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2 & Mr. WW. Paul Gerhard. C ., an expert in I
natlers pertaining to sanitation, and whos. pinton 8
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\ ““In fitting up plumbing Fixtures, i
B o ¥
3 the chier aim should always be the s
v avoidance of woodwork at and
around them, All fixtures should
stand free from the walls, and be
accessible on all sides.”’
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“ you have any trouble with your
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;; your STEAM ENGINE or HEATING
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a; your STEAM PLANT, do not hesitate to
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E\'lam' barrel of “Srtar” is guaranteed to contain less
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PREFACE.

‘ The present number contains papers read before the Engincering
2 Society of the School of Practical Science during the session 1804-95.

The Society was organized in the year 1885 by the students then in
the School, and has gradually grown since that time. Every alternate
Wednesday afternoon during the session iseses apart from the regular time
of the course for the meetings of the Socicty, so that students may thus
take advantage of them without sacrificing any of their time,

This number shows a marked increase; both in size and in the general
character of the papers contained in it, ovér all previous ones, which is, no
doubt, due to the larger number of graduates, but more particularly to the
encouragement offered by the Faculty of the School to students writing
papers, as a good proportion of our ungiergraduates have contributed.

A valuable addition is the discussion which has been printed at the
end of papers. This discussion has baeq obtained in most cases by having

printed, some weeks before the presentation of a paper, a large number of
copies of same, which have been distributed amongst the members and
others interested in the subject dealt with. The present number shows
that this method of obtaining discussion and thus greatly increasing the
value of papers is very satisfactory.

In sending papers to the Society writers should use only one side of
the paper, and should leave a good margin on the left-hand side of each
sheet.

1,500 copies constitute the present edition, and these will be widely
distributed amongst the members and others interested.

April, 18¢s.
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Blackwood, C. K., '96. Hicks, W. A, B., '97. KRobinson, F, 1., 'gs.
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PRESIDENT'S ACDRESS

L

GENTLEMEN,—1t is impossible for me to find words to fully express
‘ my thanks and appreciation of the honor you, have conferred upon me in
! :

electing me president of your Society, for; 'by.so doing, you have made me
the recipient of the highest office to which ari undergraduate of our school
is eligible,

And, if it were not for the Support you have given me in the

very
able committee you have seen fit to elect,

I'would be unable to undertake,
responsibilities connected with the
cted to fill the place just vac

| with any degree of assurance, the
position, especially as I am expe
of the best presidents, as weil
as yet had at its head.
) With the assistance of the committee, however, I will do my utmost
to give the Society no cause to reg
‘+ for the present year,

ated by one
as the most abhle chairman, the

Society has

ret having elected me to fil] the chair

I am pleased to see that we have with us to-day a number of new

(s members, and it gives me great pleasure, on behalf of the Society, to wel-
e come them to our meetings,

{ [ must also congratulate these gentlemen of the first year upon their

| choice of a profession, for, undoubtedly, we have before us a greater field

4 for our labors than has

any other professional man.




PRESIDENT’S ADDRESS.

It will not be necessary for me to dwell upon the object of our
Society, as copies of the constitution, containing this and other information
relating thereto, can be had from the librarian.

Thanks to the untiring efforts of the last committee, our Society is in
a first-class financial condition. In addition to this, the roll of last year
shows a greater number of members, and greater average attendance, than
in any previous year. These facts, I must say, gentlemen, reflect great
credit upon the committee of 1893-4.

We cannot expect to be able to make a better showing, financially,
for the current year, but I sincerely hope that our average attendance will
show another increase.

The time for our meetings, as most of you are aware, has been granted
by the council from our regular school hours, and the attendance at these
meetings is considered as part .of our college course. Apart from this,
however, as coming engineers; we should not throw away a chance of
hearing valuable papers read and participating in the discussion thereon.

Although the paper beforé the Society may not be in our own special
line of engineering, that is :1'11‘1\110 more reason we should want to hear it :
for, undoubtedly, the broader we are in our studies, the better will be our
ability to become thorongh as specialists in any of its branches.

Again, as every engincer has, very often in his career, to speak before
an assembly of some kind, we should not lose an opportunity to gain con
fidence in speaking, and also of being able to express our views clearly.

For this purpose, discussiors are entered into after every paper is
read, thus giving each member.a chance to ask questions and state his ideas
on the subject under (Iisvu\sim)f.';

.o

This is a golden opportunity, gentlemen, and one that should be
grasped by every one of us; for, remember, we are here among friends but
three short years, and after that time will have to speak before strangers,
who will not (if you will pardon my use of a slang expression) “call us
down” when we make a mistake, but will mentally, or perhaps through the
press, note the fact. T therefore repeat what I have already said-—do not
miss a chance to become a speaker.

To make the discussion of papers more general, and also to make
our yearly pamphlet more interesting and complete, it was decided at a
general meeting, held towards the end of last year, to adopt the plan of
having about 150 proof sheets of each paper struck off and distributed
among the engineers and specialists on the subject throughout the country,
asking them to discuss the paper in writing and send it in to the Society.

T e ity
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The paper and discussions thereon

will then be read at the next
meeting of the Society, and afterw

ards printed for the pamphlet.

This plan of securing discussions is,
satisfactorily in a number of Americ
instances, being as valuable as the

at the present time, working very
an societies, the discussions, in many
papers themselves.

The work of the editor and publishing committee will, under this
new system, he less arduous, as it will spread out over the whole year, and
will not, as heretofore, be limited to a few weeks.
committee to have each vear’s pz
of that year, instead of, as

It will also enable the
amphlet ready for distribution at the end
at present, the middle of the next.

I fully believe, therefore, that in the adoption of the preceding
scheme, which is due to Mr. C. H. C. Wright, the Society has taken a
decided step in the proper direction, and I am

looking forward with
interest 10 see the idea carried throu

gh successfully this year.
present committee last spring
papers from the undergraduate
carcfully considering the subject from
the council to grant

At the first meeting of the , the question

s was brought up, and, after
all points, it was decided to petition

a bonus in the way of marks for these papers. This
was done, and as there was not

of obtaining

going to be another regular meeting of the

ations Professor Galbraith very kindly called a
special meeting of its membe

council before the examin

rs Lo consider our request, the result being
is authorized to award marks to every student
writing and reading a paper before the Socie
exceed 100, and are to be awarded
All marks over 50 wiil be considere anting honors,
Some of you will, no doubt, say that as you do not intend to try for
honors, it is no use your thinking of writing
This, in my opinion, is ve

that your present committee

ty. These marks are not to
according to the value of the paper.
d by the council in gr

On any engineering subject,
ry poor argument, for you must remember that
we are here to become engineers, and should avail
opportunity to forward our own interests, as well
and the writing of a paper would be of very great assistance to each one
of us. I see, therefore, no reason why we should not have
cvery second and third year m
first year; for by so doing
the faculty that we fully
Society.

ourselves of every
as those of the Society ;

a paper from
an in our school, as well as a few
we will not only benefit ourselves, but will show
appreciate the interest that they take

from the
in us as a

The library, which is under the control of the Society, is
increased every year, new books on scientific subjects being continually
added to it by the faculty, as well as by ourselves. These books are care-
fully selected, and are the best that can bhe

being

procured on mining, civil,
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mechanical, and electrical, as well as architectural work. All members
have not only the use of the library, but also the privilege of borrowing,
for a certain number of days, any book contained therein.

I hope you will all take an individual interest in any business that
may be brought up throughout the year ; for, remember, that every motion
adopted or rejected will have its effect in forwarding or retarding the
advancement of the Society. You should therefore give every matter of
business your careful consideration before voting upon it, and by no means
hurry a motion through without carefully discussing its effect on the
Society.

Finally, T must ask you to watch carefully the work of the committee
you have appointed to transact the business of the Society. Give them
your instructions and see that they are carried out, for by so doing you
will show them that you are interested in their doings, and consequently
in the welfare of the Society.

Before sitting down, I wish to refer to the rccent appointments made
in our school, and in the first place to that of Mr. J. A, Duff, B.A., to the
position of lecturer in applied mechanics.

Mr. Duff, as you are all aware, has been intnn;llcly connected with
our Society for a number of years, and has, perhaps, done more to further
its interests than has any other individual member.

The Society has been further honored in that three of its most promi-
nent members have been granted fellowships. I refer to Mr. A, T. Laing,
Fellow in Civil Engineering ; Mr. K. W. Angus, Fellow in Electrical
Engineering ; Mr. . Keele, Fellow in Architecture.

It gives me great pleasure, on behalf of the Society, to congratulate
these gentlemen and wish them every success.

A. E. BLACKWOQOD.
October, 1894.
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GRADING

W. L. INNEs, 058, C.E

" The “grading ” referred to is for railroad purposes, but the
will hold true, to a certain extent, for all kinds of grading.
of economy, the banks are usually formed o
the cuttings, side ditches, etc,

remarks

For the sake
f the material excavated from
In some cases, however, it is (‘hc;i]u-r to
‘spoil,” or waste, the material, and make up the embankment from
“borrow pits.” For instance, suppose the cuts and fills for

some particu
lar locality of the line do not balance

that is, suppose it would be
very long distance to make up
these circumstances, to dump

necessary to haul the excavated material a
a fill—it would probably be cheaper, under
it anywhere convenient to the cut, and make the fill from material near at
hand to the proposed embankment, as the contractor is usually allowed
a certain amount per yard for additional haul over a specified distance.
The cuts and fills, under ordinary circumstances, shuld

about balance,
care, however, being taken to add about

1o per cent. to the calculated
number of cubic yards of filling, as it would take, ordinarily, about g
cubic yards of earth, as found in the natural bed, to measure 1 cubic yard
In an embankment properly made up.

The contractor is generally paid so much per cubic

yard for excavating,
and, unless in special cases (

an instance of which has already been referred
to), be is required to deposit it in an embankment ; so that the work is
nt or an excavation, and not as both.
In making up quantities this should be remembered, and the
cuts and fills should not be

only paid for as either an embankme

sum of the
taken as the total, but either of them, if they
are about balanced, the greater always,

The quantities should always (except in

special cases) be measured in
excavations, because of the uncert

ainty of the exact allowance that should
be made for shrinkage, if measured in embankment,

It varies a great deal
with different kinds of material

, and even considerably with the same kind,
depending upon how it has been compacted

. Trautwine’s Engineers’
Pocketbook gives it to be as below

on the average :—Gravel or sand, 8
per cent.; clay, 10 per cent.; loam, 12 per cent.; loose vegetable surface
soil, 15 per cent.; puddled clay, 25 per cent.; and this is confirmed by
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Mr. Q. A. Gilmore, in his book on * Roads, Streets, and Pavements,”
familiar to you all.

The materials best adapted for embankments are those that will form
themselves into a firm, compact, and permanent mound in the shortest
time after being deposited in place. Any kind of earth that is free from
water, that will be but little affected by water, and that will not retain it
long—that is, that will allow of the water that falls on it being drained
away quickly—will answer for this purpose very well. Some earths, notably
certain clays, seem to retain about them a large amount of water,«and
when exposed in slopes of either embankments or cuttings, especially the
latter, will be washed down more or less by every rain, and every time a
frost comes out.  Thus new surfaces are being continually exposed, and
in slopes of this kind of material it is a very long time before they will be
covered by a growth of grass or other vegetable matter, unless specially
treated by one of the methods to be described later. The greatest diffi-
culty is always experienced in cuttings, as embankments always afford
better drainage of the materials. Some other materials of a sandy appear-
ance, and of such a nature that, when cut, act more like a liquid than an
earth, cannot be depended upon to form safe embankments, even after
having the slope sodded, unless they are of a much less inclination than
usual, say, two or three horizontal to one vertical. Clean gravel is typical
of a material neither retaining nor so injuriously affected by water.

An embankment should never be made up of frozen materials, as it is
almost certain to slide when the frost comes out.

If the embankment is to be formed on a sidehill, and there is any
chance of it sliding, the surface of the original ground should be broken
by deep ploughing, or be cut into strips (Fig. 1).  On sidehill ground,
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when it is wet and spongy, or likely to be affected by water, it should be
thoroughly underdrained, so that no water will lodge between the old and
new banks. This may be done by means of trenches cut longitudinally
and transversely to a depth of about three or four feet, or to the source of
the springs, with open joint tiles placed in the bottom, and the trench
filled with a material that will allow the water to drain away quickly, or by
any form of convenient blind drain.

When a new line is being built, it is frequently, for various reasons,
more economical in first cost, besides being much quicker, to build a trestle
over a ravine, then an embankment. At the end of the life of the trestle,
it may be desired to make a permanent embankment, after first providing
suitable openings for any waterways or undercrossings that may pass
under the bridge. Under these circumstances, the material would be
hauled to the top of the bridge, on either flat or dump cars, and unloaded
there. In this way the bulk of the material would fall about the centre of
the dump, and unless spread out would form a very unstable embank-
ment, as the layers would be approximately parallel to the finished slope.
The sides of embankments should always be kept a little higher than the
centre, in order to retain the rainfall, and consequently hasten the consoli-
dation of the whole mass.

The slopes should be less than that which they will naturally assume,
in order to give them greater stability. Usually, 1} horizontal to 1
vertical is found to answer very well for earth. Sometimes, however, it is
necessary, owing to the nature of the earth, to decrease this to 2 or 3
horizontal to 1 vertical. It will be noticed that the inclination at the
upper end of an old slope is always steeper than at the lower end. Some-
thing as shown in Fig. 7. This being the case, it would be worth while
making them conform more to this shape than to the rigid 1} to 1 slope.
If done in the first place it will save trouble from this source later, as it is
almost certain to assume this form eventually, and the extra material
required at the foot of the slope must be made up from that sliding down
from the top, thus narrowing the top of the embankment and allowing
part of the ballast to be lost, unless prevented in the first place as sug-
gested. The width of the embankment at the top or formation level
(Fig. 2) should be enough to prevent the ballast from sliding down the
slopes and being lost. It should not be less than 16 feet for a single
track.

In finishing up the top of an embankment, it should be made a little
higher in the centre than at the sides, so as to hasten the escape of the
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water that falls on the roadbed and settles through the ballast (Fig. 2). It
is indeed a fortunate thing for all concerned in the welfare of the railroad,
but particularly so for those who have to do with the keeping up of the
roadbed, if all the cuttings come in dry, porous material ; but it is equally

unfortunate if, on the other hand, they are in wet, spongy material, easily
affected by water and containing springs.

For a single track the cutting should not be less than 22 feet wide at
the bottom (Fig. 3).

o
b))
@
| CENTRE or R

_ i Buse of Rail _

Formation Level,

The slopes should be about the same for a cutting as for an embank-
ment, that is, ordinarily, 1} to 1, and the same remarks regarding lighter
slopes and giving them a concave shape will apply here with equa) force
as in the case of an embankment, even though it is usually the aim of the
contractor to give them a convex shape in cuttings to save work,

In any case, side ditches should be provided, and with as good a fall
as possible, so as to carry away the water that collects in them quickly,
and not allow it to soak into the substratum under the ballast, or, if the
substratum is wet and spongy, to provide it with as good drainage as the
circumstances of the case will permit.  If the substratum remains soft and
wet, it will allow the ballast to be sunk down into the mud (for a soft and
wet substratum will amount to, in time, practically nothing more) by the
action of passing trains, and the mud to work up about the ballast and
cross-ties, making a soft, springy roadbed which can neither be kept in line
nor in surface, and which, if proper drainage is not procured, will cause
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endless trouble and expense. For the reasons just mentioned, besides
others, long level crossings are very objectionable.

Drainage about the roadbed is very important, but particularly so in
cuts. Every time a train passes over a soft, wet roadbed, similar to the
kind just mentioned, it will shove the ties further down into the mixturc of
mud and ballast, until finally they will be completely buried and the place
becomes impassable, if not remedied. Two great mistakes are sometimes

; committed in making cuts : first, the cuts are not wide enough at the
bottom to allow of good side ditches ; the second, the slopes are made
too steep. These two points should be carefully looked into at each cut,

i or, at the least, for cuts in all the different kinds of material.

& If the material of which the slope is composed is wet and contains

springs, it is not only very likely to slide in cut matter, but even more so when
the frost comes out. It is very difficult sometimes to know what is best to
be done under these circumstances, and no rule can be laid down to cover
all cases, as each must be treated somewhat specially.  Some advocate sod
ding the slopes, but this will probably prove of no avail, unless at the same
time stakes about 2 or 3 feet long are driven into the slope at fairly close
intervals ; then it is claimed that this will effectually stop sliding in cuts.
Instead of sodding, a thin layer of loam may be spread over the surface of
the slope, and then seeded down with grass seed ; of course it will be just
as necessary now, if not more so, to use stakes as before. Anything of
this kind greatly improves the appearance of the cuts, besides probably
making a permanent improvement ; but, as a rule, it is a difficult matter to
get the management of a railroad to expend money in this way, although
they apparently have no objection to sending out a train with a large gang
of men each spring and fall to clean out cuts of the material that has slid
down during the half year from the slopes, and this is only a temporary
relief from the difficulty. It must be remembered, however, that unless
the slopes are made up approximately in accordance with the shape which
they will naturally assume in time, and as indicated in Fig. 7, and it is very

4 //////% 7
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doubtful if sodding or anything else will prevent sliding in cuts of certain
wet materials, when acted upon by heavy rains or frosts, unless the slopes
are very slight, which, generally speaking, is not the case.
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A variety of frost works have been designed and used for retaining
the foot of slopes in cuts, only a few of which will be mentioned. Dry
stone retaining wall, or * rip rap” (Fig 4). 'The stones should be large,
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and the spaces between the stones should be sufficient to allow the water
to escape into the side ditches and thus carried away. If cement is used,
drip holes should be provided ; otherwise water will collect behind the wall,
and, when it freezes, break the wall.  Piles driven about 6 to 8 feet cen
tres, and backed up with old hrid;ctimhcr(l"ig, 5), make a good retaining

wall for the foot of slopes in cuts, provided that the wall does not exceed
about 5 feet in height. Perhaps the best plan for this purpose is shown
in Fig. 6. It has proved to be very effectual in answering the purpose

6. 6
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for which it was designed. It is built entirely of old bridge timber, and,
the construction being simple, it is not costly.

Ties settling into the mud during wet weather, caused, indirectly, by
poor drainage in cuts, or a substratum of water-retaining material, is only
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part of the trouble. When the cold weather sets in, *“heaving ” of the
track will commence, and continue until the frost has reached its maximum
penetration into the ground. In some cases the track will be shoved up
as much as 6 and even 8 inches, and, in an extraordinary case, it has
heaved as much as 14 inches ; but the ordinary maximum is 4 to 5 inches.
The writer, in speaking with an experienced section foreman, some time
ago, on this subject, was informed that he had, on one occasion, dug
down at the ends of the ties when the track was badly heaved. After passing
through the ballast, which, of course, was frozen, he found that there was
intermingled layers of sand, ice, and air spaces, varying in thickness from
about 4 inch to about 1} inches. The substratum in this case was quick-
sand. The foreman thought that water was the cause of all bad heaving—
in fact, of all heaving—and stated that, in a number of cases of bad heaving
investigated by him, he found that, invariably, there was always con-
siderable water present in the substratum. A certain amount of heaving
is likely to take place anywhere along the line, but no really bad heaving
occurs except in cut places. The greatest trouble is generally experienced
at the ends of cuts. Heaving is seldom the same for any considerable
distance along the line, and this is what causes the trouble. Sometimes
one rail may be pushed up and the opposite one remain as it is, or one end
of the same rail will be heaved up, while the other end remains unmoved.
The amount of heaving seems to depend directly upon the amount of water
contained in the ballast and substratum within the range of frost. The
more water, the more heaving. This is explained, no doubt, by the well-
known property of water—expanding when transformed into ice : each
additional penetration of the frost adding its quota to the heave, This
also explains, or seems to explain, the appearance of air spaces and layers
of ice and sand, as found in a frozen roadbed mentioned above. The
frosts might reach deeper in certain spots than others, thus including
more water and causing more heaving, leaving spaces under the other
spots when the frost did not reach down so far, These spaces might then
be filled, or only partly filled, with water, which, when reached by, the
frost, would form an air space and a layer of ice, or an air space, a layer
of ice, and a layer of sand, according to the increase of the depth of the
frost, etc. These would, in their turn, probably be heaved up, and a
similar process continue until the frost had reached its maximum penetra-
tion. A remarkable case of an air space being found under a track has
been related to the writer by a roadmaster of wide experience. The space
in this case, to use his own words, ‘‘was large enough to let a rabbit run
under the roadbed.” The heave in this case was extraordinary, being
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about 14 inches. In order to keep the two rails level, or at the proper

clevation, if on a cuarve, or to take the ups and downs out of the track,
since the ties are frozen m and cannot b
bhecomes necessary to use shims. \dzing the

¢ either raised or lowered, it
ties should never he allowed.
Shims are simply picces of hard, tough wood, varying in size to suit the
weight of rail, with two holes, sinch diameter, bored through them for the

spikes to pass down, and so placed that the spikes will fit elose to the

flange of the rail Iigs. 8, 9, and 10 are plans of shims for the different
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weights of rails : and Figs. 11and 12 show the method of using them
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Shims are generally supplied the sectionmen machine made, of various

thicknesses, varying from }-inch up to 3or4inches. For anything less than
. ‘inch, the foreman should have a block of tough hardwood on his hand
car, from which he may chip off the desired thickness of shim. When
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PN

thick shims are used, the ordinary track spike, which is about 6 inches
long, is too short to hold well, and spikes 8 and 10 inches long, but other
wise of the same dimensions as the ordinary, are used. At first the up
heaval is very slight, but becomes more marked as the weather grows
colder and continues till the dead of winter.  However, this is not always
the case, as frequently the track will heave once and remain undisturbed
until the frost goes out. When the upheaving continues, it is necessary
to commence with thin shims, and gradually replace them with thicker ones
as the change proceeds.  Similarly, when the frost is gomg out, it is
hecessary to continually change them and reduce the thickness until the
last shim is out.

It will be noticed that drainage in cuttings, soft springy roadbeds,
heaving, shimming, etc,, have been considered under the head of
grading. This was done for the purpose of bringing out the intimate
relationship existing between them. Very often, at the time grading is
going on, by using proper precautions, a great deal of soft roadbed and
bad heaving, and consequently the dangers and expenses appertaining
thereto, may be avoided

The cost of excavation, of course, will depend upon the nature of
the materials to be excavated, the loc ality, the price of labor, and also
upon the circumstances generally ; so that no one price can be given to
cover every case, but the price per cubic yard for earth usually ranges in
the neighborhood of 20 cents.

Trautwine gives some very useful tables for cost of excavation on
page 742 of his Pockethook.

Peterborough, Oct. 13th, 1804

DISCUSSION.

MR. C. H. MitcHELL. - Mr. Innes’ paper supplies a valuable part to our
preceding papers on railroad work. We have previously had considerable
information on earthworks and track-laying, but this paper very aptly closes
the gap between them. Mr. Innes has presented us with a considerable
amount of valuable concise general information on the question of grading,
but that which I consider the most valuable is his clear and complete treat
ment of the frost question, and in view of the climatic conditions in this
country it is most important to the engineer. In view of the fact that
Mr. Innes’ paper is the outcome, for the most part, of his persoral ex-
perience in railroading, his paper is doubly valuable.
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same prism in fill, or comes from same prism in cut to next prism in fill.
This method is pursued until either cut or fill is gone through. Making
thus a table, with the various quantities and corresponding distances of
extra haul, multiplying out, adding, dividing by 100, and multiplying by
the price per 100 feet, the total value of extra haul is arrived at. This, of
course, is an approximation, the assumption being that the centre of
gravity of each prism is at the centre of length, which is seldom true in
fact.

I have tested Trautwine’s percentages as to shrinkages in fills in
some instances, notably in gravel, and have found them to check out closely
when applied to the cuts from which the material was taken. The young
engineer should verify these and similar results of experience as often as
he possibly can.

As regards the material of which embankments should be made, I
may say that an engineer seldom has much choice. I have made
embankments which we afterwards had to cover with clay to prevent their
being burnt up. These were made by piling up black muck in long
swamps where no solid material was obtainable, until the track was got
through. When it dried, it was quite inflammable. I have also used
large quantities of frozen material, as the exigencies of railway building
sometimes do not allow for weather. These matters, however, are easily
rectified after the track is once laid, when large cuts and borrow pits can
be cheaply run out. Mr. Innes’ remarks as to depositing the earth in
layers are to the point, and the importance of doing embankments in this
way is too much underrated in practice.

Mr. Innes has not quite brought out the idea of the agreement of a
twenty-two-foot cutting with a sixteen-foot embankment. If you will take
a twenty-two foot cutting and allow eighteen inches as the width of the
table drains at bottom and six inches for depth, and give their sides the
usual slope of 1} to 1, you will find you have a small middle embank-
ment left which is exactly sixteen feet wide, and is, therefore, continuous
with the embankments at either end of the cut. This, T assure you, Jooks
even better on the ground than it does on paper. The fact is, cuts
should be taken out to widths suitable for leaving this width of grade, and
providing for any size of table drains that the nature of the ground may
require. ;

Blue clay in cuttings should not be left exposed if top soil of any
kind is bandy. In damp weather the clay cracks vertically and falls
forward, filling up the table drains. I had a large cut which was taken
out by steam shovel. The cuts, of course, were nearly vertical, and were
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taken out to about midway between the hottom and top widths. I found
any more trouble after the top soil had fallen
down and covered up the hard blue « lay. Previous to that, even a misty
atmosphere would start the cracking of the clay.

One of the frost works described by Mr. Innes—shown in F
could, I think, be improved on by laying in
timber just below the level of the table

that there was scarcely

ig. 6—
a horizontal sill of rough
drain and extending to the centre
of the track. On this erect your vertical post with mortice and tenon
at the foot, and put in the brace as before, but with the foot below the

ballast on the top of the sill. I have seen these remain in place until
they have rotted out.

In wet sand cuts, a box drain with sides of Square timber, resting on
cross sills every six feet, floored with plank, and open

at top, except for
Cross ties, is frequently very efficient.

MRr. A.T. LaiNG.—Is it not preferable to avoid the use of wooden
structures for retaining walls, and would it not be advisable

to dispense
with walls altogether, if possible,

hy widening the cut, even though this
involved the expense of procuring more land ?

MR. JamEs MacDouGaLL. Wooden structures are objectionable, of

course, but in the case of DEW construction it answers the urpose for
’ [

the time being, and facilitates the progress of the work. At the end of
ten or twelve years it will need repairing, at which time it may be replaced
by stone. With reference to widening the cut, this in many cases is
the more permanent way of overcoming the difficulty, but in
kinds of soil no reasonable width of cuttin

long, deep cuts it would be found ve
g I

some
g will prevent sloughing; also in
ry expensive to remove the material.
In such cases it would be preferable to construct retaining walls,
MR. A. T. LAING.—In the case of shimming, I think

it would be
better to use shims without holes.

These may be placed diagonally
spikes, thus facilitating the labor both
of placing and removing the shims, and it

underneath the rail between the

will be found less injurious
to the tie, as the spikes nced only be partially drawn.
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THE MAINTENANCE OF ENGLISH ROADS

By SIDNEY M. Jounson, Grap. S.P.S., Stup. Can. Soc. C.E.

—

In this short paper I do not intend to touch upon the

construction
of new roads, nor w

ill it be necessary to point out to you the advantages
of well-maintained roads, but my object is to bring before you as con-
cisely as possible the system by which the English roads are maintained
under County Councils, and also the cost of this method.
But before entering upon the subject of maintenance, I must give
you some of the history of these roads.
The earliest roads of England about which a

nything certain is known
are those laid down by the

Romans during the time they occupied the
country.  These are characterized by their straightness from point to
point, and by the solidity of their foundations, w

hich in many cases con-
sisted of carefully constructed pave

ments, sometimes cement being used,
and upon these the roads were constructed. Many of these roads still
exist, or form the foundations of the present roads,

The roads laid out after

the Roman occupation are by no means
characterized by the

ir straightness, but were |
System, attention being paid
as to where the best ro

aid out without regard to
only to the requirements of the traffic, and

ad could be built at the least expense.
have the road following the brow of a hill, a valle

or else constructed to suit the

Thus we
Y, the course of a stream.
convenience of the owner of the land, and
pretty winding roads and lanes which add so

of the country, as contraste
cessions and sidelines of our own,

these causes produce the

much to the beauty d with the regular con-

This method has advantages more important than that of picturesque-
ness, for by deviating the road

, instead of cutting through hills, it may be
kept upon nearly the same level, and a much better bed thus selected.
Another advantage is in the matter of bridges. In parts of England there
are a great many deep winding sluggish streams and rivers, and the roads

have been laid out so as to have as few bridges over these as the conveni-
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nce of the traffic would allow, thereby greatly lowering the cost of main.
enance.

The system of maintenance, until the latter part of last century, was
very similar to that in vogue in Canada at present.  The law then
required each parish to repair its own roads, which they did by statute
labor.

Early in this century turnpike trusts were formed, but these were
conducive of very little improvement.

In the year 1819, and those following, greater interest was aroused by
the keen competition for favor between the rival systems advocated by
McAdam and Telford.

These men both, for the first time, advocated the thorough drainage
of the foundation and the breaking of the material to a certain gauge, but
differed in that Telford advocated a pavement upon which to build the
road, while McAdam maintained that this was unnecessary.

In 1835 the “ General Highways Act” was passed, by which highway
rates were substituted for the statute labor, and paid surveyors were
authorized for parishes or highway districts. This Act, with slight modi
fications, continued in force until the County Councils were constituted
by Act of Parliament in 1889, when the present system was called into
use.

Under the present system the roads are divided into two classes, viz.,
County and Parish roads, the former including all the old turnpike roads
and many of the other main roads, whilst all other roads come under the
latter heading, and the parish in which they are situated is responsible
for their maintenance.

I'he details of the sy:tem adopted vary slightly in different counties
under the County Councils, depending greatly upon the engineer, but
are very similar upon all major points.

The outline of the chain of responsibility or system of maintenance
which I am going to detail is that followed in the County of Norfolk, one
of the large counties on the east coast, and which possesses very good
roads.

Here, as in other counties, the county roads are placed by the coun-
cil under the supervision of an engineer, who is known as the County
Surveyor.

If the parish authorities think that the traffic upon any of the roads
under their supervision is more than local, or that it should be classed as
a main road and the county made responsible, they must apply to the
council for relief, at the same time setting forth their claim. The county
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surveyor is then instructed to examine into the case and report. In case
it should, in his estimation, be classed as a main road, the parish must first
bring it into as efficient a state as the county roads, and they may be
relieved of its care, it then becoming a county road.

The county surveyor appoints his own assistants, who are known as
Overseers or Local Surveyors. These men should have previous experi-
ence, as they have, on an average, the supervision of one hundred miles
of road, devoting their whole time to the care of their section. Their
first duty is to inspect their section, and this they must do personally at
least once a fortnight, and send a written report to the county surveyor,

The engineer also convenes a meeting of these local surveyors once
a month, when their successes and failures are reported and discussed,
and thus they severally profit by the experience of each one.

In the county I have mentioned there are, in round numbers, twelve
hundred miles of main or county roads under the charge of twelve local
surveyors, each having about one hundred miles in his district.

The local surveyor has under him a laborer, who is known as a
Gauzer, for every four to six miles of his district, according to the amount
of labor required upon that part of the road.

These gaugers devote their whole time to their section, except that
during August they may be granted leave by the local surveyor to help
in the harvest, if their section is in a satisfactory condition. They are
responsible to the local surveyor for the maintenance of their section, and
are visited at least fortnightly by him.,

During the autumn and early winter, when the work on the roads is
heaviest, they are granted extra help,

sometimes having as many as four
or five men under them.

PARISH ROADS,

The vestry of the parish at present have had the management of the
parish roads, but by the * Parish Councils’ Act,” lately passed, the super
vision is this autumn transferred from the vestry to the parish council,

The number of miles of road in e

ich parish varies from four to seven,
and the system of maintenance

1 similar to that under the county, but
upon a smaller scale.
The vestry appoints a parish surveyor,

who is generally a small
farmer or tradesman in the parish

» and he is responsible for the mainten-
ance of all roads within the parish boundaries, other than main roads. He

does not devote his whole time to the roads, but continues his calling,
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whatever it may be, and inspects his section systematically, directing his
assistants where to bestow their labor. He must also keep careful
account of all moneys expended and received on account of his roads, and
for these duties is paid a fixed sum annually.

The amount of labor required on the parish roads varies, as in the
case of the main roads, and the surveyor engages men as he requires
them.

WIDTH.

The metalled surface of the road should always be of sufficient width
to accommodate the traffic being less in the country than near an im-
portant town, the minimum being twelve feet and the maximum about
forty.

Between the sod borders the width should in no case be less than that
necessary to allow two vehicles to pass comfortably, for this purpose fifteen
feet being sufficient. Where the width is less than this people cannot pass
without turning out upon the sod, and thus cutting up the border, filling
the side channel, and carrying soil from the side on to the metalled sur
face of the road, all of which should be avoided.

Whatever widths are selected for the county and important parish
roads they are uniformly preserved, except where a hill or some other local
cause makes an additional width advantageous. The borders are well
defined by straight lines or curves, the sod being cut back, side channels
cleaned, and outlets opened at least yearly. This, besides giving the road
a neat and finished appearance, facilitates and lessens the cost of mainten-
ance.

CROSS SECTION,

A good cross section is one of the most important, and at the same
time one of the most difficult, things to attain upon a road.

The slope towards the side should be such that the rain flows freely
towards the side channels, as the effect of water standing on the road is
ruinous, for it not only adds greatly to the wear of the metal, but also
permeates and weakens the crust of the road and subsoil.

The effect of too great a slope is almost as bad as the other extreme,
for where there is a perceptible pitch the traffic confines itself to the centre
of the road, as the only place where the vehicles can run horizontally, and
thus grooves which retain the water are worn by the wheels and horses’
feet.
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By constant attention the English roads have attained an easy curve,
principally of a flat elliptical form, and thus, aided by the smoothness of
surface, sheds the water with ease.

The amount of fall from the centre towards the sides is greater on
hills than at other portions of the road, so as to shed the water rapidly,
and thus prevent it running down the hill upon the road and scouring the
surface. The fall is least where there are easy grades on the road, and
upon the level the fail on a road thirty feet wide is generally about six
inches, and should never exceed nine, while for the narrower roads a fall
of three or four inches is given.

METAL.

The metal used upon the roads varies greatly, according to the local-
ity and fitness of local supply, if any. Those in most common use are the
igneous rocks, the granite being the principal, iron sandstones, flint, flint
and chert gravel, the harder limestones, and in the iron district the slag
and furnace refuse are used.

In choosing a road material the four properties considered are its
hardness, toughness, its power to withstand the action of the weather, and
the degree with which it binds. No one metal possesses all these qualifica-
tions. Thus, although granite is hard, it is often brittle if containing too
much felspar, and of itself does not bind well. Flint also is very hard, but
is brittle and is not cohesive, while, on the other hand, limestone from the
mortar-like detritus formed by its wearing binds well, but is not of suf
ficent hardness for roads on which there is heavy traffic.

Returning to the county which we have especially under considera-
tion, there is no local supply of igneous rocks. Where the rocks do out-
crop they are chalk, with which is associated flint, and there are also
deposits of flint and chert gravel, while upon the seashore large quantities
of flint may be procured.

Besides the local materials, a great deal of granite is imported for use
upon the county roads.

When gravel is used, it is from pits sanctioned after inspection by the
county engineer, and is screened and broken to a certain gauge ; being
in this condition contracted for per load of twenty-four bushels either in
the pit or delivered on the roads. The usual price of this gravel is from
$1.10to $1.20 a load delivered, or 75c. a load in the pit.

The flints are of two classes : first, those gathered off the land, and,
secondly, those from the seashore. The former are gathered during the
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autumn and winter by children off the fields, the children being paid 2c,
per bushel, and the landowner sells them at 5¢. per bushel, or about
$1.40 a load delivered on the road.

The flint from the seashore is not so good a road material as the
land flint, the salts of the sea having the effect of softening it, so that when
used it should be broken and left standing in heaps or me
least one year before being placed upon the roads.
also improves by standing in heaps after being broken.

Upon the most important county roads granite from Guernsey or
Belgium is used. This granite costs according to proximity to a seaport,
and on the east coast costs from $3.00 to $3.75 a ton. This is double
the cost of the local material, but after c

tal depots at
The ordinary flint

areful investigation it has been
estimated by good authorities to stand three times the wear and traffic, and
is therefore cheaper in the end. It is, on these grounds, favored by
experienced men for use on the principal county roads where the traffic is
heavy.

SIZE OF METAL.

The most advantageous size to which the metal may be broken
depends greatly upon its toughness, and how it is to be laid, but the pieces
should be as nearly cubical as possible. The recognized standard for the
metal since early in the century has been its ability to pass through a 214
inch ring, ora cube of about 135 inches.

A hard material may, with advantage to the road, he broken smaller
than a softer one, and if but light repairs are to be made a smaller gauge
is an advantage, as the material binds better, covers more, and gives a
smoother surface. When the metal is to be rolled, it gives
stronger surface if the pieces are large.

a better and

In all cases the metal is broken as nearly cubical as possible, and
should pass the gauge in every way. When the harder descriptions of
metal are used, it is important that they should be as near the same size
as practicable, which will give a smooth surface to the road and reduce
the wear and crushing.

The granite is delivered broken, being crushed by machinery, while
the local material is broken by hand during the summer by the man in
charge of the road, or is delivered broken upon the roads.

LAYING THE METAL.

The laying down of the metal to the greatest advantage is an art
learned only after long practice, and especially is this the case with light
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w

repairs. The tendency of the roadman is, for the sake of appearance, to lay
it in long narrow rows, where the horses—whose habit it is to follow in the
same track—-have worn a hollow, or in the wheel tracks. This causes the
traffic to be diverted to the side of the road. The only way to avoid this
is to lay the material, where necessary, in short lengths at a time.

The metal should be laid on one stone thick, and close enough so as
to touch those on all sides of it, thus forming a sort of mosaic work. Each
cube then gives and receives support from its neighbor, and the binding is
greatly facilitated.

When the roadbed is thick and strong, it is sometimes an advantage
to pick the surface before laying on the new metal, so as to help the bind
ing, but it should never be more than half an inch deep, and is only
advisable where a hard metal like granite is to be used, and where the sur
face has worn unevenly.

A more common plan of aiding the consolidation of old and new
materials is by the use of a binding material, marl being now greatly used.
especially where the subsoil is of a light or sandy character. After laying
the metal the marl is spread over it in the proportion of about 1 to 7.

The use of steam rollers upon the roads is growing rapidly, the
county engineer now having four at his disposal, and hopes soon to have
twelve, or one for each district of one hundred miles. These rollers are
capable of consolidating one thousand two hundred superficial yards of
new material per day, but their use is only advantageous where extensive
repairs are being made upon roads with strong foundations, and where
some thickness of metal is to be laid down.

WIDTH OF WHEELS.

The width of wheels and their loads has been the subject of statutes
and by laws since early in the century. Under the “General Turnpike Act ”
in the reign of George IV. a premium was put upon broad tires with
countersunk rivets by charging them but two.thirds of the ordinary toll.
At the same time conveyances with heavy loads and narrow tires were
charged additional.

At present there are no regulations bearing upon this subject which
are enforced, but wheels upon all vehicles and carts are much wider than
those in use upon our roads, and which, especially in soft weather, do so
much harm. Upon the carts, which replace our buggies, the wheels
average two inches in width, or about twice as wide as those on the cor-
responding conveyance in use here, while upon the carts and wagons
used for farm purposes the width varies from four to six inches.
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There is a growing feeling that some measure should again be in
troduced and enforced, and authorities place the maximum allowable load

for a wagon at one ton of vehicle and load per inch of tire, that is, five
hundred weight per wheel.

DISTRIBUTION OF LABOR,

The great difficulty in this respect is that the heavy work is concen
trated unavoidably into a short time, whilst at other times the road surface
itself requires little or no attention.

During the summer months the man in charge should clean out the
side ditches, which are too wet at other seasons. He should also take
advantage of any soft weather to cut back the sod bordering on the road,
thus giving the road surface a uniform width throughout.  This keeps the
road of the proper cross section, and forms a channel for the storm water
between the side ditch and the footpath or metal heaps, and from which
it is led at intervals into the side ditch. This should all receive attention
before the wet weather sets in. On roads where flint is used and delivered
unbroken, it is broken to the proper gauge during the summer.

During the early autumn, or as soon as the rains make it necessary,
the roads are scraped to remove the mud produced by the summer’s wear
of the metal.

Havirg cleaned up the sides and scraped the surface, the new metal
should be laid on, the first care being bestowed upon those places which
are naturally low and damp. After these are attended to the remainder
receives its coating, and it should all be laid before the beginning of the
new year

The rnew metal being laid, the work upon the road for the remainder
of the winter is light, and any extra help which may have been necessary
is dispensed with, The regular man’s time is occupied in attending to
any weak places which may need additional metal, raking the loose metal
5o as to facilitate its binding, and scraping where necessary.

When the rains of spring, with the wear, tend to again make the road
muddy, the gauger’s time is taken up with scraping the detritus off the
surface, and any spare time should be spent upon the side ditches.

METAL DEPOTIS

To facilitate the metalling in the autumn, the road material, when
delivered by the contractor or otherwise, is laid in heaps by the roadside,
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if its width be sufficient to admit of same. These heaps vary in size and
distance apart, according to the importance of the road, in some cases
being as close as twenty yards, but should never be more than one hun
dred yards, which leaves the gauger but fifty yards at most to wheel his
material when metalling the road. Upon narrow roads, where this method
cannot be adopted, recesses have been constructed on the side, and here
the material is stored without inconveniencing the traffic. These stores of
road material are known as metal depots.

COST.

The cost to the county for the main roads was last year £ 35, or
about $170, per mile. Of this thirty to forty per cent. is chargeable to
manual labor, about ten per cent. to salaries and management, and the
remainder to materials. This money is raised by a general rate over the
whole county, with the exception of the county boroughs of Norwich and
Yarmouth, which maintain their own roads, etc., themselves. The cost of
the parish roads is from $60 to $75 a mile per year, and this is raised by
a rate upon the incomes of the parishioners.

Having detailed to you the points which most forcibly struck me
regarding the English system of maintenance, I think you will agree with
me that in many points we may, with advantage, follow their example,
after allowing for climatic and other variations of condition,

The three things to which these roads owe their superiority are, first,
the stability of their foundations ; second, the constant and not spasmodic
attention bestowed upon them ; and last, but not least, the fact that they
are under competent authorities in the county engineers and local sur
veyors.

ISCUSSION.

MR. ALaN MacpouGaLL—This is a useful addition to the literature
of good roadmaking, and is presented at a fitting time.  The conference
held in the Canadian Institute last February resulted in the formation
of an association for the improvement of roads, under the name of The
Ontario Good Roads’ Association, which held a meeting in Toronto in
September during Exhibition week. The Provincial Government is
taking so much interest in the subject that it is not likely to be neglected,
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and from what I can learn it is likely to be a prominent subject of discussion
at meetings of farmers’ institutes this season.

There is a danger that
the present craze for electric railways will

blind rural constituencies and
hinder the growth of road improvements; it becomes the duty of those of
us who know the value of roads to the a

dvancement of the country to
combat the idea that it is not necessary

or advantageous to improve side-
lines. The country can no more exist without good roads, and sidelines
too, than we can breathe without lungs.

[ have already pointed out to you
exercise of your talents in this fie
be long before m

that there is a good field for the
Id of engineering, and 1 hope it may not
any of you are engaged in improving our roads. You
are kind enough to ask me to address you once more : | daresay I might
be able to do so early next year, and I shall h

ave pleasure in so doing, if
[ can arrange for a subject.

MRr. P. K. HyNDMAN Having already written a paper on the
subject, which appears in the first report of

of Ontario, printed by order of the (

The Good Roads’ Association
iovernment, it will be unnecessary to
repeat here any of the views or statements which are there given.  Suffice
It to say that it is satisfactory for me to find that the main features of the
English system, as described so tully and clearly by Mr. Johnson, but of
which T was ignorant, are identical with what I proposed should be
adopted in Ontario.

or statute labor ; (2

These are (1) a special road tax, instead of tolls
) the administration by county and parish munici-
palities, with the consequent necessary classification of the roads under
each; and (3) the appointment of a competent engineer for cach
county.

Our road allowances being all laid out, 1t is necessary, with some
exceptions, to adhere to them. Fortunately, the topography of western
Ontario, at least, renders it possible to do this, so that alignment has
not to be considered, as in Great Britamn. £3

The width of sixty-six feet, also, gives plenty of space for making
carriage and foot ways, as well as room for shade trees and stacking
“metal ” for repairs. I have already described how, in my opinion, this
width, which should be fully utilized, may be divided up.

In India, the repairs were carried out by miles, which facilitated the
periodical renewal of the upper mctal coat. Therefore, I consider it
necessary, in the first instance, to mark out all the main roads, at least,
by mile posts, or divide them into sections, extending from one cross-road
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to another, which is generally a distance of 1} miles. This is a much
better arrangement than renewals in short pieces.

Repairs in India consisted of what werz called “annual” and ¢ petty”
repairs, the first being the laying down of an entirely new coat of metal
every three or four years, or as often as required over the whole mile.
The metal for this was brought in and stacked in one continuous heap on
one side of the road.  For the second, which consisted in patching holes
which would appear in the coat, after the first year, the metal was stacked
in short heaps, distributed over the mile on the other side of the road.

This work of collection of metal, laying the new coat, and making up
the earthen berms was carried out by contract, the patching being done
by gangs of monthly-paid laborers, who attended to this, making up the
earthen berms and slopes, when and where required.

Mr. Johnson has accurately described the qualities of the different

materials used for road metal. Traprock is the best. It is used
extensively in Scotland, where it is called “whinstone.” In Ontario
there is not much variety, beyond the ordinary pit gravel. In India, a

material much used is an earthy nodular limestone called “ kunkur.’

This material, after being broken and screened off the earth
embedded in the cavities, is laid down and consolidated by iron hand-
rammers, plenty of water being used in the process. It binds well, and
makes a very smooth road, but is deficient in hardness.

Thirty-five miles of the roads in my division were metalled with
sandstone, broken up from large boulders which were brought down
every season by the torrents from the Himalayas. A little earth or clay
was scattered over this, and dibbled in with light strokes of a pick, and
the coat consolidated by a large heavy stone roller six feet in diameter
(of which there are several on the road), pulled by about forty coolies or
laborers, water being also used in this work. The patching was done by
hand-ramming.  This road was not nearly as smooth or pleasant to drive
over as the “ kunkur ” roads.

In Central India there is kind of red laterite called “ moorum,” which
is used as a road metal. It is not capable of being blasted, and is very
difficult to break up with the pick. It makes a smooth road like
“kunkur,” but, like it, wears rapidly.

Broken, overburnt, or vitrified brick is also used as road metal, but
it is friable, and apt to work loose, unless some binding material, better

than clay, is used.  Still, if procurable, it forms a fair material for road
metal.
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I have found the hest width for metal
caused the traffic to travel in the
hollows or ruts.

was twelve feet, as ten feet
same track, which wore into two deep
This was not the case where the metal was twelve feet
Near large centres of population the width of metal was increased
to sixteen feet. The total width of the carri;
roads were main trunk roads.
at four and a half inches,
“template”

wide.

1ge-way was thirty feet, as the
The thickness of a coat of metal was taken
and was laid down according to a wooden
laid across the road, the central thickness being about six
inches and the sides three inches.

The metal was carefully spread for lengths of about one hundred
yards. Before consolidating, as already described, I found it better to
repair and bring up the surface on which the new coat was to be laid to
a hard, even, and smooth condition, the loosening of it by picks making
it too soft, and the new coat adhered perfectly to it. Whilst a length was
being consolidated, the traffic was turned aside to the berms, which were
afterwards made up to the new level, and not until the new surface was
pertectly dry was the traffic allowed to Pass over it.  Similarly, the patches
were cut out in a rectangular form,

and filled in with fresh metal, which
was rammed and watered

y and brought flush with the existing surface
The practice in Scotland,

which was in vogue before the introduction
of the steam roller

, of spreading the metal over all hollows, and allowing
the traffic to consolidate it, was most unscientific and wasteful, as fully
half the metal was pulverized before that part of the road became smooth
again,

Small patches should be hand rammed, where the extent of the
petty repairs does not warrant the employment of the stcam roller.

The Tel ord system of road surface, providing an underlayer of
large stone, has the defect of not giving a firm and even bed for the
upper coat of broken stone to rest on.

On laying metal for the first time on a road, 1t is desirable, basides
providing proper drainage, to ram or roll the earthen surface till it is quite
hard. It is better that this surface should be flat and not rounded. In
India, a new road received two coats, one being consolidated before the
second one was laid down. The second coat might consist of stone
broken to a larger size, say, to pass though a two and a half inch ring, the
upper either two or one and a half inches, the latter being preferable.

Gravel, when used, should be screened and broken to two inches.
and one and a half inches in zz0 thicknesses or layers for the second coat
(the first or under coat two and a half inches), the coarse sand remaining
to be spread thinly over each layer, to assist in binding.
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After a new coat has been consolidated, very fine gravel or stone
dust should be spread over the upper surface to a thickness of half an
inch, as “blinding,

)

’ which makes the new coat smoother to travel over,
besides preserving it til! it has got quite hard.

Drains should not be wnder the carriage-way, as they may cause sub-
sidence. The edges of the carriage-way should be kept even and trim,
and every facility given for the storm water to run off into the side gutters.
Where there are slopes, these should be grassed to prevent their being
cut up into channels by the rain water.

The general form of cross-section is a central curve of about one
hundred feet radius, the side berms sloping off at one in forty tangents,

The planting of trees, and provision of, at least, one footway at the
side, and keeping the whole width trim and neat, are very important
matters to be attended to.

The time for carrying out the renewals and heavier repairs must be
fixed at the most convenient and favorable season of the year, it being
borne in mind that where repairs are required to a small extent these
should be carried out at once.

The County Engineer should have charge of all the roads, as tending
to a uniform system. He should have a sufficient number of assistants
and road overseers, according to the extent and importance of the work

He might alsc be given charge of the various drainage works in the
county carried out under the Drainage Act, and might act as consulting
engineer to the municipalities of the smaller towns and villages in the
county which could not afford to employ an engineer, but could pay the
salary of a street or town overseer. All county and township buildings
might also be put in his charge to carry on the necessary periodical
repairs. In this way, his time would be fully occupied.

For the guidance of the staff in their duties, a specification and set
of rules and regulations, embodied in a code, should be carefully drawn
up, printed, and a copy furnished to each member of the staff These
rules can be amended from time to time,

MRr. W. F. VAN BUSKIRK —Mr. Johnson’s paper gives us much
information of a character not readily obtainable in this country, and
which should be of value to all interested in road improvement.

Quantities and prices of material and labor on completed works and
the maintenance of them are always interesting to engineers, and it is not
often we get them in detailed forn.
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As Mr. Johnson has made

4 preity extensive study of the English
roads, it is prohable that he

can give us a little more inform
few points. Fo instance, it would be of
and other surveyors are paid for the

ation on some
interest to know what the county
ir services, and the manner in which
they get over their respective sections of road ; what their duties are in

refor. What about the manage-
ment and care of water after it leaves the surface

The drainage of the subsoil found
storm waters is, of course,

regard to buying material and payments the

of roadways ?

ations of roads and the removal of
the most important feature to be looked after in
the maintenance of a road, and I am Sorry to say is the feature most
neglected in our own attempts at roadmaking.  This neglect of the first
necessity of a good road is perhaps excusable in the case of the ordinary
citizen, as he does not generally think why a road is good. or bad ; but an
engineer should know that it is not by chance that the large amount of

water delivered on a roadway is removed without doing serious damage.

forty thousand tons of water fall
upon each mile of roadway in this country, the

When we consider that some annually

problem of its immediate
Importance, and any hints we may be able
to obtain in regard to the practice, in countries having good roads, are of

removal begins to assume some

value to us in dealing with our own

MRr. J. F. Beam ~Undoubtedly the first

Step in this important
problem should be the

adoption of some suitable p!
when once in force, good roads would result
comfort and welfare of the people
b2 attained with more ¢

an or system by which,
, and add materially to the
of our province. How can this object
ase and thoroughness than by t

aking advantage of
the experience of countries which h

ave already worked out
This paper of Mr, Johnson’s plainly shows th
motherland, England, more especially with profit
to road management, as well as in many othe
stands so pre-eminently foremostamong n
Having observed and studie

this question ?
at we can look to our
and advantage in regard
r respects in which she
ationsin the scienceof government,
d this question for years, my conviction
is that before any system is crystallized into Jaw we ought not only to
avail ourselves of England's experience, but the experience of all other
leading countries and of the foremost states of the American Union where
tmproved modern methods have been adopted should first be obtained,
ind placed as far as possible before our people by the aid of public
meetings, which should be held in €very county and township to discuss
the most suitable method for each locality, an1 upon the result of these a
ger.eral system may be devised. Caution, however, is very necessary, as

this n
the a

N
the e
was |
availa
Janua

I
addin
better
the p
if the
smalle
also g
roads.

I
they a
also di

N
import
in the

R
in Eng
paid fc
Passin,
not su
seers,
buildir
in man
and ca

A
the cot
materiz
necess:
called |
orders

In
in the
side of




English
n some
> county
1 which
5 are in
nanage-

oval of
after in
€ most
he first
rdinary
but an
unt of
amage.
inually
1ediate
e able
are of

ortant
vhich,
to the
»bject
1ge of
tion ?
0 our
egard
she
nent.
ction
ly to
ther
here
ned,
1blic
cuss
Se a
/, &S

I'HE

MAINTENANCE OF ENGLISH ROADS. 31

this matter should not be hastened until public opinion is quickened, and
the agriculturists especial'y become ready to handle it in earnest.

Such a movement, [ am glad to state, has already been planned by
the executive board of The Ontario Good Roads’ Association, where it
was proposed at the meeting held lately in Toronto to send the best
available speakers on this subject to address the farmers’ institutes in
January.

I 'am well aware that at present the farmers generally are adverse to
adding any further burden of taxation, and it must be fully shown that a
better system need not prove heavier, but rather less burdensome, than
the present wasteful and inefficient statute labor system, more especially
if the English income tax method were adopted, as the man who has the
smaller income need not pay so much as the man with a larger one, who
also gets proportionately with his large business more benefit from improved
roads. :

During the summer the clay roads of this district are excellent, but
they are almost impassable during the rainy seasons of spring and fall, and
also during an open winter,

MR. S. M. JoHNSON-—Mr. Van Buskirk’s questions touch upon some
important matters which have received but little notice, or been omitted
in the paper.

Regarding the salary of the county surveyor no fixed rule is followed
in England, as the size of the counties and responsibilites vary, and he is
paid for his services according to the work he is called upon to perform.
Passing to the local surveyors, it must be remembered that these men are
not surveyors in our sense of the word, but are simply inspectors, or over-
seers, who have received a thorough knowledge through practise of road
building and maintenance. These men are paid about $500, a year, and
in many counties they receive an allowance for the maintenance of a horse
and cart, as it is in this way that they inspect their district.

As to the respective duties of surveyors in purchasing material, etc.,
the county surveyor prepares an estimate each year showing quantities of
material and labor required for the following year, and appropriation
necessary to carry this out. When sanctioned by the council, tenders are
called for the material and cartage, and, as required, the county surveyor
orders from the accepted tenderer.

In regard to the management of water after leaving the road surface,
in the open country a well-kept open ditch is maintained upon one
side of the road, at least, and this empties into the nataral watercourse at
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the most convenient point . The “ General Highways Act ” of 1835 granted
the authorities power to seek an outlet through the adjoining property to
the watercourse, the owner being compensated for any damage caused,
'he same act also provides that if any watercourse be obstructed the sur-
veyor shall order the occupier of the land to clear
comply the work may be done by his own men.,

it, and if he does not
As the road approaches
a village or town, covered drains take the place of the open ones.

Where the subsoil requires drainage beyond that given by the side
ditches, drains are laid with open-jointed pipes, these often taking the form
of mitre drains ; that is, they meet in the centre in the form of a V, and run
with an inclination of atout 1 in 100 towards the side ditches in the
direction of the fall in the road.
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VICE-WORK

By G. M. CAMPBELL, '96,

Under this heading will come all operations by the machinist which
are not included in the work done by machine tools.

The man who performs vice-work is generally known as a vice-hand
or fitter; he should have a good mathematical education, and should, of
necessity, be a man of good natural ability, for new classes of work, new
ideas, original designs, are being continually brought forward, and for
these the workman has always to be prepared.

The number and variety of tools that a fitter requires is quite limited,
but the number it is advantageous to have is not.

Among the necessaries
are an ordinary two-foot rule, a

twelve-inch scale, divided on one edge
into sixty-fourths, two or more pairs of outside, the same of insid.

callipers,
compasses, surface

gauge, spirit level, scriber, and trysquare.  Other
handy tools are a pair of compass-callipers, or, as workman say, a pair of
“morphodites,” bevel, centering, box, and T squares,
thread gauge, pair of trammels, plumb-bob, and

addition to these tools a fitter should h

Imuuming gauge,
many others. In
ave or have access toa bench-
vice, hand-vice, hammers, chisels, punches, drifts, files, file-c

ard, scrapers,
hacksaw, taps and dies, reamers, surface pl

ates, straight-edges, etc,

It is thus easily seen that the term “vice-work ” is of the widest
significance. It includes, besides the direct treatment of the work by
chipping, filing, scraping, polishing, etc., the proper use of all the various
hand tools and instraments mentioned ; the lining and marking off of
them for further manipulation ; the
final fitting and erecting into one symmetrical whole
the simplest or most complex machine.
ments the present paper will take up v

the writer deeming it better, in such a short paper, to touch somewhat
definitely on a few main points than to skim vaguely over the whole wide
subject.  Attention will therefore be mainly directed to the form and

general use of the vice, hammer, chisel, file, and scraper.
3

articles of every description, to prepare

the various parts of
But of these various require-
ice-work in its most limited sense,




VICE-WORK.
VICE.

Of necessity, the first thing that has to be looked to is the vice.
One of the best forms in the market to-day is that patented by Entwisle
and Kenyon, Fig. 1. These vices are on a swivelling base, so that they

Vi) PPN
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can be swung round and locked in any position, usually by a large winged
nut underneath the bench.  The jaws #re steel-faced and are parallel in
all positions ; the front jaw is part of a sliding box which may be easily
hauled out and in when the handle, or rather lever, is vertically upward.
The locking device is quite simple ; in the body of the vice above the
sliding box is a rack with fine teeth, eight to the inch, pointing to the
back ; the handle is fastened to a rod, extending the length of the sliding
box, pinned at the back end to prevent its abstraction and to prevent it
making more than three-quarters of a turn, and on this rod toward the
back end is an eccentric running spirally or screw-wise around it ; on the
eccentric rests a short tootued steel piece, the saddle, shaped beneath
to fit the slant sides of the eccentric. When the handle is up, the saddle,
the teeth of which point to the front, is just clear of the rack teeth ; as
the handle is lowered, the saddle is raised, the teeth engage, then the
screw motion of the eccentrics hauls the jaw firmly to its grip. The
usual closure is about one-eighth of aninch. To grip any article, raise the
handle with the right hand, haul out the sliding box with the left, place
the work in position, push in the jaw till it presses against the work, then
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rapidly lower the handle and the work is firmly and quickly gripped. For
rapidity and ease of action and firmness of grip this vice has r.o equal,
for with one-half turn of the handle an article of any size, large or small,
can be securely seized.

The height of the vice from the floor depends much on the class of
work that has to be operated upon ; if heavy, it should be low: if light, high.
A good average height is to have the jaws of the vice on a level with the
workman’s elbow ; usually, however, the height depends solely upon the
height of the bench, which should be about thirty-three inches.

Of the ordinary vices, those with a sliding box are better than leg-vices
where the front jaw is long, acting with hinge motion ; therefore, its jaws are
parallel and vertical in one position only. For heavy irregular-shaped work
the latter, however, acts very well.

To prevent injury to the surface of the work from the hard and rough
jaw vice-clamps are used, made of copper, for holding iron, and of leather
or lead for brass or any delicate piece of work. The copper clamps should
be of one-sixteenth inch annealed sheet copper, shaped by the hammer to
fit neatly over the vice jaws ; the jaw part of the lead clamp being about one-
half inch thick. For holdingarticles of special shape various attachments
are used ; thus, for holding a taper cotter, a piece of iron, straight on one
edge and rounded on the other, is pivoted to a piece of copper which fits
over the back jaw of the vice (Fig. g), the cotter beds itself against the

forward jaw and the straight side of the vice-strip, which then readily

adjusts itself against the fixed jaw by reason of the rounded side. An

excellent way of holding small screws or other articles is made by con-
necting two pieces of iron or copper by a spring (Fig. 10), the pieces being

Fig 10

provided with a flange to rest on the top of the vice j

aws, and having in
the face of each, vertically, round and squ

are grooves of different sizes,
The spring keeps the pieces slightly apart until the jaws of the vice
tighten upon them.
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HAMMERS.

Hand hammers are divided into two classes, (a) chipping and rivet-
ing, and (4) pening. In the former (Fig. 2), one end is cylindrical in

shape, the other, hemispherical ; the first for chipping or driving, the
second for riveting ; while in pening hammers the round knob is replaced
by a long narrow edge, either straight or rounded in its length, the edge
being either at right angles or parallel to the line of the handle, the
former being much the better. Hammers vary in weight from 6 to 30 oz.,
according to requirements. One for general work should weigh about 21
oz, having a handle 13} inches long, inside the head. The proper
dimensions of a hammer of about that weight are: length over all, 4}
inches ; length of face end, { inch ; diameter of face, 1] inches; length
1

inches ; thickness at eye, 1} inches; the pene, I inch in

' ¥

of eye, l,'_.
diameter. The face of the hammer should be slightly convex, with
rounded corners.

A hammer weighing 28 oz., with 15-inch handle, is very serviceable
for heavy chipping or driving. In fitting the handle, it is most important
to have it stand at right angles to the axis of the hammer head (see Fig. 2),
and to have its oval true with the axial line, otherwise erratic hammering is
sure to result, with injury to the hammer, the work, or the workman’s
fingers. 'The operation of pening is much resorted to to straighten articles
which have become bent, or to bend pieces of work to give them a
different shape, as shown in Fig 3. It coasists in hammering the skin of

Fig 3

the metal, thereby lengthening it. If a straight piece be hammered all
over one side, it becomes convex on that side; if a curved piece be
hammered on the convex side all over the surface, the curve bends to a
smaller radius, but, if hammered on the inside, to a larger radius. Ham-
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mering in one place, instead of all over the surface, will produce a sharp
instead of a uniformly curved bend. The amount that cast iron can be
bent is considerable. The hammer should not, in general, exceed 8 oz.
in weight ; and, in hammering, most of the motion should come from the
wrist, as much more depends on the number than the force of the blows.
When pening cast iron, it is best to rest it on a narrow surface of iron,
always taking care to have the article bedding well when being pened.
Articles of other material are best done when resting on wood. When
any article has been pened, as little of the surface as possible should after-
wards be removed, for, otherwise, the results of the pening may be
destroyed.

Riveting is generally performed by the machinist upon cold metal,
and can best be described by an example. A crank pin has to be riveted
to the crank (Fig. 4), the crank first being countersunk on the back (a

4

e —

narrow and deep countersink will hold much better than a wide and
shallow one), and the pin, which should be s|

ightly longer than the thick-
ness of the crank, should be recessed.

Stretch nearly the whole end of

anting direction from the centre
to the circumference, thus forcing the metal outward.

hammered symmetrically, Z.e.,

the pin, deliver the hammer blows in a s

The pin should be
first on one side of the centre, then on the
other, which will prevent its being thrown out of true.

The round pene
of a light hammer should be used, but the we

ight of hammer varies with the
weight of the article operated upon.  The article to be riveted should
rest firmly on a solid bed, such as an anvil, a piece of copper being inter-
posed if the work is liable to be injured by the contact.

Hammers are used for driving, straightening, and stretching. In
driving, a sharp, rapid blow is much more effective than a slowe

r one with
the same momentum :

for example, in loosening a key from its seat, unless
the blow produces the desired effect, it simply makes matte

swelling the end of the key ; in stretching,
slower “dexd” blows act better
depends on circumstances,

rs worse by
as in pening and riveting,
» while in straightening the kind of blow
slow blows with a fairly heavy giving good
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.

results. When using a hammer, to get a maximum amount of work from
it, hold it, at the end of the handle, somewhat freely, by no means grip
it, give plenty of motion to the wrist and fingers, so that when the
hammer is drawn back the pene all but strikes the workman’s elbow ; let
the force of the blow be mainly derived from the forearm.

CHISELS.

Chisels are of all sizes, from a small one driven by a four-ounce
hammer to a large one driven by a fourteen-pound sledge ; but for all
ordinary sizes and shapes three-quarter-inch octagon steel is used.
These chisels are of various shapes —flat, side-cutting, cope or crosscut,
keyway, round-nosed, cow-mouthed, diamond-pointed, oil-groove, and
draw-chisels, and many others.  The greatest of care should be exercised
in tempering chisels, for the work required of them is considerable, the
temper extending for half an inch or more from the cutting edge, and
being in color from a yellowish brown, for light cuts on hard steel or iron,
to almost a blue, for heavy cuts on wrought iron; a dark red makes a
very serviceable tool. However, the Society is to receive, soon, a paper
on the subject of tempering, when the matter of tempering will be fully
dealt with,

Fig §

The flat chisel (Fig. 5) is the one most used, and should be made
shorter than is usually the case, 6} or 7 inches being quite long enough. 1Itis
tapered for from 3 to 33 inches of its length, and is about % or % of an
inch thick near the point,and about { of an inch wide. The facets forming
the cutting edge should be flat, not rounding, so as to form a guide to main-
tain a proper depth of cut. The angle of the facets to one another depends
on the material and on the heaviness of the cut ; the lighter the cut, the
more acute the angle ; the tougher the metal, the greater the angle. In
general, 65° to 60° for cast steel, 60° to 55° for wrought iron, 55° to 45°
for cast iron, and 45° to 35° for brass and copper ; the facets being ground
at an equal inclination to the axis of the chisel. The cutting edge should
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be very slightly rounded in its length, nearly straight in the middle, slightly
more rounded close to the corners. The rounded edge gives increased
strength, as the corners are not so apt to break off; but, if the edge is
quite straight, better and smoother work can be done ; a chisel with a
straight edge is, therefore, used to advantage whenever there is clearance
to its corners. The edge should be carefully ground parallel to the flats,
and perpendicular to the length of the chisel ; for, if not, in the first case,
the chisel would cut deeper at one side than the other, and, in the
second, it would be apt to jump sideways after each blow.

ig 6

A side-cutting chisel (Fig. 6) is a slightly altered form of flat chisel ;
the taper is all on one side, as is also the grinding for the facet angle,
while the other side of the chisel is nearly straight, being bevelled very
slightly only for about 1 of an inch from the cutting edge. This tool is
used very much for cutting down the side of holes, such as the cotter holes
in a connecting rod.

Fig 7

The cope or crosscut chisel (Fig. 7) is for cutting narrow channels
across any surface ; it is, in length, about the same as a flat chisel, drawn
out somewhat heavier, 7.e., the taper is shorter. The cutting edge is
usually about } of an inch wide, and the cutting angle slightly greater than
in the case of the flat chisel, the bottom facet being at a less angle than
the top to the axis of the chisel. It should be widest at its cutting
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edge, decreasing very slightly the first ! of an inch, and, after that,
more. The first } of an inch guides the chisel, yet, at the same time,
allowing it enough motion sideways to permit its being properly directed.
Itis even more particular in the case of this chisel that the cutting edge
be ground properly, as it should be at right angles to the flat sides and to
the line of the chisel.

Keyway chisels are special sizes of cope chisels, and are of fixed
widths, usually ., of an inch less than the width of keyway required. The
greatest width that may be used to advantage is about $9 of an inch, 5ty
for a %-inch keyway ; keyways of greater width being made by two or
more cuts of a narrower chisel.

Fig 8

The diamond-pointed chisel (Fig. 8) receives its name from its shape.
The steel is drawn out till almost square at the point, then bevelled from
corner to corner, the point being usually on a line with a side of the tool,
and the two sides forming the cutting angle should be about 85° to each
other. This chisel is used for cutting out square corners in a round hole,
for cutting a heavy iron pipe in two, or a thick sheet of metal, etc.

The other chisels are governed in shape by the same general
principles ; their use is known from their general appearance ; for example,
the oil-groove chisel is a round-nosed narrow chisel, curved in its length,
which adapts it for use on the curved surface of bearing brasses, etc.
When any article has to have a cut taken off one surface, the operation
should be performed as follows : —Mark the line to which the cut has to
be taken, and bevel the edges all the way round with a chisel, finishing to
the line with a file, which will prevent the metal breaking away at the
edges; next groove the surface, almost to the lines, with a crosscut
chisel, leaving % of an inch between the channel, and then remove these
ridges with a flat chisel, in at least two cuts if on cast iron, for, in taking
a heavy cut on that material, the iron is apt to break away below the line
of cutting. On wrought iron, use a little oil on the end of the chisel.
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When taking a light cut or using a narrow chisel, hold the chisel
well to its cut, 7.e, keep its cutting edge always against the metal and the
shaving ; but in heavy chipping, with a flat chisel, a *“ rebound motion ” is
best, 7.e., after every blow of the hammer draw the chisel back a little, then
forward again before the next blow, just as if it rebounded under the force
of the blow ; in this way one can watch better the cut being taken, and can
always ensure the cutting edge being properly placed in regard to the
chipping.

When chipping stand well in front of the work, so that the hammer
acts as nearly as possible in a vertical plane. Hold the chisel loosely ;
a beginner has to be told this but once, for he soon finds out by experi-
ence that if he grips the chisel like a handspike and happens to miss the
end of it with his hammer onerous consequences follow, while if he held
it freely the hand would give before the hammer, and little damage would
result.

FILE,

After the chisel naturally follows the file, the proper use of which is
of the greatest importance. Files are cither hand cut, 7.e.,, cut by hammer
and chisel, or machine cut, the former being much superior,  The
objection to machine-cut files is an odd one, the teeth are too regular,
thus causing the file to cut in grooves. A file is fully described when its
length, “cut,” fineness, contour, and cross-section are known.

The Zength is measured exclusive of the tang. Hand files are rarely
less than 1} inches or more than 20 inches long ; their length does not,
in general, bear any fixed relation to their width or thickness.

In “cut,” 7e., the way in which the teeth are placed, a file is single,
double, or rasp (the last is but little used, and so need not be taken
account of), The single-cut file is one in which the tooth extends the full
width of the file, being cut by a single course of chisel cuts each parallel to the
preceding, all inclined at an angle to the central line, varying from 5°, on
brass, to 20°, on harder metals. Double-cut are those having two courses
of chisel cuts, one crossing the other ; the first, the “over-cut,” is inclined
at from 30° to 50° to the central line, up to the right ; the second, the
“up-cut,” at from 5° to 30° to the left, the lesser angle giving the better
satisfaction ; the up-cut is usually slightly finer than the over-cut. Single-
cut files are used in all lathe work, and at the vice in filing any narrow
edge, and for draw filing on soft metals. Half-round files are usually single-
cut on the round side, as are also round files, the edges of flat files, etc.

=T oy~
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Double cut are by far the most used ; they cut faster, easier, and smoother,
and are suitable for any description of vice-work. The teeth on a double-
cut file are, approximately, diamond pointed,

In fineness, files are divided into six grades, rough, middle, bastard,
second-cut, smooth, and dead-smooth ; the distance between the teeth
in each case altogether depending on the size of the file, the teeth of some
dead-smooth files being so fine that the eye finds it difficult to distinguish
the lines ; and yet these are cut by hand, the finest coming from Switzer-
land.

As to contour, i.e., the general outline, files are parallel, equalling or
bellied, and taper. Parallel files, 7.c., those of the same diameter or thick-
ness from end to end, are but little used; occasionally long square

parallel files are of service, as, for example, in filing out a long keyway ;

but the great trouble with these, and, in fact, all files, is to keep them from
warping in the hardening ; the variation from straight is more noticeable,
however, in parallel files. Equalling or bellied files are by far the best
for general purposes, for, as these files are slightly thicker and wider at the
middle than at either end (the more even the curvature, the better the file),
it is comparatively a simple matter to obtain a flat surface. Nearly all
“flat ” files are equalling. Taper files are those which have a marked
difference in thickness and width at the centre as compared with the ends,
especially the point, and in this class are included most round files and
many half-round and square, and also all triangular files.

In section, files are flat, square, triangular, round, and half-round.
A flat file is one of any rectangular section other than square, The other
terms are self-explanatory. Square files are usually double-cut and well
bellied, one edge usually being made a safe edge. The square files and
round, generally used, are bastard-cut. Small round files, } of an inch

and under, are called rat-tails.

There are many other specially shaped files other than those men-
tioned, but they do not come much into use in a machine shop.

‘I'he flat bastard file is the general-purpose file of the shop, any coarser
grade being used on soft metals alone or on very large work. For heavy
filing, a 14-inch file is used, while for lighter work a 12-inch one is quite
large enough. Unless the work has to be polished, the bastard file will usually
answer, for any good workman can file quite smoothly with it ; a second-
cut is, however, used in preference to a bastard when the material is
unusually hard, the two finer grades of files being used chiefly for polish-
ing.  When the surface to be filed is wider than the length of the file, a
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surface handle is used which fits over the top of the file, the tang fitting
into a dovetailed groove in the back end of the handle (see Fig. 11).

Fpll

= AN

Whenever it is necessary to use a file in a corner, one side of which
must not be injured, a “safe edge” is put on the file, 7.e., the teeth are
ground off ; in this way a good square corner may be obtained. Some-
times the edge is left uncut, but in that case also the safe edge should be
reground. When the file is pushed end-wise the operation is called
“cross-filing” ; and when it is move ! in a 'ine at right angles to its length,
it is termed draw-filing. In heavy cross-filing the file should be held so
that the handle presses against the palm of the right hand, thumb on top,
while the left hand presses down on the point of the file, the ball of the
hand on top, the fingers underneath. If, however, the file is thin, the
point should be held with the thumb and one or two fingers, the fingers
being nearer the point than the thumb, which exerts a downward pressure,
an upward pressure being applied by the fingers underneath, thus tending
to make the file convex on the bottom side. As any file can cut on the
forward stroke only, remove all pressure from it on the return stroke ;
otherwise the teeth are apt to break off. For heavy cross-filing the
workman should stand well off from his work, feet wide apart, left foot
forward, and with each stroke of the file relieve the left foot of all
pressure, lean forward, and thus make the weight of the body aid in
pushing the file. At the end of the stroke the left foot should receive
the weight of the body till the workman has regained his position ready
for the next stroke. In all cross-filing, no matter for what purpose, the
file should be given considerable lateral as well as forward motion,
better results being obtained when it is from right to left, for the file cuts
better, and there is less injury to the teeth, but the file marks should cross
and recross each other every few strokes. In filing any narrow surface
the file should be applied very diagunally. The beginner will find it an
exceedingly difficult matter to file fa, for, despite his best efforts, he will
find that he has, even on a surface three inches wide, considerable
curvature. The reason of it is evident: certain pressures are applied at
each end of the file, therefore as the file advances, if the pressures are
maintained, the resultant of all the forces is continually changing its
position, thus causing the file to dip first on one side, then on the other,
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the result of which will be a curve which by no means confocims to the
equation y =mx+¢.  To counteract this, the pressure exerted by each
hand must be continually altered, the one decreasing as the other
increases. No amount of explanation can, however, make a man file flat.
It is an accomplishment in which one can become proficient only after
considerable experience.

Draw-filing is employed for two purposes: first, to ensure a much
better fit than can be obtained by ordinary cross-filing ; and, secondly, to
finish the surfaces more smoothly, so that they may be polished. Before
draw-filing any article, first cross-file it with a file not coarser than a
second-cut. The greater accuracy obtained from draw-filing arises from
the fact that it is possible to remove metal just where desired; the
curved form of the file allowing it to rest just where it is wanted, and
strokes of the proper length can, of course, be given. Thus choose a
well and evenly-bellied file, run your eye along the edge, noting the place
of greatest curve. Apply that part to the work, grasping the file at each
end, independent of the handle. Use short strokes, and when draw-
filing in preparation for polishing use light pressure, relieving the file
entirely from pressure on the return stroke. Very great care has to be
taken to prevent the file “pinning,” 7.e., getting the cuttings locked in the
teeth, and thus causing scratches. As a cause for pinning, long strokes
and failure to remove the pressure on the back stroke are most conducive ;
therefore avoid such. Keep the file flat on the work, not tilted to one
edge, except for rapid first touches, or when perfect freedom from
scratches is not a necessity. After every few strokes clean the file by
lightly tapping it on the back of the vice, and occasionally with a file
card, and at the same time blow off the filings from the work, or wipe
them off with a clean piece of waste, but by no means use the hand for
the purpose, for it puts a scale on the iron which it is diffcult to make
any but a new file touch. As another preventive of pinning, the surface
of the file is rubbed with chalk ; this causes the file to cut smoother, but
not nearly so rapidly ; the file has to be as frequently cleaned as before
and re-chalked. The file card is brushed along the line of the teeth, so
that the wire may reach the bottom of the grooves. To remove any pins
which may get in the file teeth, use 2 piece of sheet brass, or wire
flattened out, which, after being shoved over the file a few times, gets
teeth cut in it, which easily dislodge the objectionable cuttings or dirt.

When draw-filing in preparation for polishing, it is best to make the
file marks cross and recross each other, and, if possible, across the grain
of the iron. The subject of polishing is a wide one, and cannot be
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entered upon here, but, in general, for very fine work proceed as follows :
After preparing the work with a bastard or second-cut, cross-file, then
draw-file it with a smooth file, then repeat the operations with a dead-
smooth one which has been considerably used, and then finish the surface
with emery cloth, either dry or with oil.

When it is necessary to use a round or half-round file, choose one
well tapered or bellied, and of a curvature in cross-section less than the
curve to be cut. When cross-filing with either of these files give them a
side sweep as well as a forward motion, this is given by gradually twisting
the wrist ; the sweep should be first from right to left, and then from left
to right.  Avoid, as much as possible, draw-filing with a half-round file,
for the teeth are rarely cut accurately enough, and scratching is sure to
occur ; but if draw-filing is resorted to, slightly rotate the file at each
stroke, and give it a little end motion, the marks crossing and recrossing.

Hold all work as close to the vice jaws as possible, and in such a
position that the file acts in a horizontal plane.

To get a maximum amount of service from a file, it should be used
first for copper or brass, then, when too dull for these, on wide to medium
surface of cast iron, then on wide to medium surface of wrought iron, and,
finally, for any other purpose. Also, to increase the life of a file, be careful
always to use first an old file until the hard scale is removed ; on any
hard spots use the edge of the file.

Well, so much for the files and filing ; let attention be next directed to
SCRAPERS AND SCRAPING.

Scraping is the third graded step in localizing abrasive action, and
with the use of the scraper an almost perfect surface or bearing can be
produced.  Scrapers may be divided into two cla . : those for flat
surfaces, and those for round or curved surfaces. Of the first class there
are two main forms, each claiming superiority ; they are, first, the ordinary
straight scraper, straight throughout, made from a flat piece of steel ;
and, secondly, a scraper with the cutting edge on a part at right angles to
the rest of the tool, Fig. 12. Of these twe the writer prefers the former ;

L 72

it will cut faster, truer, and, if carefully ground, just as smoothly as the
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other ; its operations are much more easily watched and guided, and it
can be made and sharpened with far less trouble, and for one sharpening
presents two cutting edges, while the second form has but one. As good
a scraper as desired can be made from an old flat file drawn out, from
which the teeth have first been carefully ground, for otherwise it would be
apt to crack in the hardening or scratch afterwards. Scrapers should, of
course, be made as hard as fire and water will make them, and for not
more than } of an inch from the point. The width of the straight scraper
at the point should be about I of an inch, its thickness % of an inch,
thickening gradually up to the butt, and its length should not exceed
7 inches exclusive of the handle, for which an ordinary file handle will
answer. The end of the scraper should be sharpened on the side of an
emery wheel, being made almost straight in the length of the cutting edge.
Each cutting edge, which at first contains an angle of go°, should be care-
fully oil-stoned to contain an angle of about g5°; this is done to
prevent the scraper ‘‘ chattering,” as it otherwise would do. The scraper
bent at the point has the front face at an angle of from 80° to go° with the
top of the scraper, and the bottam face at a considerable angle, say 75°, with
the front ; the angular projection should not exceed } of an inch. (See
Fig. 12.) When scraping, grasp the scraper firmly, for considerable pressure
has' during the first processes to be used, and, as in the case of the file,
relieve the pressure on the back stroke. Short strokes crossing and
recrossing each other should be employed. When planer or file marks
have to be removed, scrape diagonally across them, and it is advisable
always to give lateral as well as forward motion, as the scraper will cut
faster and smoother.

When work has to be scraped flat, a surface plate is necessary ; it
should be of a comparatively thin plate of cast iron, heavily ribbed, and
should be supported at three, and only three, points. To use the plate,

)

“marking ” is required, which is usually red lead, mixed to a thin paste
with lubricating oil. (Venetian red is better, but is more expensive.) The
marking is usually applied with an old rag rolled over and over, and tied
with a string so as to form a kind of brush ; but when the coating has to
be very thin, the palm of the hand should be used. The amount of
marking required depends upon the fineness of the work, varying from a
thick coating for testing chipping to an almost imperceptible amount for
fine scraping; if much red lead is employed for scraping, it is impossible
to obtain a true surface. So by no means believe in the maxim, ‘ Much
red lead makes a good bearing.” Have the marking evenly spread over
the surface of the plate. If the work is large, the surface plate should be
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applied to the work ; but, if not, the work should be applied to the surface
plate. Take the article which is to be operated upon, and plane or file
it to as flat and smooth a surface as possible by planing, or cross-filing.
If a file is used, the work could be frequently tested with a straight-edge,
applied to various parts, and then the work is laid on the surface plate to
see if there is any “rocking,” which should be removed with a file.
Next, with a scraper remove the surface of the metal almost to the bottom
of the file or tool marks, using short strokes, as mentioned before, crossing
and recrossing each other ; then laying the work on the surface plate, and
holding it somewhere near the centre, move it lightly about, rotating it at
the same time. The higher spots will be marked with the red lead ; the
darker the spots the harder the work bore upon the plate. Scrape the
work when necessary, 7.¢, whenever the marking shows, removing most
metal where the spots are darkest ; again lay it on the plate, and again
scrape where required. These operations have to be repeated over and
over, till the job is complete. Any well-scraped article presenting about 12
square inches of surface should be able to lift up by surface contact alone
a 45 Ib. surface plate, each having been rubbed with the hand until
almost quite dry.

If the work is held in the vice, be most careful to so hold it that the
pressure of the vice jaws does not throw it out of true, and it is remarkable
how little pressure is needed to hend even massive castings ; for example,
a surface plate supported at four points can easily be proved to bend in
several ways, merely from its own weight, according to which three of the
four feet are acting ; of course the deflection is small, but still quite per-
ceptible ; this is a fact not generally noticed.

If work has to be scraped where a surface plate cannot be con-
veniently applied, other methods have to be adopted ; for example, in a valve
seat, first scrape the valve to a perfect surface, and then true the valve
seat, using the valve as a surface plate.

When scraping wrought iron, steel, or brass, use a little water, by
which scratches or chattering are greatly avoided. With brass the cutting
edge of the scraper should contain an angle of about 100°.

When it is desired to scrape the inside of a hole or the inside of any
curved surface a half-round scraper is employed, which is made usually
from a half-round file drawn out to a point, and then slightly and evenly
curved on its flat side, having a little more curve than a well-tapered ten-inch
square file; too much curve will cause chattering. The cutting edges are
alongeach side,and form an angle with the flat side of about 75 or 8o degrees.
The scraper should be hardened “right out,” then carefully ground and
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honed. The scraper should be given a twisting motion, under con-
siderable pressure, and at the same time end motion either inwards or
cutwards.

The triangular scraper, usually made from a three-cornered file,
ground to a point, is used in holes of small diameter or on other small
curves, and is worked similarly to a half-round scraper.
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THE COUNTRY ROADS OF ONTARIO

By Joun A. Durr, B.A., GraD, S.P.S.

The following paper has grown out of what was origin

ally intended as
a discussion on Mr. Johnson’s excellent paper on “ The

Maintenance of
English Roads.” My object was to supplement his pape

r by showing to
what extent the system which h

as produced such good results in England
would be applicable to the conditions prevailing in Ontario

y and how
nearly we nay expect to

approach in our own country roads the perfection
of the English highways.

It was thought, however, that as this was a subject of personal interest
to all the members of the Society, it would be well to give full opportunity
for discussion by publishing these remarks as a separate

paper. This
decision having been arrived at, I have

in(‘m'p()r:lm(l Some new matter and
recast the whole, but without losing sight of my origin

al purpose ; and, as
every paper must have a title, this has been called

THE COUNTRY ROADS OF ONTARIO,

At certain seasons of the year, most of our country roads are very

bad ; some of them are bad at all seasons. Being nearly all earth roads,
with no more grading than was incidental to the construction
ditches, the quality of the road in each case depends in a gre
upon the nature of the soil and season,

of side
at measure

This is a very primitive state of things ;

; and it is not surprising that
travellers, and especially wheelmen, who have walked through sand ankle

deep, or toiled through clay which only needed underdraining, or jolted

over some neglected corduroy, should complain of the condition of our
roads and demand their improvement,

But, all things considered, are they not much bette
than might have been expected ?
4

r instead of worse
It is not many years since they were
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hewed out of the forest. The road allowances went up and down hill,
over swamps and streams, following the lines run by the surveyors, without
any regard for the two cardinal principles of road location—economy of
construction and convenience of travel. This great mistake made the
construction of the roads exceedingly difficult in many localities, and has
added enormously to the cost of maintenance, to say nothing of the com-
fort and the beautiful picturesqueness which a level winding road affords.
This system of road allowances may have been convenient in the arrange-
ment of farms, but in the hilly country it was fatal to the interests of good
roads. And would it not have been a more sensible plan to have laid out
the farms with regard to the configuration of the land, instead of having
them contain a fixed number of acres? How often do we see a narrow
strip of land sepairated by nature from the rest of the farm, which would
be much more valuable if belonging to the adjoining property !

If a more scientific system of road location had been adopted, the
problem of road improvement would be much less difficult and less
urgent than it is to-day.

Much could yet be done to retrieve the blunder by closing up
unnecessary roads, opening out new roads, and making deviations in
difficult places.

On these road allowances the pioneers were left to build and main
tain roads in the intervals between the clearing of their fields. The roads
were only beginning to show the labor which had been done upon them
when the era of railway construction began, and they were called upon
to build railways instead of highways to connect them with the world
outside. They could not well do both.  They chose to develop the rail
ways in preference to the highways, but the liberality with which the
railways were bonused shows that the farmers appreciate the advantages
of good avenues of transportation, and will not be content with bringing
the world’s market to the nearest town, but will complete the work by
bringing it to their own doors.

Now that the province is well supplied with railways, public attention
is turning towards the highways, and a few years will see a great improve-
ment in them, unless the electric railway promoters persuade the farmers
to build trolley lines instead.

The agitation for the improvement of the roads has already taken
definite shape, and in February last the Ontario Good Roads’ Association
was formed. The report of their meeting, published by the Ontario
Department of Agriculture, shows that, though few definite conclusions

P sk <

were
Cussi

statu
and
syste

Onta

main
for sc

and |

i
variet
road :
withot

I\
of the

no att

A
place |
ing ou
master
with e:
warn t
tile dr:
soakag

Su
Cinsing
asina
IS nevel
by proy
it or sir
is nothi
A firm,

hinders




wn hill,
without
nomy of
ade the
and has
e com-
affords.
arrange-
of good
laid out
f having
L Narrow
h would

uIC(l, the

ind less

sing up

tions in

nd main-
he roads
on them
ed upon
he world
) the rail
hich the
Ivantages
bringing

work by

attention
improve-
e farmers

1dy taken
ssociation
 Ontario
nclusions

'HE COUNTRY ROADS OF ONTARIO., g

5I

were arrived at, some valuable papers were read, and much profitable dis-
cussion took place.

The feature of the meeting was the vigorous attack made upon the
statute labor system. It was called antiquated and unscientific, obsolete
and semi-barbaric; but the association did not agree upon any better

system, nor upon the kind of road which is both desirable and possible in
Ontario,

The latter question should be decided first, because the system of
maintenance best adapted to one kind of road may not be the best system
for some other kind.

In most localities in Ontario the choice will be between Earth, Gravel,
and Broken Stone or Macadam roads.

EARTH ROADS.

The most prominent characteristic of earth roads is their infinite
variety, ranging all the way from a wagon track across a common to a
road as carefully graded and drained as for Gravel or Macadam, though
without a metal covering,

Nearly all the country roads in Ontario are Earth roads, and very few
of them are as good as they might be, the chief cause being that little or
no attention is given to underdraining,

An instance which has come under the writer’s observation is that of a
place near the foot of a hill, which had a very unpleasant habit of * break-
ing out” every spring. Some years ago, under the direction of the path-
master, the road at this place was paved with field stones, lightly covered
with earth. Last spring it was impassable, and a sign had to be put up to
warn travellers. It had “broken out” in a fresh place. A few rods of
tile drain, at a cost of three or four dollars, would have disposed of this
soakage water, and made the road permanently firm and good.

Such attempts at roadmaking are like trying to make a field dry by
closing up the spring holes. Water cannot be corked up in the ground
as in a bottle ; it will ooze out somewhere. A soil saturated with water
is never firm, and the only way to insure a firm roadbed is # keep it dry
by providing for the immediate discharge of all water which may fall upon
it or sink into it. For the proper maintenance of any kind of road, there
is nothing so important as that the foundation should be fizm and dry.
A firm, dry roadbed supports and drains the surface, keeps it firm, and
hinders the formation of ruts and holes, and (what is perhaps of greater
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importance in a climate like ours) almost entirely prevents the destruct ve
action of the frost known as “heaving.”

If the subsoil be clay, or not naturally dry, it must be thoroughly
underdrained. Deep side ditches will partially underdrain a narrow road,
but deep ditches are dangerous. A single drain of three-inch tile laid
down the centre of the road will generally be sufficient. The trench in
which the tile is laid should be filled in with gravel, sand, small stones, or
other loose material, since there is a danger of the clay becoming so com-
pacted as to be almost impervious to water, and thus prevent the proper

action of the drain. The cost of a rod of such a drain may be estimated

as follows :

o 11 RO T e 20 cts.
! cubic yard gravel . B el 1 Al it AT,
Labor. .. 15 Cts.

Cost of drain perrod........ 75 cts,

It would soon pay for itself in the difference in the cost of maintenance,
apart from any improvement in the condition of the road.

The advantages of easy grades are better appreciated than good
drainage, and many of our roads are well graded, though very few are
properly drained.

The work of grading has been rendered much more difficult by the
bad system of road location already referred to, and much time and money
has been spent in grading which might otherwise have gone towards drain-

ing and metalling.

GRAVEL AND MACADAM ROADS.

These roads should be graded and drained the same as Earth roads.
In fact, the only difference between Earth, Gravel, and Macadam roads is in
the character of the wearing surface.

For the economic maintenance of a metalled road, it is of great
importance that the foundation be made firm and dry by thorough under-
draining ; otherwise the metal will be continually sinking into the subsoil,
and will require frequent renewal.

Gravel or Macadam roads dry more quickly than Earth roads,
because they are harder, smoother, and yet more porous, and the water
runs into the side ditches or filters to the underdrains more readily.
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Broken stone is a harder and more unyielding material than gravel,
especially when the latter is moist, so that the Macadam road is better for
heavy traffic or wet weather. But if heavy loads in wet weather make ruts
in a Gravel road, the ordinary traffic fills them in when the road is dry ;
whilst if ruts form in a Macadam road the subsequent traffic only makes
them worse, and they must be filled in by day labor. This is an impor
tant consideration when comparing the cost of maintenance of a (
a Macadam road.

wravel and

A Macadam road is harder on the horses’ feet than gravel, and unless
in good repair is very rough and hard on vehicles, and much inferior to a
well-conditioned Gravel road.

Macadam roads ar: more expensive in construction and maintenance

than Gravel roads ; but where there is heavy traffic, or much wet weather,
and where ample provision will be made for thorough

maintenance, they
are more satisfactory in the end.

I'HE BEST ROAD FOR ONTARIO.,

In determining the road best adapted to any locality, the decision
will chiefly depend upon :

1. First cost.

>

2. Cost and convenience of maintenance.

3. Climate and soil.

4. Nature and amount of traffic.

5. Number of people directly benefited, and

amongst whom the cost
is to be distributed.

6. The average wealth of the community,
As a district increases in wealth and population, the traffic on the
roads becomes heavier, requiring a more durable

, if more expensive, road
metal, while

the cost of construction and maintenance becomes less

burdensome, and is not such an important factor in the calculations.

England is frequently cited as the country to be imitated in the matter of
roads, and it is argued that because the English have good Macadam
roads our roads should also be Macadamized. The weakness of this
argument consists in the fact that it can easily be shown that the condi.

tions upon which road construction depends are quite different in England
from what they are in Ontario.

In the first place, the climate is very different. The English climate
is wet, so wet that an English engineer, speaking of asphalt pavement,

TS o

XTI
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says, “Its one great fault of slipperiness, which requires it to be sanded
every morning, is made up for by its being clean, healthy, and durable.”

This shows the influence of the English climate on the roads better
than any tables of rainfall or humidity.

In England there is little frost and no sleighing. In Ontario there
are four winter months, during which the roads are frozen hard or covered
with snow, and five summer months, so dry that even an earth road is in
good condition. The traffic on the English roads is much heavier than
in Ontario, and a material which would not stand their traffic might serve
admirably for ours.

England is populous and wealthy, and the cost of construction and
maintenance are of minor importance. In Ontario, where each farmer on
one hundred acres is required to build and maintain about a quarter of a
mile of road, the first cost and the cost of maintenance are very serious
considerations.

In short, the English roads are in commission all the year, the
climate is wet, the traffic is relatively heavy, and the country is populous
and wealthy. Accordingly, the cost of construction and maintenance of a
Macadam road would be counterbalanced by its adaptability to wet
weather and heavy traffic. In Ontario the conditions are quite different.
A wet-weather road is needed only three months in the year, the traffic is
light, except in the vicinity of towns, and the population is so sparse
that the cost of construction and maintenance may prove a heavy burden.
In most cases the question will not be, *“What is the best road that might
be made ?” but, *“ What is the best that may be made with the resources
at our disposal ?’

In a paper on ““ The Improvement of Country Roads,” read before the
Ontario Good Roads’ Association, Mr. A. W. Campbell estimates the cost
of converting our present earth roads into good, well-drained Macadam or
gravel roads as follows—the material in each case being obtained within

five miles :

COST PER MILI

Gravel, width 8 ft., depth ¢ in............. v en il 334 00
Gravel with flake stone foundation, width 8 ft., depth

T | T R R R L 1,390 oo

Broken stone, width 8 ft., depth 7in ........ vs0s 1,8G0'00

He does not refer to the cost of maintenance except in the following
paragraph, which must be quoted full in order to be duly appreciated :
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“To illustrate how the above figures would apply to township muni-
cipalities, I have prepared an estimate of the cost of improving 175 miles,
being the road mileage at present maintained in the township of Yar
mouth, adjoining the city of St. Thomas.

75 miles, cost $1,800 per mile. . .$315,000 o0
Equal annual payments, 4 per cent., thirty years $18,216 45
Maintenance $20 per mile . 3,500 oo
Total yearly payment .......... $21,716 45

Present maintenance, including statute labor at
$1 per day sessssssererssens 1eses$ 0,000 00
................ 12,716 45
$21,716 45
“T'otal acreage in township, 70,000.
* Assessed value, ff;:,;oo,ooo; per 100 acres, $‘;‘(\'50.
“ Estimated actual value, $4,000,000.
‘* Extra rate required for annual payment, 434 mills,
“ Estimated increase in value of property, 10 per cent., $400,000.
“In constructing 175 miles of stone road 50 per cent., or $157,500,
would be expended for labor that could be performed by the ratepayers
this would be equal to $225 per each 100 acres,

“The roads would cost $315,000, of which $157,500 would be spent
in the township. The property would be increased in value

$400,000.
Taking these figures into consideration, the

township would be benefited
to the extent of $241,500 over and above the cost

of construction of the
roads.”

The annual cost of maintenance of a first-class M

acadam road at $20
per mile !!

With wages at $30 per month, it would require the
twelve miles of road to pay the wages of one man for e
year, so that, according to #kis estimate, one man, w
in the year, would be expected to rake and roll the
holes, replace worn-out culverts and road metal,
ditches clear, etc., etc., on twelve miles of road
he went along.

appropriation for
ight months of the
orking eight months
road, fill in ruts and
keep the drains and
, and make the material as

Even with this estimate for maintenance, Mr, (

‘ampbell derives his
large profit from a ten per cent, rise in the v

alue of the land. Judge
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Woods does better. He calculates how much cheaper it would be to
build a gravel road than to maintain an earth road for fifty years.

The following is from his paper read before the Ontario Good Roads’
Association :

“ Here are some figures that I have put together, and you can judge
of the result

“Let us take the case of the statute labor account of John Smith, a
ratepayer on a 2oo-acre farm, based on an assessment of 22 days, as may
be found in one of the adjoining townships to this town, applied as at
present on the ordinary earth road for so years, as against the borrowing
of, say, $90,000, wherewith to make 45 miles of gravel road the first year,
on the assessment of $1,000 for a 200-acre farm :

JOEN SMITH DR.
'o 22 days’ work for so years..... .....$ 1,100
50 years’ interest at 6 per cent.......... 1,683 $ 2,783
Say there are roo ratepayers, and they are,
like John Smith, giving 22 days each,
and you have at the end of 5o years,
with only the ordinary earth road. . ... 278,300
Cost of 45 miles of gravelled roads made in
1889 by borrowing................. 00,000
Interest at 6 per cent. for 50 years........ 135,000 225,000
Balance in favor of gravel road. .. $53,300

But if the assessiment be low it may get as high as 30 days, as it has

done. Let us put it in another way :

. 2
N

~

w
[o}
o

Statute 1abor A8 ADOVE . . i v o caves o on e
Proportionate annual instalment on deben-
tures for go,000 upon the 100 owners
of 200-acre farms at the rate of $r1,000
at 6 per cent, $12.63, to give good
gravelled roads in 1889, each $634.00 63,400

Balance 1in favor of debentures and

IBIRIMONE s s ve s v v e $214,900

with the use of a good gravelled road in 1889.
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“The London Free Press says of these figures : * Judge Woods places
the matter of bettering our roads in a clear, intelligent light, on purely
mathematical and financial principles.’”

The arithmetic is correct so far as the writer has tested it. But would
not even a good gravel road cost something for maintenance in fifty years ?
What would his good gravel road be like at the end of that time ?

\ false argument never benefits a good cause. Sooner or later, it will be
exploded ; and, if not, it does greater injury by giving rise to hopes which
never can be realized. There is no doubt that good roads pay, and that
municipalities cannot spend money more profitably than in judicious road
improvement ; but the advocates of good roads must depend upon more
substantial arguments than the “ purely mathematical and financial prin
ciples " quoted above.

With the exception of underdraining, which hinders the formation of
ruts and holes, and the destruction of the road by frost, the benecfits of
road improvement are not to be found in a decreased cost of maintenance.

['hese benefits are none the less real, but are derived from other
sources, such as increased economy in the marketing of produce and the
transaction of business, ability to do marketing at any season of the year,
and thus take advantage of high prices, the increased value in farm property
which always follows increased profits, and the pleasures and comforts
which good roads provide.

I'he cost of maintenance is much more difficult to estimate than the
cost of construction.  There are so many contingencies, such as storms
and floods, variation in traffic, and durability of material, that a close
estimate on maintenance is nearly impossible. It will also depend upon
whether the road is to be kept continually in as good condition as when
first constructed, or to be allowed gradually to deteriorate and be renewed
periodically. All estimates on maintenance should be based upon informa-
tion showing what has actually been expended upon similar roads, whenever
such information is obtainable.

In the county of York, some of the leading roads are Macadamized
to a width of ten feet, and maintained by tolls.  The following is an
abstract of the expenditure on account of maintenance on two o these
roads for the years specified :

T e e 2

e e s
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EXPENDITURE ON MAINTENANCE.

Vear Yonge Street Kingston Road
: (28%% miles). (13 miles).
18BA s ol chie s DIOBAS $ 3,473
-1y AR 7,275 3,530
F880 5 i ey 9,710 3,442
EBBN oo e 9,550 3,709
EBBR o b 7,546 3,994
B8O (s ey w 8,897 5,531
FBO8 .« viss rivis nissr TRTTO 4,295
2 [ (SIS A 12,077 3,591
{1 R ' 11,004 5,816
$90,052 $37,381
Average annual maintenance. .. $10,005 $4,153
Average per mile....$351 $319

The expenditure for 1892 was not obtained, but it is improbable that
it would materially affect the resylt.

There is probably more traffic on Yonge Street and the Kingston Road
than on other leading roads in Ontario, an1 the cost of maintenance
on other roads would perhaps be less. But, in view of the above figures,
the severity of our climate, and the cost of labor, $200 per annum seems
to be a low estimate of the cost of maintaining a mile of Macadam road.
If the original cost of construction were $16,000 per mile, and if half the
cost of maintenance went towards renewals, this would provide for the

renewal of the road metal once in sixteen years.

If all our roads were Macadamized to a width of eight feet, the owner
of one hundred acres would be required to pay about $400 on construc-
tion and $50 per annum on maintenance. This is more than the average
farmer can afford, and accordingly the roads would be ill-maintained and
go to ruin, like many of the Macadam roads which now exist in parts of
Ontario.

A gravel road does not require that constant attention and experienced
labor which are so essential to the proper maintenance of a Macadam
road. Being composed of a more yielding material, the ordinary traffic
rolls it smooth, more especially if the heavy traffic is carried on wide tires ;
as it wears smoothly, and if it wears out it is because the gravel is
pulverized or sinks into the soil. It never becomes rough and unendur-
able like a neglected Macadam road, and is generally better for driving

on than the earth at the sides.
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Mr. Campbell’s estimate of the cost of construction of a gravel road
is for a depth of nine inches. This depth would not be required, except
where the traffic was heavy, as on a leading road near a town. One and a
half cubic yards of gravel to the rod, spread to a width of eight feet and
a depth of about four inches, is common practice, and is sufficient for most
of our country roads.

If the road has not already been underdrained, this should be done
hefore the gravel is applied ; if not, the gravel will sink into the subsoil and
be lost.

The following is an estimate of the cost of draining and gravelling a
mile of road which has previously been ditched and graded :

3 in. tile drain, at 75 cents perrod.................. $165 oo

330 cubic yards of gravel, at 8o cents Per YArd ..o 000 264 co

Spreading and rollinggravel ...... ................. 15 00
) g8 J

Cost per mile for draining and gravelling ........$424 oo

The draining would not require renewal. Assuming that one-half the
cost of maintenance went towards renewing the road metal, this road
could be maintained and renewed once in fourteen years at an annual cost
of about $40 per mile,

If all our roads were of this description, they would cost the owner of a
hundred-acre farm about $100 on construction and $10 per year on
maintenance. In this calculation it is assumed that our country roads
are already graded and ditched, but not underdrained.

Ten days is the regular amount of statute labor on an assessment of
$2,500. Reckoning this at $1 per day, and a hundred-acre farm as
assessed at $2,500, the road just described could be maintained by the
ordinary statute labor tax.

Such a road might not be so good as a carefully maintained Macadam
road, or a deeper gravel road, and it is not recommended where the traffic
would be heavy ; but it is not beyond our resources, and if all our roads
were no worse there would be little reason for the outcry for * better
roads.”

In the construction of a road there are three distinct operations : (1)
grading and ditching ; (2) underdraining ; (3) metalling. The first two
operations are permanent in their character, and when once properly per-
formed do not require to be repeated, except at very long intervals, but
the metalling is only temporary, and requires constant attention and fre-

L —
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quent renewal.  If all three operations cannot be performed at once, they
should be carried out in the above order, for the underdraining cannot be
made permanent until the grades are fixed, and any alterations in the
underdrains disturbs the road metal. But draining should follow ditching
and grading as soon as possible, in order that the latter may not be de
stroyed by frost and wet. Thus, in opening out a new road, the first thing
necessary is that it should be properly graded and ditched, next that it
should be thoroughly underdrained, and, lastly, that the surface be
improved by the application of whatever road metal the nature of the
traffic may require.  Most Untario roads have scarcely reached the first

stage of construction—proper grading and ditching.
Returning to the kind of road which is both desirable and possible
in Ontario, the roads may be divided into three classes :

1. Those on which there is heavy traffic,

1] 13 ‘

2, “  moderate

“

2 5 e “ o very little

Roads of the first class ark in the vicinity of large towns, anc their
mileage is comparatively small. The second class would include the roads
connecting villages and lying along the favorite routes of travel, and
whose maintenance is of general interest to the community. The third
class would include the less frequented and purely local roads, many of

which might, with advantage, be closed up altogether.

The first class of roads should be gravelled to a width of 8 or 12 feet,
and a depth of 6 or 8 inches, or, if the traffic is very heavy, should be
Macadamized. The second class should be light gravel roads, as
described in this paper ; and the third class should be well drained and
graded earth roads, with a light covering of sand or gravel where the soil

is heavy clay.

These roads would not be too heavy a burden on the people, and
could be well maintained. It must never be forgotten that the first
requisite of a good road is proper maintenance, and an expensive road
should never be constructed without the assurance that it will be properly
maintained.

If an increase in the wealth or population of a district made a better
road desirable, the only expense involved in the conversion of a third-class
road into a second-class road, or a second class into a first class, would be
the cost of applying the necessary road metal.
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SYSTEM OF GOVERNMENT AND MAINTENANCE.

With few exceptions, the country roads of Ontario are maintained by

the statute labor system, by which each resident or property owner in
township is required to contribute a number of days’ |

a
abor (or in commuta-
tion thereof a money payment), proportionate to the assessed value of his
property.  The council of each township has authority to pass by-laws

regulating the manner in which this work shall be performed, and appoint

ing overseers or * pathmasters” to superintend its performance

It has been the fashion to condemn the statute labor system as the

chief cause of the unsatisfactory condition of our country roads. But the
system has never been fairly tested. Apart from being badly administered,
the statute labor has been required to do work for which it was never

intended. It was intended for the maintenance of the roads, but it has

been chiefly employed in works of construction —-n grading and ditching,

Can the system, then, be condemned if the little statute labor which was
not diverted to works of construction has proved inadequate for the work

of maintenance ?

he following are the arguments most frequently made
those who condemn the statute labor system :

use of by

1. It places work requiring skill and superior intelligence under the
direction of those who may possess neither.

2. All the work of roadmaking and repair is usually done in about
one week, and during the very worst part of the season for such work

end of July or the beginning of August.

the

3. Pathmasters undo year after year what their predecessors have
done.

4. It is a lax system, and some may avoid performance.

5. It gives people the selfish idea that they are interested in roads
only in their immediate vicinity.

6. Transient labor cannot be so systematically directed as can the
labor under a contractor,

-

7. By it the roads are not only not properly made or repaired, but are
absolutely being destroyed.

It does not require much Ingenuity to expose the hollowness of argu-
ments such as these,

The first three refer to the method of supervision of the road work,
and not to the question at issue, which is: Would it be better to have the
farmers pay their road taxes in money instead of in labor ?
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As to the fourth, no one can avoid performance if the overseer does
his duty.

If the fifth has any weight, it can be easily overcome by making the
road divisions larger.

The sixth may be valid, so far as construction is concerned, but would
any one seriously consider letting out the maintenance of a road by con-
tract? and the maintenance of the road is the proper province of the
statute labor.

In view of what has already been accomplished under this system, the
seventh needs no refutation.

It will be observed that all these arguments have reference to the
manner in which the work is done, and are not valid until it has been
shown that it is impossible or difficult to have the statute labor efficiently
performed. Another objection seldom mentioned is that the statute
labor system is applicable only where most of the work may be performed
with horses and with laborers not specially skilled in roadmaking. Accord-
ingly, the statute labor system, though applicable to a gravel or earth road,
is inapplicable to a Macadam road, and in any case it should be supple-
mented by a few workmen constantly employed.

The fact that very few take advantage of the opportunity to commute
their statute labor indicates that the majority of farmers find it more con-
venient to pay the tax in labor than in money. This is because the horses
and men necessary for the work on a farm are not busily employed through-
out the whole season, and it is an advantage to be able to avoid a money
payment by letting them work upon the road at a time when they are not
required in the fields.

If the farmers are to work upon the roads at all, it is simpler and
more natural that each should do his share as statute labor than that they
should pay taxes, part of which, after passing through several hands, would
be paid back in the form of wages.

The statute labor system has this further advantage, that, when not
particularly busy, the farmers often give some extra days’ work when they
would not vote money for the improvement of the roads.

The great drawback to this system is the manner in which it is
administered. In the first place, the road divisions are too small. A few
farmers, with an easy piece of road, have little to do; a few others, close
beside them, on a difficult section, have more than they can properly per-
form. But the chief difficultyis with the ¢ pathmasters ”; there are too
many of them, when so few of them know their work. The system of
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rotation of pathmasters, thus letting each man in the township have a try
at the roads, is absurd.

The system is good in itself, but the manner in which it is ordinarily
administered is indefensible.

How, then, can statute labor be properly administered ? By dividing
the Township into districts about five miles square, and placing each
under the direction of an overseer appointed by the Council, and holding
office during their pleasure. This overseer, who should be one of the
most intelligent farmers in the community, would be expected to make
himself familiar with all the most improved methods and machinery for
road construction and maintenance, and would receive so much per day
for each day employed upon the roads. He would have complete con-
trol of expenditure of the statute labor, and of the commutation or other
road money to be expended in his district, and could order the work to
be done in any part of the district. He should frequently examine and
report upon the condition of the bridges, culverts, etc., and. would bave
under him a small gang of laborers who would be constantly employed
upon the roads. He would also have authority to appoint foremen, in case
the statute labor could not all be performed under his personal supervision.

I'he township overseers should consult from time to time with the
county or township engineer, and should carry on their work under his
general direction.  The leading roads which are of general benefit to the
county should be placed under the immediate control of the county
engineer, and maintained out of the general county rate. This should be
done gradually at first, and, if found to work well, other roads could be
added to those maintained in this manner.

The question rests with the Township and County Councils.

It would not be necessary to ask for fresh legislation, the present
Assessment and Municipal Acts giving all necessary powers.

Under such a system the statute labor would be intelligently and
efficiently performed ; and, while giving satisfactory results, would be more
economical and less burdensome to the farmers than the payment of road
taxes in cash.

CONCLUSION.

In conclusion, there is no doubt of a well-founded demand for
better roads, but the surest way to obtain them is not by a revolutionary
change in the road system, but by improvements in the system which we
have, according to the natural laws of growth and development.

COUNTRY ROADS OF ONTARIO. 672
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And while it may not be advisable to imitate the English by building
Macadam roads, and consequently abolishing statute labor, it 75 necessary
to imitate them in *“the three things to which the English roads owe their
superiority,” which are: “ First, the stability of the foundations ; second,
the constant, and not spasmodic, attention bestowed on them ; and last,
but not least, the fact that they are under competent authorities in the

county engineers and local overseers.”
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Does not a tile drain act in the same manner as the crest of a dam
in regard to taking off the water ?

In wet land the water rises and rises until it finally oozes out on the
surface of the ground, whereas, if a tile drain be put in, the water will soak
the ground until it reaches the bottom of the tile, when it is carried away,
and the height of the water in that part of the ground is kept as low as

the tile drain.

If this be so, is it not, then, as some authors contend, advisable to
pack clay in the trench immediately above the tile ? thus preventing sand
being carried in the top of the tile, which will eventually block the drain.

I might also add, in regard to materials for good roads, that the best
road in this part of the township is formed of 8" or 10” of the refuse of
brick kilns, brick bats, etc., covered to a depth of ¢” with the cinders
which are raked out from beneath stationary boilers. This road, although
continually subject to the passing of wagons loaded with bricks, does not
wear out, nor allow ruts to form as quickly as the gravel roads. The cost of
the materials is nothing, as, if the pathmaster did not make use of them, the
proprictors would be at an expense in hauling them to a suitable dumping
ground. The cinders from two 75 horse power boilers are more than
ample for keeping a half mile of road in repair.

Although the above materials can hardly be quoted as general

materials for road construction, there are a great many places where they

can be had, where they are not made use of, but are allowed to be wasted.

Mg. W. F. Van Buskirk.—I am by no means satisfied that there is
There are any number of complaints,

a demand in Ontario for better roads.
I cannot discover anything that

both on account of roads and taxes, but
ailed a demand for improvement among the great mass of the

could be ¢
The average citizen thinks that we have as

people in the western district.
as possible for the money expended, and cannot see that any-

good roads
Any one wishing ocular

thing is to be gained by investing more money.

demonstration of this has only to look at the average driveway from road-

way to barn.
I am, therefore, of opinion that improvement will come through the

action of the Provincial or Dominion Government. This is in accordance
with the experience of Great Britain, France, Germany, etc.. The Provincial
and Dominion authorities will, however, take no action in regard to im-

provement until such time as the public are sufficiently educated in the
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time ago, I wrote to Z%e Canadian Engineering News, suggesting that the
government undertake the instruction of the public in

roadmaking in a
similar way to that in which butter

and cheesemaking is being taught.
I am convinced that one mil

€ or so of properly made earth road in
each county or township will do 1

nore to educate the public than all the
few generations,

This method has been lately adopted by the State
where three miles of Macadam road are being built in e:

ach county,
The assumption that “our country roads are already rraded and
) g

ditched ” is entirely unwarranted, At the present moment, | cannot think
of a single piece of road that does not rec
grading and ditching to put it in
gravelling,

papers we may write in the next

of Massachusetts,

Juire a large amount of work in
a fit condition for either mac
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the present system. Gravel
and

adamizing or
is the great cause of waste under
and stone are piled on ro
as quickly sink into the wet ground beneath.

In order to form

ads year after year,

a good foundation for 3 road,
made and kept dry to a depth of
compacted by rolling with a roller weighing not less th
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rolling gravel,
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an five tons, all
am rollers weigh-
horse rollers in
-graded roads, but are a little heavy for
Tile drains are not always necessary, as in many c
(not gutters), if made of sufficient depth, will dry o
addition to carrying the storm water.

ases the side ditches

ut the subgrade in

Drainage requires much more skill th
ordinary farmer cannot lay tile
contrary notwithstanding,
with gravel, sods, or any . Water enters tiles
through joints from sides by gentle flow or movement horizontally along
top of water table when drains are working properly ; and any loose
material above tiles permits water to flow direct from surface and fill up
drains with sand, etc. My Practice is to lay tiles in a trench cut with a
drainage SCO0p to the exact shape of the lower half of tile, and to fill the
trench with earth or clay well S0 as to leave the ground
in, as nearly as possible, the same condition as before cutting the trench,

I agree with Mr. Duff, to some extent, in the belief that the statute
labor system can be made to work, but am of opinion that the
be in charge of permanently e
directly responsible to e

an is generally supposed. The
drains properly, the
[ strongly object to filling
loose material whatever

said farmer to the
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township engineer is generally a surveyor, knowing no more about scientific
roadmaking than the ordinary pathmaster.

Mr. Duff seems to have lost sight of the fact that good roads have a
cash value to all persons using them, and that they will, undoubtedly,
increase the value of farm lands, so that it would be possible to spend more
money upon them than is done at present.

I am of oninion that the only question that should be considered in
determining the nature of road to build in any locality is No. 4 on Mr.
Duff’s list, “ Nature and amount of traffic.”  All other considerations must
be subordinate to this in order to keep the road good.

No doubt properly-constructed earth roads, with a little gravel on the
surface, will answer in most cases; but wherever the traffic is heavy, as
upon main roads between town and through townships, the roads should
be macadamized, and kept up in the most approved manner.

Mr. Campbell’s idea of cheap, and therefore nasty, Macadam roads,
maintained at a cost of $20 per mile, is rather amusing, but does not merit
consideration among engineers.

L do not expect much improvement under present management and
methods, and am of opinion that any change short of thorough reorganiza-
tion will only cast discredit upon the promoters and the movement for
reform.

That untrained troops require the most highly-trained and efficient

officers is a well-known principle among military men, and applies equally

well to men employed upon engineering works.

MR. James McDoucarLL.—The subject of road improvement is one
of deep interest to me.

I think the ‘writer is on the right tack in advocating good gravel or
earth roads which can be more easily maintained than Macadam roads.
Still it is not going far enough to keep up an agitation in favor of good roads.
There are portions of the province, such as parts of the counties of Essex,
Kent, and some others, where gravel is very scarce and the cost of laying
it down on the roads almost prohibitive, owing to long haul. Such
conditions should also be discussed. It is most important that the roads
be well maintained. In this connection Mr. Duff very properly laid
great stress on the influence of thorough underdraining. I might mention
a case which has occurred in my own practice. I had been superin-
tending the cutting down of a hill on the Kingston Road, where the ground
showed indications of springs. I had two tile drains laid down the road

about eight feet apart. These thoroughly drained the hill, which is hard
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and firm even in the wettest weather, and the
does not require nearly so much

drained parts of the road.

Macadam over the drains
repair and renewal as on other un-
From my experience with m
I feel safe in saying that it would take a gre
the farmers to raise money |

unicipal councils,
at deal of argument to persuade
)y debentures for road

improvement.  The
railway bonuses proved such a he

avy burden that they are not likely soon
In the county of York, some of
have been making good roads.

to repeat the experiment, the townships
In Vaughan township, where the soil is
very heavy clay, many of the roads, especially the trunk roads, are well
gravelled, a policy inaugurated some years ago by a newly-elected reeve.
Previous to that time about $2,500 had been spent on the roads

annually.
The first year of his term of office

the expenditure was raised to $3,000,
and afterwards this amount was raised, till it has reached an
expenditure of $6,000, and

The policy was so acceptable

annual
during last year but $5,000 was expended.
to the people that the reeve, after
was returned by acclamation

several
elections by large majorities, until his policy
when he retired, after securing the
The townships of Markham and (
extensive work on gravelling
owing to the

had been fully carried out, wardenship
of the county, reorgina had also done
roads, Georgina especially being mentioned,
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excellent supply of gravel in
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Toronto
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» and others throughout the province.

* (2) Those of county importance, where the traffic crossed more than

the county of York, the Weston and

Markham Road on the east.
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While the management

one township ; as, for instance, in

Vaughan Roads on the west, and the
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and expenditure of all moneys should be

roads of provincial or county importance
provincial or county aid
that the road be kept at a cert

vested in the local authorities,
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the grants would be made, as in the case of schools obtaining government

grants.  The local authorities, in order to obtain these grants, would see
that the roads were efficiently maintained, and a spirit of emulation would
be inaugurated, even should the grants be comparatively small,

[ am in accord with a great deal that Mr. Duff had said in reference
labor.

to statute Its proper role is the maintenance of roads, and not

their construction. In Vaughan it is used to great advantage in this
way, teams being employed to work the road machine to level down ruts
and rourd up the crown of the roads after the spring rains and traffic has

put them out of shape.

MR. S. M. JounsoNn.—We are greatly indebted to Mr. Duff for his
clearly stated views upon this important subject. We are all interested in
the advancement of this movement for better roads, but we must recognize
that there is nothing which in the end retards a needed reform more than
overestimating the advantages to be derived, or stating the increased cost
at too low a figure, and thereby causing disappointment and a reaction
against the movement.

The tables regarding the cost of the macadamized roads of the county
of York are very interesting, although their cost does not compare favor-
ably with the English roads. It must, however, be remembered that if the
system were to be extended the cost per mile would be lowered, as these
roads are situated where the greatest traffic, and, therefore, the greatest
I would like to ask Mr. Duff at what season of the year
the metal is placed upon the York roads.

wear, occurs.
We all know that upon our
average road under the statute labor system the material (when any is
added) is laid on in the early summer, and just at the season when the
roads are naturally at their best, which, instead of improving the roads,
diverts the traffic to the side.

In my experience I have only seen one attempt to obviate this, and
in that case the gravel was placed upon the road just as the frost left the
ground in the spring, and when the roads are generally at their worst.
The result was that the traffic soon had the new material compact, and in
the summer a good road resulted, and there is no doubt, had the road
been first scraped, the advantage would have been still greater. I am of the
opinion that could a system be devised whereby gravel could be placed
upon the roads after scraping in the spring and fall a great advance would
be made.

The thorough drainage of the roadbed is an important part of the
construction of any road, and especially is this the case in Canada, where
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THE COUNTRY ROADS OF ONTARIO. 71
the frost, by its *“ heaving ” action, does so much damage, this being greatly
aggravated by the presence of water. The English roads are under-
drained in many places, but these drains are not intended to carry off the
surface water, but to cut off all water from the subsoil, their aim being to
make the road surface impervious, and thus shed all surface water towards
the side ditches.

MR. Durr.—I do not think that my remarks on the location of roads
would bear the interpretation placed upon them by Mr. Deacon ; it
certainly was not intended that they should. The basis of all land sub-
division should be rectangular, and I never thought of the surveyor’s lines
being run other than as they are. It was not proposed that the original
surveyor should divide the township into irregular blocks, but that the
settler should have more freedom in purchasing any portion of a lot or
of two adjoining lots, so that the lands which naturally lay together should
belong to the same farm. What 1 did object to was the practice of
blindly “following the lines run by the surveyors” in those cases where
better roads and more compact farms would have been obtained by
deviating from them. I am pleased to note that Mr. Deacon’s views on
this subject are very similar to my own.

I am indebted to Messrs. Van Buskirk and Peddar for pointing out the
mistake which occurs in the description of the filling in of a tile drain.
The sentence should have read, “ Z%e upper part of the trench in which
the tile is laid should be filled in with gravel,” etc. When tile are laid
they should be covered with three or four inches of clay, well rammed in
about the tile ; this will prevent any loose material from working into the
joints. When clay is not available for this purpose, sods, hay, or straw, or
similar materials, are sometimes used, but these are only necessary in the
case of quicksand.

My theory of the action of a tile drain is somewhat different from
theirs. The pores of the soil form so many channels through which water
may flow. But water will not flow except down grade or under a pressure
head higher than its level, and if the flow is obstructed the grade must be
steeper or the pressure greater. In every case of underdraining there will
be a surface separating the soil from which the water is drawn off from
that which is below the influence of the drain. This surface may be called
the water table. 1In sandy, porous soils, through which water flows freely,
it will be practically horizontal ; but in clays, where the flow is impeded

and is not along horizontal lines, the water table is inclined. The
inclination for ordinary heavy clay is about one vertical to ten horizontal;
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so that the water table to a drain three feet deep would intersect the sur-
face at about thirty feet on either side. If the clay is made more porous
or the flow of water facilitated in any other way, the water table will be
more horizontal and the influence of the drains extended.

One way of accomplishing this is to fill the upper part of the trench
over the tile with gravel, thus making a large trench to which the water
will flow, and then filter through the few inches of clay to the drain under-
neath

The object of underdraining is not merely to carry off the water
which oozes into the subsoil under pressure from a distant head. No
matter how hard and smooth the surface may be, the rain water will not
be all shed into the side gutters, some will sink into the subsoil. An
important function of the underdrain is to carry this water off rapidly, and
prevent it from rendering the roadbed soft and yielding, or subject to the
influence of frost. This beneficial influence of the underdrain is more
noticeable in earth and gravel roads, where a larger proportion of the rain
water is retained by loose earth, ruts, etc., until absorbed into the soil

I am much pleased to observe the unanimity of opinion with regard
to the necessity for underdraining in order to secure a firm, dry roadbed,
which is the most important requisite in a good road. Yet this is the very
condition which in practice is most neglected, perhaps because the de-
struction occasioned by a wet subsoil goes on gradually and unseen. If the
government adopts Mr. Van Buskirk’s suggestion, and gives public instruc-
tion in roadmaking, the first lesson to be taught is the necessity of a firm
subsoil, and that if the subsoil is not naturally very dry it must be
underdrained.

It is said that the assumption *that our country roads are already
graded and ditched ” is entirely unwarranted. If the writer had considered
that they were properly graded and ditched, it would have been stated
as a fact, and not as an assumption made merely for the purpose of facili-
tating the calculation. In counties of York and Simcoe (with which I am
most familiar) a great many roads are well graded and ditched, whilst on the
others the amount of grading and ditching done is so variable that it would
be difficult to make a general estimate of the cost of completing the work.
It was simply to avoid making this estimate that I assumed that the roads
were ditched and graded, and I do not consider such an assumption mis-
leading or uawarranted.

I concur in Mr. Van Buskirk’s opinion of Mr. Campbell’s cheap
Macadam roads. Such erroneous ideas do no harm amongst engineers, but
where they are widely disseminated amongst the farmers (who are, after all,
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the men who decide what kind of roads we are to have) then every
engincer is in duty bound to expose the error, especially in such a case as
the present, where Mr. Campbell’s position as City Engineer of St. Thomas
may give to his opinions a prestige they might not otherwise pOssess.

In the case of Judge Wood’s “ figures,” I regret having taken up space
with such misleading and ridiculous *calculations.”

Although the nature and amount of traffic is the most important con-
sideration in determining the kind of road which skould be built, and the
essential condition of the road to be thoroughly maintained, yet necessity
knows no law, and the vital question for us in Ontario is: What is the
best road that we are able to maintain?

One of the objects I had n preparing this paper was to call our road
reformers down from quixotic discussions on the theoretically best road,
and induce them to grapple with the conditions which actually do exist in
Ontario.  Would a man spend "his time planning how to erect a castle,
when he has only an axe and a few nails with which to build a cabin ?

Scientific roadmaking is not necessarily the work of a surveyor, and
many a good surveyor may know nothing of making roads. But the edu-
cation of a surveyor is such that he can easily learn the science of
roadmaking, and should he be township engineer, and it be made
a part of his duty to superintend the roads, he could make himself
proficient, or, if not, could be dismissed as incompetent.

In answer to Mr. Johnson’s question, I would state that the new metal
is placed on the York roads in the spring and fall. The difference between
the cost of maintaining these roads and English Macadam roads is no doubt
due in some measure to the cause mentioned by Mr. Johnson.  Other
causes which may be mentioned are the severity of our winter frosts, the
difference in the price of labor, the character of the soil, which is nearly
all heavy clay, and the fact that they are imperfectly underdrained.

[ think very favorably of Mr. McDougall’s plan of provincial and
county subsidies, provided that they are expended, as he suggests, by the
local authorities. This might be combined with the writer’s suggestion,
that the township councils divide the township into about four divisions,
and place the roads in each under the supervision of an intelligent farmer,
who would make a special study of roadmaking, and personally superin-
tend the expenditure of all road money and statute labor in his division.
This T believe to be the best practical solution of the road question
in Ontario,




AERIAL MECHANICAL FLIGHT

C. H. MrrcHELL, B.A.Sc.

The following paper is, for the most part, a compilation of prevailing
theories and ideas advanced by different writers, together with the results
of observations and experimer.ts which have up to the present been made
in this new field of science. It is well recognized that until recently the
subject of mechanical flight has been the object of considerable ridicule,
but the fact that the scientific world is rapidly turning its attention to
aerodynamical research warrants'us in making haste to acquaint ourselves
with the progress in this direction.

I wish it to be distinctly understood that T am not a disciple of any
particular method or theory of flight, and that I have interested myself
in the subject for no other purpose than to become familiar with the
underlying scientific principles.

I have attached this title to the following paper chiefly for the
purpose of discriminating against what has up the present been known as
aeronautics, but which is now referred to as aerostation. Within the past
five years there has come forcibly before the eyes of the world a new
branch of aeronautics— that now known scientifically as aviation, and
which shares with the former the chances of aerial navigation. Here-
tofore “aerostation ” has won all the fame which has been conferred on
aerial invention, and the disciples of that branch of the subject have
looked down with a commiserating eye from their lofty vantage on their
struggling brethren of the aviation family. A well-known writer very tersely
puts the discrimination in this way: “ There were two roads to possible
success—the one broad, beautiful, smooth, and bordered with flowers,
but, after all, leading to no result—it was that of aerostation, of balloons,
lighter than air ; the other way was contrariwise, a rough, narrow, rugged
path, bristling with difficulties, but still leading to something—it was that
of aviation, of rapid transit by machines heavier than the air.”

:
k)
;36
i

I do
mechanica
that this p
aims, desig
its merest
previous t
periodical
congress a
is somewh
worthy.

I con:
and forcib]
once make
actual dev
I have tal
members
observatior

If the
which to-d
long bhe s
since the |
happily, so
and, if the
looked at ¢
too persist
genius is d
finger of ri
of life and
and his inr

Perha
hurled at t|
summed uj
mechanical
without a t|
than that
foretold.
reputation
deductions
proceeding
“making h

’




evailing
> results
'n made
ntly the
ridicule,
ntion to
urselves

2 of any
- myself
ith the

for the
10Wh as
he past
1 a new
n, and

Here-
rred on
't have
n their
 tersely
yossible
flowers,
alloons,
rugged
as that

e ek LR

FRAM A

XN
§

AERIAL MECHANICAL FLIGHT.

75

[ do not propose at this point to discuss the question of balloons vs.
mechanical flight (that will come in further on), but I desire to point out
that this paper will deal exclusively with the newer branch, its history, its
aims, designs, and possibilities. Owing to the fact that the subject is in
its merest infancy, that no literature of a responsible nature of a date
previous to 1881 is obtainable, and that the greater part of it is in
periodical form of a very recent date, particularly since the aerial
congress at Chicago in 1893, the compilation of a comprehensive paper
is somewhat unsatisfactory unless all information is thoroughly trust-
worthy.

I consider that this new branch of science which has so suddenly
and forcibly thrust itself upon us is one which we as engineers should at
once make ourselves sufficiently acquainted with, so as to be prepared for its
actual development, which is assuredly not far distant. With this view,
I have taken time by the forelock, and have endeavored to give to the
members of the Engineering Society the benefit of my reading and
observation in the subject during the past year. )

If there is one haunting predominant conception more than another
which to-day infests the mind’s fancy, it is that we may possibly before
long be soaring the air, partners with the feathery tribe which have
since the beginning held universal sway in the realms of Aiolus. Un-
happily, some of onr fellow-men have fallen dire victims to the conception,
and, if they have /ived long enough in the possession of it, have been
looked at askance with pitying contempt, and dubbed “ cranks,” perhaps
too persistently. Now, however, this dream of the enterprising inventive
genius is drawing near to its realization : he no longer stands before the
finger of ridicule, no longer is he classed with the seekers after the elixir
of life and perpetual motion ; the past few years have been more lenient,
and his innings has come.

Perhaps the cause of the ridicule which has been so ludicrously
hurled at the disciples of the “flying machine” during the past may be
summed up in a few words. Heretofore our attention has been called to
mechanical devices for the most part designed and built by mechanics,
without a thorough scientific basis—in fact, with no other recommendation
than that “they ought to fly.” Of course the results could have been
foretold.  Now, however, we find scientific men of the very bighest
reputation delving into the previously existing data, making new
deductions, performing all kinds of preliminary experiments and tests, but
proceeding in the most cautious and logical manner, content with
“making haste slowly”; their fondest hopes being that in a few years a
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machine that will raise itseli off the ground may be constructed. The
scientific world has acquired confidence in these men, and has ere this
proceeded to offer assistance in a very tangible manner, so that now we
find scientific societies, clubs, and single experimenters all combined in a
grand race for the goal not far distant.

Much of the experimentation so far concluded may be said to be
based upen the work of the early physicists, notably Newton, Gay Lussac,
and Hutton, though the results of these men have been greatly modified
—in fact, sometimes have they been found entirely at variance with
nature.  As before intimated, these results were not made use of for any
aeronautical purposes, all the attention being bestowed on the balloon,
with the result that no particularly successful method of aerial navigation
was forthcoming. I do not mean to say that no advantage was gained,
for the balloon has been most valuable in all scientific directions, and by
its means we have discovered some of the idiosyncrasies of the upper air
currents, a thorough knowledge of which, by the way, is an absolute
necessity for successful navigation. But the balloon has so far demon-
strated one important thing, and that is that for rapid and complete aerial
flight for all purposes we must look not to the gas bag—lighter than the
air—but to the fully-equipped heavy machine, with inherent capabilities,
as it were, of sustaining and propelling itself in all conditions of wind and
weather. It is needless to point out how this has been brought about,
for the very circumstances of ballooning are against it as a means of
navigation. Balloons are costly, clumsy, easily damaged, and with
difficulty repaired ; they are dependent, for the most part, on fair weather,
perfectly helpless in a wind storm, and, above all, are slow. The great
war balloon “La France” accomplished only fourteen miles per hour.
There are balloons now under construction by the same experimenters
(the French Government) which are to attain twenty-five miles per hour.
This will be, if successful, a truly great accomplishment, but when we
remember that such balloon trips are limited necessarily to a few hours,
and that the maintenance commercially is enormous, while there is only
a thin piece of silk between success and complete collapse, we are in this
age of business enterprise slow to consider it advantageous.

It seems almost absurd for men of our scientific age to look toward
the gas bag as a means of aerial suspension, for what is there in nature to
warrant such? What parallel is there? All birds are much heavier
than their enclosing fluid, and motion is accomplished by the purely
mechanical effort of their muscles and organic members,
heretofore considered the birds as beyond our powe
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MECHANICAL FLIGHT. 77
else have entirely ignored them. We have almost with ridiculous
contempt passed over the everyday principles underlying the kite, the
boomerang, or the skater on thin ice. We have discovered the useless-
ness of the gas bag, and have sought to replace it by some mechanical
device of wondrous intricacy, a galaxy of propellers and screws, a Jules
Verne, forgetful of the fact that there are scores of birds which for hours
together soar in the air almost without dynamic effort, using only the wind
currents, and that in the simple kite of our juvenile days is the secret of
their movement. These things are now fully recognized by the scientific
world, and the current of research has accordingly veered around in the
new direction, so that, in place of intricate mechanical creations, we find
the much-talked-of “aeroplane.”

The result of all this is that we have now, out of a multitude of
designs and principles, hit upon what, as far as we know, is going to lead
to something substantial—a single line of experiment only, toward which
all energies are being bent.

The basis of these investigations may be divided into three distinct
parts, which it will be necessary to consider in the abstract before we
touch upon the principles of the flying machine. This division may
be made as follows:—(1) The flight of birds; (2) observations on
the principles of the kite and other similar contrivances : (3) abstract
experiments in the ‘“laboratory.” These constitute our data, and
their value as, such will be in proportion to their reliability. Having
discussed these divisions, it is the province of this paper to consider the
generally accepted theories of the ideal ““flying machine.” It will then be
in order to review what has actually been done in the experimental world
with reference to aerial navigation, which means a résumé of the different
machines now constructed and on trial.

Bird flight, after years of close study by naturalists and physicists,
still remains very much an enigma. It may appear easily, or with diffi-
culty, accounted for, according as one looks at it. It is one of the few
unsolved everyday problems which have been so prolific of discussion
during the past years in the scientific world. Perhaps the most insur-
mountable difficulty which presents itself for pursuing investigation in this
direction is that of the inaccessibility for experiment and observation. Could
we spend our time side by side with the birds, we might soon discover
their secret. Those to whom we owe our present knowledge in this sub-
ject have obtained their information with great difficulty, and, even t' cn,
it is, for the most part, very incomplete, and does not furnish us with any
real precise data. Were it possible to domesticate the birds we are most
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interested in, and place them under close scrutiny in the laboratory, the
task would be simpler, perhaps, but the results not as valuable.

Before considering the flying process, let us examine into the anatomy
of the bird with reference to flying.  For our purposes, the bird consists
of three parts, the body, the wings, and the tail. Theoretically con-
sidered, the two wings and the tail form the supporting members,
though the function of the latter, in this regard, is very much restricted.
The centre of gravity is, of course, situate within the body of the bird,
though it can be shifted by means of the movement of the wings. The
body proper and the tail serve, generally, to obtain steadiness and equili-
brium ; in some birds, having a deep breast bone, the body acts like the keel
of a ship. The wing consists, essentially, of three parts, having two joints,
by means of which the whole can be contracted or extended. The
peculiar joint system, and the strong muscles, permit of movement of the
wing in almost any direction with very great rapidity. The general
structure of the wing is a marvellously exquisite contrivance, combining
strength, flexibility, and lightness. With the quills hollow and tapering,
and the web composed of overlapping feather vanes, closely clinging and
fitting into each other, the whole comprises an exceedingly light aeroplane,
impermeable to air under certain conditions. The quill of the feather,
as we all know, is nearer to the forward edge of the plane surface, which
edge is turned downwards, and the forward feather underlies the next one
back. From this it is seen that the wing, on an up strolee, can be made
to permit the free passage of air downwards, while, on a down stroke,
it would be impermeable. The wing bones are all situated on the for-
ward edge of the wing plane, so that a flapping motion partakes, partially,
of a rotation of the plane about this forward axis, and the ends of the
strong wing feathers (primaries) flex upwards on the down stroke.

The wing and its action is, to us, the most important. It has two
distinct functions : that of a propeller, and that of a sustaining aeroplane,
though the relative use of each varies exceedingly in different species.
Insects and small birds use their wings almost entirely as propellers, beat-
ing the air and flapping, sometimes, with great rapidity. Large birds,
having wing surface of great €xpanse, resort, to a very great extent, to
soaring and gliding by means of their wings as aeroplanes. There are,
essentially, two kinds of wings : the one, long, and the other, short. It can
be easily understood that a bird with long and wide wings is well prepared
for soaring, an adaptability which increases with mass ; also, that the bird
with long and narrow wings can fly in great winds, that short and narrow
wings can attain great speed, while short and wide wings produce but
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ordinary flight. By these considerations, we may enunciate the law that
velocity is in inverse ratio to wing surface. Though we speak of birds’
wings as aeroplanes, itisonly to a few of the smaller birds and the insects
that such can be really applied, for most wings are concave on the under-
side, a fact that, though known, has not been greatly recognized by inves-
tigators until recently.

In Plate 2 are shown three positions of the wings of a bird, to iliustrate
the mode of changing the centre of gravity ; no explanation is necessary.

The tail of the bird serves, to some degree, three functions—to sus-
tain, to direct, and to preserve equilibrium, though it is not a necessity to
flight, for many birds have little tail, and all birds, when deprived of their
tails, can manage to fly. The size of the tail has no apparent effect on
the flying qualities, though very large tails denote feeble flight. The tail
is most valuable in acting as a rudder, and swift birds utilize a very power-
tul tail in changing direction quickly, so that the law might be stated, that
the aptitude for changing direction of flight is in direct proportion to the
size and power of the tail. It may also be used to shift the centre of
gravity forward or backward, and, in some cases, to serve as a third sup-
porting plane.

Curious explanations of bird fight have been presented by some
investigators, in which they attribute much of the unexplainable to the
fact that the bones of the bird are porous and contain spaces presumably
filled with rarefied air. Such, certainly exist, but the explanation is con-
sidered very weak, for, by actual experiment, it is found that the specific
gravity of the bird without its feathers is about unity, the same as that of
man, mammals, and fishes. Even a water bird, if deprived of its feathers,
will sink, It has been urged that there is some property in the feather
covering which assists flight. This, apparently, can be true in only one
sense, viz., that it forms an elastic cushion, frictionless in the air, displac-
ing more of that fluid, and, hence, lowering the specific gravity, though to
a small degree only. Strangely, however, it is found that a bird, when
stripped of his body feathers (thus leaving him his wings and tail intact),
will still be able to fly with apparent ease, though, perhaps, awkwardly at
first,

Hence, then, if we are to attribute the flying powers of the bird to
its actual organism, we must look to other quarters. We see that the
bird is much heavier than the air, for it immediately falls to the ground
when shot. We know that birds can fly under nearly all conditions of
weather, that they can fly with body feathers stripped, with tail cut, and
with wings clipped, also that they can still fly if artificial wings are substi-
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tuted. What, then, can we do but consider the bird as a machine, a
highly organized mechanical creation, sustaining itself through_ the
reactions produced by muscular effort, “not as a balloon floating in the
air, but as a stone glancing along the water, or a skater gliding over thin
ice”?

Our study of birds now takes two courses as regards aviation, the
one that of flapping, and the other that of soaring flight. Flapping flight,
as far as the bird is concerned, is easily explained, and requires but brief
attention. ‘The following description is that presented by Mouillard in
“ L’Empire de PAir”:—Presuming that the bird is on the ground and
ready to fly, he is crouching to spring upwards, his wings hanging loosely,
the position, then, of the three parts of the wing is such as to offer little
resistance to an upward thrust, the feathers being *“edge on.” The bird
makes the jump, and, at the same time, the upstroke, the whole wing
being contracted and close in towards the body, so as to present the least
possible surface, and yet quickly and easily execute the movement. Then
comes the down stroke. The wipg is fully extended and stiff, all feathers
completely overlapping, and forming a surface concave on the underside.
The “ down stroke ” is downwards and backwards, and this accomplishes
not only an upward, but a forward movement. The effect is easily seen
by reference to Figure 1, Plate 1. The wing is then again contracted,
moved forward and upward, then extended, and ready for another down
beat.  Flapping flight is used by certain birds continually, while other
birds alternate it with soaring, and others use it only on occasions such as
when rising quickly from the ground, on a calm day, or when surprised.
The angle of rising motion is seldom greater than 45°, and a vertical rise
is rarely seen, being at best a most difficult manceuvre. This method of
flight apparently requires great power and ‘endurance on the part of the
bird, and it is generally found that all the small and light active birds
use it.

Soaring or sailing flight, though simpler in appearance perhaps, is
much more difficult of explanation, and, in fact, is not yet explained to
the satisfaction of the investigator. 1In it there appears to be the very
secret of aerial flight we are so desirous of discovering, but even now,
though it yet remains a mystery, we are assured that by copying the
soaring birds as far as we are able we are pursuing the most natural and
logical course toward the desired end. We are all now pretty well aware
that there are many birds which sail on the air without apparent muscular
propulsion, utilizing some subtle inherent force either of the air or them-
selves. The principal of these are to be found in the tropics, and are, in
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general, large birds, while a few smaller species inhabit more northern
latitudes. The gull, petrel, albitross, hawk, kestrel falcon, the pelican,

kite, buzzard, and vulture, are the representative members of the soaring
class.

The discussion of soaring requires a thorough knowledge of the
behavior of the air currents passing over the earth’s surface, and this is
just where we are at a loss, for we know comparatively little of anemometry.
Perhaps a thorough EXpose, as it were, of the antics of the winds,
particularly with reference to local disturbance, would
of soaring flight,

-

No better way of explaining soaring flight can be presented than by
describing that indulged in by a representative  bird, and for different
reasons we will take the great tawny vulture (Gps fulvus) as our teacher,
I will again refer largely to Mouillard, as he has perhaps been the greatest
student of this bird.  This vulture, as is well known, is at home in the
east, and has been watched most closely at Cairo, Egypt. Asa flyer he
is most successful, and when we couple with that fact another one,
namely, that he is the laziest bird created, we must conclude that he
sustains himself with the least expenditure of force, and hence flies with
the utmost science. His weight is very great, and his wings large and
powerful, two facts which at once mean momentum and sustainir,
He weighs, probably, sixteen pounds, and spreads his wings e
more, with perhaps eleven square feet within his contour —
cent aeroplane. The bird himself has a forbidding
but his bright eye and powerful movement invite us to a closer inspection.
He is certainly lazy, for he will rest in his rocky eyrie during the gray dawn
and far into the forenoon, until the land breeze springs up, when he flaps
his wings and limbars up, yawns, as it were, and with a jump and three
or four beats of his wings he launches forth for his day’s work. He
descends, perhaps, thirty yards on rigid wings, gaining momentum, and
is soon in fyll soaring flight, with wings extended and tipped slightly
backwards. Now comes the interesting series of manceuvres ; he
commences a series of circlings, of a helicoidal nature, and we discover
him climbing up into the heavens, without a single wing beat ; higher and
higher he goes, his wings always rigidly extended, changing their position
only when he turns abruptly.  When he has gained an elevation from
which he can survey the surrounding country for his meal, he proceeds to
pursue his usual pastime, that of waiting. He glides in great circles, now
against the breeze, now with it, he makes long, but graceful descents, and
rises again in some mysterious manner to his former altitude. He may
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remain aloft in this way for hours, gently sailing on the breeze, when
suddenly he descries from afar the meal for which he is in search, and he
commences a long, steady, majestic descent, swift, but dignified, which
soon lands him at his prey. During the whole morning’s work he has
scarcely flapped his wings ance. True, there has been a breeze, but
almost imperceptible. “When we watch a martin flashing through space,
we think of high speed mechanism ; when it is a snipe or a partridge
which flies off, we are reminded of the action of a released spring ; a gull
suggests perpetual motion, but the view of the great vulture in sailing
flight inspires at once the desirc for imitation : it is a dirigible parachute
which man may hope to reproduce.”

Let us turn our attention to other similar instances of bird flight. A
typical case is related by M. Bretonniére as he saw it at Constantine,
Algeria.  Storks commonly performed a series of circular orbits, similar
to that shown in Figure 7, Plate 1. From A to B the bird, with a certain
momentum, descended in the direction of the wind, then he glided
across and upward against the wind to C, crossed it at D, thence to A,
whence he commenced a long but slight descent, repeating the operation
as before.  The series of movements is of course made without flapping.
The same gentleman finds that a bird can hold itself head on to the wind
and remain practically in the same position in space. He finds that
certain birds will precipitate themselves from a height of, say, a hundred
feet in order to raise themselves, against the wind, to a greater altitude,
He also tells us of instances of birds sailing downwards in a gentle wind
svhich, when arriving at a certain exposed place, encountered a.very strong
wind from a side direction ; they immediately headed against the wind and
rose twenty or thirty yards very rapidly, whence they commenced circling.

Mr. E. C. Huffaker has made a number of valuable observations on
vultures in the mountains of Tennessee. He- finds that in a wind of
thirty miles per hour the vulture cannot make any soaring headway
against it, but resorts to a system of vertical tacking. The bird can, by
exposing the underside of his wings properly to a strong wind, rise verti-
cally, though being drifted backward. By sailing across the wind a very
swift flight may be attained horizontally, in which the bird, however, heads so
as to make a slight angle with the wind, also the swift flight may be stopped
by facing the wind.  The same writer tells of the following instance of a
buzzard soaring about fifty feet above a level, open field, when, by refer
ence to neighboring high trees, not even a slight breeze was noticeable. The
flight was elliptical and of a velocity of twenty-five feet per second,
requiring about five seconds to complete its orbit. It made some twenty
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9D

revolutions in a horizontal plane, so that in about a minute and a half it

progressed some five hundred feet, havir
and velocity, and not flapped its wings.
of horizontal soaring

18 maintained its original elevation

He says that in the above case
» @ slight increase of velocity could be detected as
the bird passed the vertices of the ellipse.

This is most noticeable in the
common mode of flight,

“ Instead of moving in horizontal
bird consumes such energy as it may possess by gliding upwards. Having
lost its velocity it hangs for a moment almost motionless, turns backward,
sweeps suddenly downward like a wheel
clevated ; then with a single powerful stroke brings the wings and body
into a horizontal position and speeds away with a velocity due to a fal]
of twice as many feet as it has taken.”

circles, the

with the onter wing greatly

Mr. Lancaster, the well known

naturalist, finds that frigate
able to go at the rate of one

hundred miles per hour on fixed wings, and also
that they can live for a week on the wing.  Professor Le Conteu gives us
numerous examples of albatross flight, notably that of foilowing a boat
against the wind. The bird skims the surface
of course falls behind rapidly ;

birds are

behind the boat, but
he then rises quickly against the wind,

with the wind, until he has gained a great
velocity, after which he turns again toward the wind, and, skimming the
water, overtakes the hoat,

wheels and swoops downward

I bave given these brief examples of bird fl
ing concisely what evolutions birds
explain them and to apply the
and a discussion of such will be

ight for the sake of show
are capable of accomplishing, To
principle to man flight is another matter,
now in order.

Before proceeding with that, however, it will be of advantage to look
briefly into the matter of wind currents as regards bird flight, and also
into general consideration of flight of birds. Wind usually blows in a
generally horizontal direction, and may vary in uniformity, that is, come
in gusts or squalls, or may change in velocity,
undulating currents either vertic
ascension, Itis

It may be blown into
ally or horizontally, as is seen from smoke
also affirmed on good authority that

the air is stratified, as it
were, with reference to velocity,

That is to say that the farther up we go
That such is so on occ
» and we recognize the fact that th
must exert a retarding influence
regard we have yet to discover th
stiff «

the greater velocity there is,

asions we know from
simple experience

e earth’s surface, be it
on the wind. In this
at on what we call a calm day there is a
sailing ” breeze up where the birds manceuvre,
earth’s surface exerts, of course,
The intensity of wind on the

ever so level,

Unevenness of the
» @ tremendous effect upon the

air currents,
brow of a hill may be

much more than on
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its side, because there may be a strong upward pressure along the sidehill,

the result of the upward diverted current ; this would create an upward
sustaining breeze at the brow. There are many other cases also where
an upward current may be encountered. Downward currents are also
frequently formed.  The observations on thistledown, smoke, snow
flakes, and sand show the varying moods of our ‘“enclosing envelope.”
For every pound weight of bird pressing downwards there must be
an equivalent upward pressure to insure suspension alone, without
propulsion.  T'his upward pressure can be produced in only two ways,
either by some natural pressure of previously existing air currents, or by
an effort expended by the bird in giving a downward motion to air
previously at rest.  T'he former acts only on occasions, as we know when
there is an ascending current of air. Generally speaking, then, the bird
must set up a downward current by some means at every point of his
route, and the greater volume of air he displaces, and the quicker he does
it, the better suspension he obtains, and, if he is moving horizontally, the
greater his velocity ; that is to' say, the more air he will pass over and
force downward in a given time. The soaring bird’s wing is curved
concave on the underside, as previously stated, which teaches us a very
important thing. We all know that the impulse derived by a surface on
which a moving fluid is impinging is proportional to the change of
direction of motion caused by such surface. This is the principle on
which the blades of a screw propeller, a turbine, or a windmill are
constructed. Consider a plane (Figure 2, Plate 1). Suppose a wind current
is acting on it obliquely. A particle of air striking the forward edge at A
would be deflected, and would pass downwards along the plane to B.
The effect is the same for every point on the surface, and when the
particle once strikes its work is done, as it passes off the plane without
doing work. Some particles of the air current lower down may, perhaps,
never reach the plane to do work. If, however, the surface is slightly
curved, with the greatest curvature at the forward end, the particle of air
striking at the point A has, during its passage to B, its direction con-
tinually changed, and it consequently does work till it passes off at B.
In this, then, the curved surface has the advantage over the plane, and
this is the reason that hirds were created with concave wings. Looking
again to Figure 2, Plate 1, let CD be a horizontal current of air impinging
in the plane AB at D. The direction of the force created by such will
be normal to the plane, viz., DE. Let DF be the direction and intensity
of the lifting effort ; then EF will represent the horizontal motion or
“drift.” This is the general diagram for the aeroplane under air pressure,
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Toe full significance of this is not quickly realized, particularly when the
angle ADC is slight.  As an illustration, hold a stiff fan outside the
window of a railway car moving at, say, thirty miles per hour. It is very
surprising how great the uplift is when the angle is small. In the figure
let ADC be 8, R the normal pressure, W the uplift, and P the
resistance to horizontal motion. Then we have W=R cos & , and P==R
sind. Then P=Wtanse. But horse power exerted would equal VP
when V is the velocity,  So that with V in feet per second we have
MP AL If, therefore, we could discover the weight, velocity,
550

and angle of wings of a sailing bird, we could compute the horse power he
1s using. It is to be noticed that the extent of surface does not enter,
though it is of considerable importance, depending altogether upon
weight.  If it is small, great velocity and angle are required for sustenta-
tion ; if large, it becomes cumbersome and heavy. 1In e'ther case power
1s consumed.  With a given sustaining surface and angle there is some
velocity of wind which would just overcome the force of gravity and air
resistance, and the bird would then sail horizontally against the breeze.
Should the wind drop, or should the bird enter a sheltered space, or
mcrease the angle of wings, he will descend by force of gravity. If the
wind increases, or the bird increase his velocity by any means, or decrease
the angle of wings, he will rise (against the wind). We learn all these
points from the foregoing figure.

Rather than outline the different theories in explanation of soaring
flight, I will discuss several of them very briefly, though, as yet, no one
has satisfactorily explained the problem. It is practically admitted by all,
despite certain trustworthy observations, that soaring cannot be done in
still air.  ‘The very laws of nature forbid such.  All considerations elimi-
nate the air resistance of the bird, and admit the soaring process to be
accomplished by some adjustment of the wings in conjunction with a
natural knowledge of the wind currents and their several effects. (It has
been pointed out that the noise made by buzzards, when flying, may be
caused by a continuous flapping of their strong pen feathers at the tips of
the wings, a motion not capable of detection.)

There are numbers of problems for solution. How can a soaring bird
sail with the wind at a faster rate? How can he rise above his
starting point against a wind > How can he travel at a certain rate against
a strong wind ? and many others. All can be answered by the solution
of one problem, which may be stated as, “ How can a bird sail indefinitely
in a horizontal breeze, retaining his altitude, and using his wings only as
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aeroplanes ?”  Such sailing, usually, takes the form of circling
progress is made or not.

M. Bretonnitre points out how limited
flight in a truly horizontal path, and shows th
under only two conditions :
other, that of squalls
explained later. (
torms the

are the chances of sailing
at such can be accomplished
the one, that of ascending currents, and the
or gusts of wind ; the advantage of the latter will be
ienerally, then, this writer shows that the
ordinary horizontal currents into * rel
artifices, viz., the zigzag path and the spiral.
in

bird trans-
ative squalls” by two
The former may be explained
its simplest form by reference to Figure 5, Plate 1.

We will suppose
the bird to be

at the point A, and, for convenience, have no initial
ct it perform a downward glide in the direction AB across the
wind, thus acquiring a velocity V at the expense of an altitude 4. Sup
Pose now, neglecting resistance, shock, and other causes of loss, the bird
turns to the Zf? against the wind (BC) anc
kinetic energy into work again.
direction Hl(iH'.lI('li, at

velocity, ]

I proceeds to transform its
Suppose the wind is blowing in the
a velocity'/, then, when the bird turns against the

wind, he has a velocity of o+ 7/, Now, the altitude / =" , and a kinetic
2¢

energy of 3 mv* is required to procure it.  When the bird is passing from

B to C his kinetic energy would be } m (7+2)%, and the corresponding

) A v+7')* J m+~v' = =
altitude obtained H = (7. ,L_)_, subtracting :—H - 4= (Z+7)
28 28 28
207 + 9'® LIk b K !
———, which is the additional height which may, under these circum
20
28

stances, be obtained by the bird,
applies. In Figure 6, Plate 5
across the wind

With the spiral, the same reasoning
the bird plunges downward from AtoB
y and from B to C up against it (having his wings inclined
above the horizon, of course), while from C to

D he may rise somewhat
further, s

icross the wind, by a proper adjustment of his wings, then a gentle

downward glide at will towards A’ to resume the same operation. The

last part of the manweuvre covers a great distance if the bird is travelling,
but is short if he is ascending.  Should the bird desire to
the wind, an angle of wing ¢
downward at the

travel against
an be found which will carry him forward and
Most economical rate, when he
any elevation, though with loss of dist
sizes the motion downward

can rise at pleasure to
ance. Thus Bretonnitre empha
across the wind and upward against it.

Mr. William Kress, of Vienna,
on the increasing velocity of

Austria, deduces a solution ‘depending

air currents as we ascend. Without going
into his elaborate explanation,

I will present a copy of his figures and
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/

diagram, showing how a bird, without muscular effort, can perform a verti-
cal orbit and gain in speed. Let Figure 8, Plate 1, represent an orbit
traced in air currents of varying intensity, as shown. Let M be a refer-
ence point on the earth. Let the bird
second with respect to the air. The
process of the flight. The argument
speed when working against the air, but
gravity.

attain a velocity of 435 feet per
following table will explain the
is that the bird loses no relative
gains when flying with it, due to

|

Velocities. albicldle fjg hii|k|l|m

il Wi (

Speed of wind 151

n

|
|
82124 27305130 27‘24‘21‘|8:15‘|5
| | | |
14 ‘ vl 3
Absolute speed of bird 30|27 24(21/18/15(72/72 72/72/72(72'39
| | )

Relative speed of bird

1 ‘ .
14545454545 45424548 51 5457 54
Thus the bird has completed the orbit and increased its speed by nine
feet per second. The preceding result, is perfectly
hypotkesis that the air currents are varying, a fact which is already
partially proven by experiment.

possible on the

Professor Iangley has suggested a theory of soaring which, though
wity, may have some value, It depends on the law of wind pulsation,
which he has investigated. There is no doubt that wind currents are
more or less undulating, which can be seen by the ducking of a kite at
periodical times, of smoke, etc. By reference to Figure 4, Plate 1, in
which the arrows show the direction of the currents, and AB the aero-
plane at a small angle to the horizon, a sustaining and upward motion is
given to the latter in the position shown, while additional speed can be
attained by a downward glide in the intervals between “the gusts.”. A
general tendency, then, would be upwards, a result which could also be
obtained if moving against the wind, though not as rapidly.

A consideration of any of these solutions would serve to explain the
phenomena of soaring flight. But how, we ask, does all this lead to the
solution of man flight ? Simply in this : supposing we were thoroughly
acquainted with the laws of aerial currents, and possessed the knowledge
of turning them to our use, we could by adjusting to ourselves a sufficient
aeroplane and a mechanical device for individual propulsion be enabled
to sustain ourselves in the air under similar conditions.  From research

which has already been made, it seems as if man would be unable to
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sustain himself in the air by means of an aeroplane pure and simple, hut
that some means of propulsion must be utilized. By reference to the
table on Plate 3, this will be recognized. The results are taken from
Mouillard, and show figures on sixteen well-known birds. The original
figures were in the gram meter system. The last column, deduced from
the preceding ones, is the one in which we are immediately interested.
It shows the relative surface required to sustain the weight of a man and
light apparatus, in respect to the different birds. It will be seen that the
wild duck furnishes the example of the lowest, but we cannot look to
that bird for our model.  The vulture is the heaviest bird given, and
presents the most promising model in every respect, showing some 135
square feet of aeroplane required for man. We will see later on how this
agrees with actual experiment. All the other birds present too great
relative surface for practical use.

We will leave the subject of bird flight at this point and look briefly
into the next division of our data—that of the kite.  We have all flown
kites, and know something of their behavior. They are of many shapes and
sizes, and may be built of almost any material, and flown in many ways,
but the principle of sustentation is the same. When held by a single
string, the surface is perpendicular to it, which shows that the thrust of
the air is normal to the kite. We remember, too, that there is always a
particular point at which the string must be tied which gives the best
flying results, and this point is adove the centre of gravity.  This shows
roughly that the centre of pressure is not coincident with the centre of
gravity of an aeroplane. A similar diagram of forces may be constructed
for the flying kite as for the bird’s wing. Thus in Figure 3, Plate 1, let
AB be the kite, and C the centre of pressure where the string is attached.
Construct the parallelogram of forces where CF represents the drift
and CD the lift. If to the lift we add the weight of kite tail and
string, we get the total carrying power; and if from the drift we
subtract the drag of the tail, we get the power required to hold the
kite, or otherwise to prope/ it through the air. This is the ordinary
kite with which we are familiar. We have frequently heard of types of
kites which are flown in the East, notably by the Chinese, Malays, and
breezes, in fact, almost in a calm. I had the opportunity of seeing one
in the Javanese village at the World’s Fair in 1893. A type of such kites
is shown in Figure 2, Plate 8, and was constructed by Mr. W. A. Eddy, of

Javanese. These are tailless kites, and are flown in the most sluggish

Bayonne, N.J.  He has flown it in an exceedingly slow breeze and can
fly it in a calm by walking at the rate of a couple of miles an hour. He
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has found that just previous to a reverse of the breeze, the kite partakes of a
rocking motion from side to side, as if beating the air like a bird, When
the wind ceases the tension on the string is released, and it hangs down-
ward ; the kite then slowly descends in a slanting direction, but when
the wind comes up from another qQuarter the descent ceases, the kite
catches the wind, backs away, and ascends again,

No little attention has been directed to the singular kites constructed

by Mr. Lawrence Hargrave, of Australia, A type of these is shown in

Figure 1, Plate 8. The principle involved depends on two well-known
facts: “The necessary surface for supporting heavy weights may be
composed of parallel strips, superposed, with an interval between them ”
(see Wenham and Langley); and “two planes, separated Dy an interval
in the direction of motion, are more stable when conjoined.” The
construction partakes the form of a cellular pigeon-hole hox on the under
side of the compartments of which the wind acts. The angle at which
they float is very small, and as a consequence the kite may take up a
position almost in the zenith. It is found that a kite with surfaces
concave on the underside pulls

about twice as strongly on the string as a
similar one with plane surfaces

Investigations “in the laboratory ” form one very reliable source of
S J

information in regard to the sustaining powers of the aeroplane. Prof, S,
P Langley, of the Smithsonian Institute, \\'ashinglon, has without doubt
furnished us with the most valuable information on this subject. He

made his experiments at Alleghany Observatory, and I w

ill briefly review
of showing important laws governing the
pressure of the air on moving planes.

124

a few of these for the purpose

His elementary apparatus con-
late 4. This table consisted of
sixty feet long, and pivoted on a
By suitable gearing this vertical shaft and the
volve at any speed, power being
steam engine. One end of the

apparatus for testing purposes,

sisted of a “whirling table,” as shown in P
a very light wooden trussed structure

shaft at the centre. table

supplied by a small
table was arranged for attaching certain
the balance of each arm being retained.
By an electric circuit and a chronometer

behavior of the table could be recorded.

height of eight feet from the ground, and the
winds by a high board fence.
to travel at

could be made to re

attachment, the complete
The arms revolved at a
whole was protected from

The outer end of the table could be made
any rate up to 100 miles per hour, and the
a radius that it could be considered practic
His first experiments were made w
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slide up or down under the balanced impulse of a spring. The whole
frame was free to revolve on a horizontal axis, the lower part, having the
plane, being heavier, however. A graduated circle was attached together
with a pencil recorder. The whole instrument was placed on the end of
the arm of the whirling table, and the table revolved, the plane and frame
being exposed to the direction of motion. The pressure of air caused the
lower part of the frame to swing backwards, while the plane travelling
forward at an angle on to new air released the tension of the spring, and
consequently rose in the frame, the pencil recording the amount of rise.
In the figure the records of the pencil are shown shaded. The signifi-
cance of this experiment is easily seen.

The next experiment in logical order was that of the resultant
pressure recorder. When a plane is advancing on the air at an angle
above the horizon, the resultant pressure varies in intensity and direction
according to that angle. This apparatus was constructed to investigate
this. An arm, shown in Plate 5, was hung at the centre in gimbal joints
in a support and standard, which was attached to the end of the table.
The arm was about seven feet and a half long, and at one end carried a
pencil and at the other (outer)a plane of any convenient size which
might be inclined to the horizon at any angle, a circle being attached for
reading such. The arm was nicely balanced, and the pencil fitted through
a collar which was attached to four calibrated springs (SS), and played on
a paper disc placed in a support. When the apparatus was set in motion
on the table, the plane being placed at any desired angle, the pencil
recorded on the paper not only the intensity of the pressure (as reduced
from the calibration of the four springs), but the direction or “ excursion
of the trace” in reference to co-ordination. This “excursion” could be
made in any direction with equal facility. In this way a law of the
resultant pressure could be deduced. Newton’s law in this instance made
the pressure on a plane moving in a fluid vary as the square of the sine of
the angle between the plane and the line of motion. Mr. Langley’s
researches have shown that this is quite erroneous, and, though his
apparatus was constructed more for an approximation to the quantitative
pressures than for precision, the discrepancy is sufficiently great to entirely
change the complexion of the previous law. As an instance, for an angle
of 1o” the theoretical vertical pressure would be sin? 10° cos 10° = 0.030 of
the pressure on a normal plane moving with the same velocity. According
to these experiments under similar conditions, it is 0.30 of the same
pressure, or ten times greater. Rather than give any tables of Langley’s
results, I have plotted a curve representing in general the rate of variation
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of the pressure ; that is, the ratio of the total normal pressure P on an
nclined plane to the pressute P, on a normal plane at the same vclocity.
In the diagram, Figure 1, Plate 7, the abscissa are the angles of inclination
to the horizon, and the ordinates the ratio or percentage of the pressures
(P+P,). I have also plotted a curve showing the Newtonian law within
the same limits. The inferences from this diagram will hardly need
explanation.  The practical experiments show that the lifting effort
increases much faster with the angle than was hitherto supposed, a fact
which is surprising and most important,

Probably the most important experiment made by Mr, Langley was
that with what he called the “plane dropper.” Its construction was
simple. It consisted merely of a frame and standard, to be attached to
the end of the table, provided with a set of vertical guides in which
moved anti-friction rollers attached to a set of two horizontal planes. (See
Plate 6). The planes being held by a catch at the top were released
electrically, and fell some four feet, passing vertically down the guides and
striking on a spring cushion at the bottom. The planes were capable of
being inclined to the horizon at any angle up to 45°. Five pairs of
planes were experimented on, ranging from 6 x 12 inches to 18 x 4 inches
each, end weighing an average of 120 grammes per pair.  The additional
weight of the falling piece was 350 grammes, or a total of about one
pound. The time of fall from the breaking of contact at the top to the
making of it again at the bottom was recorded on the chronograph. This
record, together with that of the rate of the table, the angle of inclination),
and size of the planes, afforded a means of determining the sustaining
power of the air with regard to speed and area. Mr, Langley made his

experiments with a view to three results : first, to show that the supporting

power of the air increases with the horizontal velocity, be the planes
either horizontal or inclined ; second, to determine what particular speed
is necessary to produce for different angles of inclination a lifting effort
sufficient for sustentation : third, to investigate similar facts with super
posed planes.

No doubt, the easiest way to show the truth of the first is to furnish
a diagram with the plotted results of the experiments; see Figure 2, Plate 7.
The abscisse are the horizontal velocities of translation in meters per
second, and the ordinates the times of fall in seconds, These were made
with two horizontal falling planes (18 x 4 inches), advancing long edge on
to new air. The theory of this is similar to that before quoted of the
skater on thin ice. Should the plane be at rest, only one unit of air
Serves to sustain ; but, while in motion, a number of units act, These
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experiments show the great value of speed for the sustaining of a moving
aeroplane.  Mr. Langley has found that better results are obtained with
the longer edges of the planes foremost ; the reason is obvious, for the
back parts of the planes are not acting on previously used air.

The relation of angle, speed, and lift is the very essence of the soar
ing aeroplane. It is evident that if the first law above is true, then there
is an angle for each speed of translation which will continually maintain
the acroplane in the air. Mr. Langley actually made such experiments.
He placed different planes at different angles, and then ran the whirling table
at increasing speed until the planes were just merely supported. He was
enabled, from the results, to calculate the respective horse powers acting.
Figure 3, Plate 7, shows the plotted results of two sets, 18 x 4 inches and
8 x 9 inches, moving at different inclinations. ‘The abscisse are the
angles o inclination of the plane, and the ordinates the velocities in
meters per second. In regard to the third case of investigation, it was
found that the closeness with which the planes could be set was a function
of the speed ; the greatef the speed, the greater the relative proximity. The
air seems to be disturbed under the aeroplane for only a slight depth, and
this is the air which really might be said to do the work. The minimum
distance with Mr. Langley's planes was four inches. At two inches, a
decided diminution in the lifting power was experienced.

A result of prime importance is logically deduced from the preced
ing—-this is that, with heavy inclined planes in motion of translation, the
higher speeds are accomplished by less actual power than are the lower
ones. This is surprisingly paradoxical, and the fact led Mr. Langley to
continue his experiments directly for this purpose. He arranged an
automadic apparatus, called a component pressure recorder, to be used in
conjunction with a * dynamo-meter chronograph,” for recording the speed,
times, resistance to forward motion at the instant of soaring, the horse
power, and other phenomena. The latter instrument was placed on the
recorder, and was provided with an air screw propeller actuated electrically,
and recorded its own work. The recorder was a combination of the
resultant recorder and plane dropper, and was capable of recording
the instant of soaring flight of its plane, the location of the centre of
pressure on the plane, and the intensity of the horizontal and vertical
components.  The propeller was calculated to so actuate the whole
recorder as to counteract the air resistance to the arm of the recorder on
which it was situated. Knowing the power or pressure required to make
the plane of the recorder soar itself, and reproducing this by means of the
dynamometer, the power expended for different speeds, etc., was found.
Thus the paradox was demonstrated experimentally.
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Similar experiments were conducted by Mr. H. S. Maxim at Bexley,
ingland, and, it might be said, took up the work where Mr. Langley left
off. Mr. Maxim also provided a whirling table similar to Mr. Langley’s.
The circumference described was 200 feet, and power was supplied
electrically through the pivot to the end of the table. To briefly outline
Mr Maxim’s experiments : On the end of the whirling arm he mounted an
aeroplane and an electric motor actuating a screw propeller, which caused
the table to revolve. In connection he had mounted on the arm different
dynamometers, so that he obtained a record of the thrust of the screws,
the horse power exerted, the velocity of rotation, and the lifting effort on
the aeroplane. He tested about fifty different kinds of screws, and also
aeroplanes ranging from 3 x 24 inches to 3x 12 feet. He concluded that
long narrow planes, long edge on, slightly concave on the underside, and
at inclinations of from 5° to 10°, gave the best results. Screws with two
narrow blades of small pitch and with high velocity were the best. He
was able, with the aeroplane running at 6o miles per hour, to lift 133
pounds per horse power.

The late Mr. C. W. Hastings has compiled the results of a number
of experimenters into tables and diagrams which are too extensive to
touch here.  Some of his results may be mentioned, however. If the
the area of the supporting plane is constant, the horse power required and
the angle of inclination decrease with an increase of speed. If the angle
15 constant, the speed increases directly as the horse power, and inversely
as the area.  If the power ‘remain constant, the speed increases with the
decrease of both area and angle. ' The smallest angle is, therefore, desir-
able. “If the smallest angle which can be safely used be 5°, we see that
if the speed be decreased from seventy miles per hour to forty, then the
area required will be increased from 0.36 square feet per pound to 1.r10,
or more than three times: while the power required will decrease only
from o.015 to 0.009 (per pound weight), or considerably less than one-half.
This shows the advantage of high speed.

I have reviewed thus briefly the outline of the principal laboratory
data which is the basis of aerial sustentation.  In a paper of this kind it

i1s well-nigh impossible to present any complete collection of information,
and the foregoing must suffice.

We now come to the consideration of the theoretical and ideal
flying  machine—the requisites for its sustentation, propulsion, and
stability. ~ Such a discussion must be based, of course, on the foregoing
data, and hence must be, in part, somewhat a conjecture, for with the
exception of the renowned Maxim machine we have no actual working
data at hand.
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‘The requisites for a flying machine may be summed up as follows :

(1) Its various parts and members must be of the lightest construction
compatible with strength and stiffness, and the factor of safety must be
large.

(2) Its general configuration must be economical for space and
convenience, and present the least possible resistance to the air.

(3) It must be capable of rising gently, but swiftly, and supporting
itself in the air in storm or calm, for a length of time.

(4) It must have stability and be incapable of upsetting.

(5) Should be easily steered in any direction.

(6) Provided with a means of rapid and powerful propulsion.

This enumeraton Mmay appear highly idealistic, but the practical
possibility is much clearer than is generally supposed.,

Taking the first division above—that of its mechanical construction
in regard to strength and weight, Just where the useful limit of
the compromise between these two conditions is remains to be deter-.
mined for the greater part experimentally. The basis of such, however,
would rest on the primary comparative value, weight for weight, of
different materials, Let us first look at different working m
this regard. A man will exert about one horse power for 1000 pounds
weight, or, working continually, can put out about one-sixth of a horse
pewer. Animal muscle is seldom subjected to more th
square inch tensile, and in ordinary 20 pounds. Thus the factor of safety
must be very high. A draft horse weighs 1,500 pounds per horse power,
a marine engine about 300 pounds, a locomotive about 150 pounds per
horse power. Birds, as far as can be learned, exert one horse power
for perhaps 20 pounds. Anything better than the latter in mechanical
construction would have been thought impossible a few years ago, but it
is already surpassed by actual results, Munro’s yacht “Norwood ” is run
by boilers and engines of nineteen pounds per horse power. Langley has
built an engine at the rate of twelve pounds per horse power, and Maxim
has an engine of 300 horse power, which with boilers and all
weighs not more than six pounds per horse power,
the problem of the weight of the propelling machinery is solved even
beyond our hopes, for it has been previously predicted that could we
design a motive power at twenty pounds per horse power the success of
aerial flight is all but a fact. My, Maxim’s engine is built of the very
finest tool steel, and all possible parts are made hollow, with the
very best workmanship and the greatest care. It is to be noted, however,
that he states his engines to have cost their weight in silver,
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Professor Thurston says :—* The reduction of weight may be accom.
plished by advances in either or all of three directions : (1) Reduction of
weight of material by improved design and proportions ; (2) increase
of ratio of strength of the materials used to their density ; (3) increased
velocity of motion of the moving parts of the machinery transmitting
energy.” Much has been claimed the past years for the new aluminum.
Aeronautical research has shown a great part of this to be a fallacy ;
the reasons are well known without detail here. In regard to the relative
value of materials, we have the following table compiled from Langley,
Hunt, and Hall :—

e o | Toaeonat renth et spports

its own weight,

Cast Iron.r ....... ‘ ..... 444 lbs, f 16,500 Ibs, 5,351 feet.
Ordinary Bronze........... 525 “ | 36,000 * 9,874 “
Wrought Tron ........... 480 “ ‘ 50,000 “ 15,000
Hard Struck Steel. ... ... .. 490 “ 78,000 ** 22,922 *
Aluminum............... 168 ¢ ‘ 26,000 * 22,285 ¢

This clearly decides for hard steel in construction where combined
strength and lightness is required ; which means, then, that all framing of
a machine requires hollow steel rods, steel wire guys and bracing. Cast-
ings and drop forgings of steel are, apparently, better than any kind of
alloyed aluminum yet made. Piano wire steel has been drawn to a
tenacity of even 300,000 Ibs. per square inch. Certain alloys of aluminum,
with copper and nickel, have been very successful in regard to strength,
but there yet remains the difficulty of working the metal. Wood may be
used under circumstances, but, in such occasions, attention is directed to
the increased air resistance which might arise. It is needless to point out
that the factor of safety, under all conditions, must be large.

There is not much to be said on the subject of configuration outside
of the air resistance. Our best models for such are the bird and fish,
Each of these present a very small forward resistance. Their lines and
surface friction are such that the resistance may be almost zero. This is
the reason that most aeronautic constructions built for speed are elon-
gated, or “cigar” shape, as we know it. The balloon * La France”
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measures 165 feet in length, and 27.5 feet diameter, the maximum trans
verse cross-section being at about 40 per cent, of the length from the
front. Fora flying machine, however, the circumstances would be much
altered from those of a balloon. If the sustaining apparatus be a rigid
aeroplane, the forward resistance will be limited, for the greater part, to
the car and machinery section, although, by the way, the resistance of
bracing, etc., has been found to be surprisingly great, Insuch a machine,
then, the orward part of the “deck ” might be protected by a light con-
struction of fine lines which would cut the air with the least resistance,
and divert the wind current from all deck apparatus but the propellers,
In such, however, the division of the currents should not be great enough
to effect the efficiency of the propellers, aeroplanes, or steering apparatus.
As for the economy of space, that would necessarily take care of itself in
the economic mechanical construction.

We now consider a requisite which is of vital importance, and which
will require a lengthy discussion —that of the supporting power. In this
we will merely consider the theories in regard to the *“soaring " machine.,
The controlling conditions of stich aerial support are quite dependent on
each other.  They may be summarized as follows : (1) The weight of the
machine ; (2) the area and character of the supporting surface ; (3) the
angle of the supporting surface ; and (4) the velocity of forward motion,
and, consequently, the power.

In considering the Supporting power of an aeroplane, we must always
bear in mind the fact that the upward impulse is directly dependent upon
the thrust of the new air on the underside of the plane. We have seen
how the laws of such pressure are deduced. It is true that they have been
made on a small scale on small planes, but the concordance of the
experiments leads us to infer that they are similarly applicable to larger
areas. The air is such a very light and mysterious substance that not
only does difficulty of experimentation arise, but it will be a long timé

before man will realize that its supporting power is something quite

material.  Those who have really been up in the air in a free machine
tell us that we “cannot imagine what a delightful sustaining power there
is” in the air.  We have seen how the sustaining power depends on the
angle of inclination of the moving aeroplane, and the velocity with which
it is propelled. If we follow out the principle presented in the table on
soaring birds, we could arrive at a series of tables for the weight which
would be sustained by one square foot of aeroplane moving at a known
rate and angle. We have seen, in Plate 7, how the sustaining power is a
function of the normal pressure, and how the power increases with small
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angles and high velocities. Experiments have led

us to believe that
inclinations of from 5° to 10° are

the most serviceable, True, better
results might be obtained by smaller angles, but the stability of the machine
in a longitudinal direction would then be endangered. Let us look at
the mathematical considerations for an aeroplane, with car, etc., attached,
passing through the air. In Figure 3, Plate 8, let AB
car and apparatus, and D the propelling machinery. Suppose R, be the
air resistance of car and attachments, W the weight of the machine, and o
the angle of plane. Then we have N COS a=
force where N is the normal pressure of the
N sin a=R,,, the horizontal resistance
the thrust of the air on the underside of the plane,
a=V=vertical part of wind pressure, and L sin a=—H
of wind pressure. Let T=the
have the following

be the aeroplane, C the

=P=the vertical sustaining
air caused by the velocity.
to motion of aeroplane, If |, be
then L. cos
horizontal part
thrust required for propulsion.

conditions of equilibrium and ,motion of the
P+V and W must act through the centre of pfessure of the plane. The
centre of gravity must be below the centre of pressure or lift.
T must=R_+R,, and when P + V=W ther
tally, When P+V js greater than W the

less it will fall,

vice versa.

Then we
machine :

The thrust
matine will proceed horizon-
machine will rise, and when
With increased velocity or ‘l the machine will rise, and

.
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angley formule and diagrams, toge
and Duchemin, we have a (l:t;ﬁh'itc
up lift and forward motion with re
aeroplane of known inclination,

on an inclined plane is expressed as a pergentage of that on
plane, we have with an angle of, say, 8", the normal
the lift o.257, and the resistance to
0.036, by the De Louvrie formulz,
at the extent of the supporting surface to ¢
Let us look at the number of square
different conditions.
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By means of the I

ther with those
of De Louvrie
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gard 16" the normal pressure on an
For inst_ﬁ.nce., where the normal pressure
a vertical

pressure o.260,
Rérizontal motion or “ drift »
By this means we can arrive
arry a given number of pounds.
feet per pound required under
Referring to the accompanying table of birds, we
see that the rate varies from 3-191 square feet per pound for the night
hawk to o.442 for the wild duck. Good soaring birds, such as the
petrel (0.833), pelican (0.737), stork (1.406), and tawny vulture (0.682),
lead us to believe that we ought certainly to fly with a machine carrying
one square foot of sustainer for every pound weight. It is with this
assumption that experiments have been actually made, and we will see

further on how this rate has been much surpassed.
8
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[t has been pointed out how we may consider the support by means
of an aeroplane as being obtained by driving the new air downwards.
Considering the subject in this way, we will see it much clearer. Suppose

A V4

we take the formula » S0 well known, where W is the weight of the

o
mass of fluid acted up(';n in pounds per second, V the downward velocity
in feet per second, and g as 32.2 feet per second. To illustrate this, let
us consider the power expended to do the work. Take two machines
each weighing, say, 1000 pounds. Let one be capable of being run so as to
act on, say, 2000 pounds of air per second. Then 2000 =+ (32.2 x
1000) = 16.1, which is V or downward velocity. If now we determine

, ; Ve
the horse power to accomplish this alone, we have W ' - 550, or
28
2000 X 250.21 g
- g + §50 14.64 horse power. Suppose, now, we double
4.4
the quantity of air acted upon, we have V = 8.05 feet per second, and
4000 X 64.8 th P oA 4
4 = 550 7:32 horse power. The significance of this is
64.4 )

apparent, that much is te be. gained by acting on a large quantity of air.
Such can be accomplished ip: two ways, either by velocity (which fact we
have seen before) or by .large aeroplanes. The figures as given above
refer, of course, to propulsinn as regards the aeroplane alone, and not to car
resistance,

It cannot be too strongly urged that the aeroplane must be driven on
to new air previously undistutbed, that this air must be driven downwards,
and that at a fast rate. As .has been before intimated, the lifting effort
with regard to the thrust is. found to be very much greater than was
hitherto supposed. The figures from the De Louvrie formula ahove will
show this. The lift is seven times the drift or thrust horizontally ; that is
to say, if the propellers of a machine gave a clear thrust of one foot, the
lifting effort produced would be seven pounds, with an aeroplane at an
angle of eight degrees. This fact has been already borne out experimentally.

From the foregoing, it can be readily seen that the problem of actual
flying is very easy of solution ; that a machine, once up, can be propelled
with a minimum amount of power, provided the velocity be sufficiently
great.  The power is required at the rise, and that is where the difficulty
will always present itself—to say nothing of the descent. If the angle
of an aeroplane be rigid, and the machine be constructed so as to rise by
a forward thrust, the angle, when rising, will be much greater than when
proceeding in horizontal flight, the speed cannot be so great, and there is
an additional effort required against gravity, so that a great deal of power
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1s consumed. By any scheme of aeroplane it is
rise in this way by a forward impulse—riding #p on the air, as it were,
Some experimenters have suggested screws revolving on
expecting thereby to raise the machine vertically, so as to avoid the
horizontal running start, as they call it, They forget that with rigid
aeroplanes such a procedure is very difficult.  If it were possible to
automatically collapse the aeroplanes, the case would be different, but a
direct rise otherwise would require a very great displacement of air,
Professor C. V. Riley has suggested propellers moving on shafts which
can be turned through a quadrant, from vertical to horimnml, at will,
The consensus of opinion, however, leads us to expect that rising will be
effected by a gentle forward and upward progress, Suppose, we will say,
that the rise, after leaving the ground, will be at an angle of 20°, then
our aeroplane is encountering the air at an angle of, say, 28°. In such a
case, by reference to De Louvrie, the normal pressure is o.751, the lift
0.662, and the drift ©.354, so that only about two pounds could be
perone pound horizontal thrust, [f rising at an inclination of 109 the
upward thrust would be over three pounds.
arrange a system of aeroplanes which could
stances, much power might be saved.

a practical necessity to

vertical axis,

raised

If it were possible to
be adjustable to such circum-

Much ridicule has been hurled at the flying machine in regard to its
ability to descend to earth—very much like the Irishman who didn’t mirid
the falling, but objected to the sudden stop.  In reality such difficulties are,
perhaps, more imaginary than real, Suppose we have a large aeroplane,
and that we have wings, as it were, on each side at an inclin
in Figure 4, Plate 8; and suppose cur propelling
in mid-air. The whole would settle to the earth like a parachute, and would
land with little shock. Landing under such circumstances would 500N

become a matter of practice. This will be spoken of further on under
\[ﬂl)‘“l)’.

ation, as shown
power is suddenly stopped

Altogether, it appears to be gener
system offers the best
method of ascension,

ally conceded that the aeroplane
supporting power, the swiftest and gentlest
with the simplest attachments, therefore, that has
as yet been investigated.

Let us look now, briefly, into the

character of the supporting surface,
Hitherto we have

been treating the subject of the acroplane as if it were
one plane upon which the wind was acting,

[t may be said that there are two systems of aeroplanes which are
advocated,  The one, that of the very |
necessary side planes

This was done for simplicity.

arge aeroplane alone, with the

and rudders, of course ; the other that of a
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series of long narrow planes arranged to advance long edge on the air at
the necessary angle.  ‘T'he first system has the advantage of being very
simple, and offering, probably, a more stable and safe support, due to its
parachute properties. Maxim is the leading disciple of this system.
The second system has grown out of Langley’s experiments, which show
that the best results to be obtained for soaring are with the narrow planes.
It will be remembered that Langley made his experiments on real planes
for simplicity. It is to be desired, of course, in the aerial construction,
that all supporting planes be concave on the underside. This is more
easily accomplished by the series of narrow planes than by the single
large one. The large plane must be so placed as to not interfere with
the action of the propellers or steering apparatus in shutting off the air
or creating an adverse current. It has been suggested to arrange the
narrow planes in a superposed series similar to that shown in Figure 6,
Plate 8.  Each narrow plane thus gets new air, which does its work
quickly, and passes off at the back end. There is less loss at the sides,
too. The intervals between planes should be considerable, at least the
same as the width of the planes. One objection to this method is that
the propellers, etc., if situated behind the planes, are not efficient, and,
if before them, render the planes inefficient, while, if below, would make a
cumbersome construction.

As to the materials for aeroplanes, experience seems to point to
light balloon cloth or “gold beaters skin” for exceedingly light
construction.  This can be stretched upon the very light metal or wooden
framework of the plane. It has been urged, however, that this material is
too frail, and that something stronger is preferable. Oiled linen weighs
about 2.6 oz. per square foot, and makes good material. A new material
is suggested, and has been found very satisfactory—a wire woven web made
of very light aluminum wires is varnished, and the interstices filled with a
light elastic varnish, which altogether makes an impermeable web about
one-fiftieth of an inch thick and weighing 3 ounces per tquare foot.

Sections 4 and 5, as mentioned in the requisites for the flying machine,
might be treated together under the head of steering and stability. Steer-
ing horizontally is probably most easily accomplished by the use of twin
screws, as in sea vessels. The steering vertically is where our difficulty
lies. We must remember that in aerial navigation we have all forces
resolved into three directions, whilst in marine navigation there are only
two. Vertical guidance can be effected in part by speeding the propellers
—as pointed out in the conditions of equilibrium and motion. This,
however, is limited, and vertical rudders, revolving on horizontal axes, must
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necessarily be used. In Figure 7, Plate 8, is shown the effect of the
rudders, as illustrated by the Maxim machine.
aft rudders, each with its work to do.

Here there are fore and

The matter of stability is of vital importance.  As previously inti-
mated, the centre of gravity should be as far below the centre of lifting
effort of the machine as possible. This is easily obtained with a machine

of the Maxim type, the former being down near the deck and the latter
up in the aeroplane. There is one fault which we are, perhaps, likely to
overlook in our idea of the ideal machine, and that is an extremc in
v\"cight. If the machine is 70 light, it will be clumsy, and will have small
momentum ; its stability will be lessened, and it will be liable to topple
over in the first gust of wind. The air is so subtle and light that we must
expect great difficulty in providing a steadiness of motion. We know the
birds retain their equilibrium intuitively ; it is affirmed that they sleep on
the wing ; and our balancing apparatus, then, must be something of the
same sort. It is frequently suggested. to provide some automatic electric
balancing agent to accomplish this, but so far no success has been attained,
Recourse to additional planes seems to be the only solution.

For transverse stability—that is, the prevention of side rocking and
tipping—an imitation of the bird’s wings seems to be preferable, The bird
can preserve his equilibrium by placing his wingsat a diedral angle from his
body. This is such that if the body tends to rotate about a longitudinal
axis, the wing which descends receives additional pressure from the air on
account of its position, whilst the upper wing, being very much inclined
upward, receives so much less. This principle is followed in several
designs of machines now being tested. If side planes were projected, as
shown in Figure 5, Plate 8, from each side of the main aeroplane system at
an angle with it, they would attain this end. This condition is observed
in boat building, but, besides, the boat has a keel—why not the air ship?
Such would tend to prevent the rocking motion, though it would not help
the supporting members. If the machine were sustained by the com-
pound aeroplane system, the matter of transverse stability is simpler on
account of their arrangement. Now comes the stability about a vertical
axis, the prevention of a tendency to move in a horizontal circle or
oscillate horizontally. This might be caused in a ship with twin screws,
or where one side is heavier than another, or by a side wind. A couple is
formed about the centres of pressure and gravity, and the ship may
alvance, perhaps broadside on. A keel and a controlling screw speed
or a rudder for horizontal steering ought to prevent such; at any rate an
attentive hand “at the helm ” is required.
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As for longitudinal stability—that is, the prevention of a fore and
aft motion—it appears to be the most serious problem in this connection.
There is less opportunity for experiment, which, with the fact that the
fore and aft motion is limited
chances less.

in the aeroplane machine, renders our
A number of things endanger longitudinal stability—the
speed of propellers, head winds, sudden shifting of centre of gravity, and
rudders. Much has been written upon this part of the subject, but as

yet no definite information is at hand. Some advocate a horizontal keel

like the fins of a fish, others a judicious manipulation of fore and aft
rudders (see Plate 8), an automatic shifting of the centre of gravity, or the
speeding of the screws. All of these have objections, and it is hardly
likely that the problem will be solved until practical mid-air trials are
made. In the Maxim ship with large aeroplane, although there has been
no opportunity to make actual tests, it is observed that this stability is
preserved in part automatically by the shifting of the centre of pressure;
which, with the centre of gravity, forms a turning movement tending to
right the ship.

The last requisite, but by no means the least, for the ideal machine
is the propelling apparatus. I do not propose to go into this at any length,
for it would require much space. All propelling apparatus can be divided
(1) The propeller proper ; (2) the motor: and (3) the
agent actuating the'motor. ~ Of propellers, there may be three kinds: The
feathering paddle, similar to the marine one: the wing or oscillating fin,
similar to the flapping birds; and the screw.

into three parts :

For obvious reasons, the
screw receives by far the greatest attention, and appears to merit it. The
screw is capable of marvellous things in the water, and similarly should
give the best results in air. To go into the theory of the screw is not the
intention here, but the peculiarities of its action in air should be pointed
out. The greatest drawback to the efficiency of the air screw is the very
great “slip.”  The tendency is, of course, for the screw to become
nothing else than a blower or centrifugal fan, forcing the air backwards
It is imperative that the screw advance upon fresh, undisturbed air, and
that it act upon as much of it as possible with the least amount of
disturbance.  We know that a motion of translation imparted to the
screw will decrease its efficiency. We also know that the pressure on the
screw blades will vary as the square of the speed, and consequently the
efficiency will vary inversely as the speed. . The efficiency will vary also
inversely as the angle of pitch, and directly as the square root of the area.
The thrust of the screw will vary directly as the area and speed. Hence,
we may infer that large screws with small pitch and velocity should give
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the best results. This seems to be correct in experiment, except in the
\1‘lu<’il'\'.

As for the motor much also might be written. Three kinds are
suggested-—the steam, the gas and the hot-air engine
The first may be of two divisions

y and electric motor-

the ordinary steam engine and the
steam turbine. It is toward a suitable notor that, perhaps, the greatest
energies have been bent in striving to solve the problem of flight.

appears to be at present resting on the ordinary steam engine.

Success
Electric
motors are not yet perfected, and storage batteries are out of the question

on account of their weight. Hot-air and gas engines are also too heavy.

This leaves us the two steam motors, Much is expected of the steam
turbine, but as yet very little progress has been made with it : there is
no doubt it will form a most efficient motor for aeron
The steam =ngine forms, then, our most reliable motor.
which we know much about, and is reliable

autical purposes.

It is a machine
and powerful, and can be
constructed of comparatively small weight.  Closely allied with this is the
agent actuating the motor—in this case the steam boiler,

Research in
the steam engine has also included this.

It is needless to point out that
the boiler must be of special pattern and construction : it must work
under high pressure, make steam quickly, use a minimum amount of fuel
—liquid, of course—and, like the marine boiler, work equally well in

unstable conditions. With the steam plant goes the condensing apparatus,

the pump and injector system, and the fuel feeding apparatus, together
with the fuel and water storage reservoirs,

In speaking thus far of the propelling apparatus, we have been con
sidering only the conditions affecting a large machine, and we have not
paid any attention to the single or individual machine, the parallel of the
bicycle—the former may be likened to the railway train. There is no
doubt that the time is coming when we will have machines of one-man
power navigating the air. The power will probably be supplied by the
foot pedal similar to the bicycle, though a man ¢
than o.2 horse power for any time.
of simple construction which, by
powers for propulsion.

annot generate more
We may find perfected gas engines
the aid of chemicals, will furnish small

We have now come to the consideration of the progress made thus

far in the flying of actual machines. To describe the varying fortunes of
these would probably quite comfortably fill a large book.
Hargrave have each designed
I do not propose

Langley and
and successfully flown model machines, but
to present the principles of these in this connection. |
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would direct attention to the two great types of machines which are now
before the world seeking success, which, it may be said, appears to be not
far distant. These are the Lilienthal soaring machine and the Maxim
flying machine,

Herr Lilienthal has, since

1890, been performing direct experiments
On an apparatus to be attache

d to the body of a man, by which he is
enabled to soar or gently descend from a high elevation to the earth.
Previous to that time he had directed his atte
certain problems of construction and to e
porting power, especially of curved surfaces,
attained considerable

ntion to the solution of
Xperimenting upon the sup-
During the year of 1893 he

success with his machine, and astonished the
scientific world with his marvellous feats.

less than a gentle gliding down
angle to the horizon ; that
Lilienthal believed that
problem was to follow
simple contrivance

These were nothing more or
wards against the wind at the least possible
is, covering the greatest horizontal distance.
the only way to successfully solve the flight
a purely tentative method, and having hit upon a
of supporting surface similar to th

at of the soaring
bird he proceeded to try bis wings, as it we

re, in a very humble way. He
succeeded in soaring downwards on a hillside ag

ainst the . wind, passing
only a few feet above the surface.

This simple beginning has been the
stepping-stone to great things, and he is now nabled to ride long distances
on the air in a gentle breeze.

His apparatus consists essentially of three members—the wings, or
aeroplanes, a vertical rudder, and a horizontal rudder. The framework is
50 contrived that the wings can be elevated, lowered, or folded backward.
The rudders are manipulated by the operator directly ; the horizontal one
being immediately behind him, between the wings ; and the vertical one
further back still. The horizontal rudder serves to
and closes the space back of the wings.
arm, between the wings, eithe

act as a sustainer also,
The operator rests on a Cross-
r by grasping it, or placing it under his arms :
in some cases he has arranged a seat. The wings and other sustainers
d with collodion to make it imper-
a very light but strong framework of
In the apparatus which gave the best results, the
wing surface was about 150 square feet, having a total spread of 23 feet,
and a width of wing of 8.2 feet. The whole weighed some 44 pounds,
which with Lilienthal’s weight placed the total at 220 pounds.
cavity of the wings is a point on which
certainly would have been impossible for him
the wings been planes. He

are built of a very fine muslin, washe
meable to air, which is stretched on
split willow or bamboo.

The con-
he lays unusual stress ; it
to accomplish his feats had
points to the birds, of course, for his
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proof.  Just here it may be mentioned that Lilienthal was among the first
to insist upon the concave sustainer. He was somewhat ridiculed, but
of late the experimenters have been looking favorably on it. It is unfor-
tunate that Langley has not given us any data on curved surfaces, but that
fact does not signify that he has no belief in their value. The great value
of concavity is its power of stability, which is exemplified in the Lilienthal
experiments. The sustainers were given a concavity to conform with the
parabolic curve so common in the bird.

The relation of weight to surface can be pointed out by reference 1o
the above figures. We see that he sustains in gliding flight alone one
pound for every 0.68 square foot of sustainer. This is the same as the
tawny vulture previously given, and shows the possibilities to which we
may attain,

Herr Lilienthal gives special emphasis to the stability of his apparatus,
and no wonder, for we can imagine how little there is between the
passenger and a broken head. The framing is very rigid, and when once
in the air and gliding forward descent is easy, unless a gust of wind
comes to disturb the poise. When anything of that sort happens,
requires quick and thoughtful action—a change of the centre of gravity, a
movement of the rudders and wings, and that very arefully. I'he move-
ment of the body— he head, arm, or foot—will suffice to alter the centre
of gravity sufficiently to obtain the equilibrium.  Lilienthal describes as
follows :—* You run down hill against the wind with lowered wings ; at
the proper moment you raise the carrying surface up a little, so that it is
approximately level ; and then, springing forward, you try by a proper
position of the centre of gravity of the apparatus to give it such an
inclination that it will glide along rapidly and drop as little as possible.”
The legs hanging from below the apparatus are kept well in front, which
tends to keep the wings on the wind. This part of the stability is
assisted by the horizontal rudder, which prevents the whole machine from
tipping forward, a motion which is quite possible with arched wings.
In landing, he throws the upper part of the body directly backward,
which tilts the wings strongly against the wind ; in nature this is most
noticeable when a heavy bird, such as a wild goose, alights. The rudders
must be so arranged as to not prevent a rapid backward tilting of the
machine when landing. Both the starting and alighting must be made
dead against the wind, as in the case of birds.

The shifting of the centre of gravity by the movement of the body
requires much Practice ; it must become almost automatic. Lilienthal
says a beginner is too apt to move his feet or body to the wrong side when
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attempting to right the machine. Perhaps the operator soon becomes
well used to his position when working against the wind, and he then
tries to pass across it. It is here that nothing but practice avails— like
bicycle riding. While in the air one has no time to consider just how
scientifically he is manceuvreing, but the preserving of his equilibrium
obtains all his attention, Altogether, this mode of flight is very much a
matter of diligent practice, and success is to be obtained only by failure.

The science of the soaring machine is very simple, being identical
with the soaring bird. There is very little mathematics, and that has been
all discussed previously,

The greatest velocity of wind in which Lilienthal dared to start was
about 16 miles per hour. Of course, the stronger the breeze, the least
angle of “aeroplane ” and flight will suffice. In a wind of, say, 10 miles
per hour he could glide downwards at an angle of 8° with the horizon :
in a calm he has even glided at an angle of 10°. In such a case,
the wings are very slightly tilted, and he estimates the uplift to be
8o per cent. of the pressure,; if normal. He attained about 30 feet
per second, so that with a surface of 150 square feet he obtained a total
uplift of 260 pounds ; whereas all that was necessary was 220. With a
wind of, say, 15 feet per second, and a gliding of 8°, the drop would he
2.1 feet per second, or the work by the ideal machine would be 0.8 horse
power. Lilienthal is now testing a small steam engine of about 2
horse power, and weighing, all told, 44 pounds. By utilizing this, it will
be seen that he will be enabled to accomplish Zorizontal flight against the
wind. There are no reports of the trials yet to hand, but there is no doubt
that success will be attained.

In Figure 1, Plate 9, is shown an elevation ofgliding lines. The
course A D was made in a strong wind, and at the culmination the
apparatus stood for several seconds inert until the downward course was
commenced. This was quite similar to the flight of birds already
explained.

During the past few years the eyes of the world have been very
attentively fixed upon Mr. Hiram S. Maxim, of Bexley, England. Without
descriliing the events and experiments which led up to the construction of
an actual flying machine, I will endeavor to describe some of the salient
points of his air ship, which has won for itself such an enviable reputation.
So much has been written in the papers and magazines that a detailed
description seems hardly necessary, and 1 will leave the members of the
Society to look up the subject, if they have not done so already.
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In his extensive park, Mr. Maxim has built a steel track 1,800
feet long, of 9 feet gauge, and outside of this a wooden znverted
track, which may be known as an outrigger track, of 3x ¢ Georgia
pine. It is upon these tracks that Mr. Maxim tests his machine.
The body of the machine is a platform about 8 feet wide and 40
feet long, which rests on four steel wheels on the inner track. Upon
this platform are mounted the engines, boiler, and all apparatus, together
with the supports for the aeroplanes, etc. The main aeroplane is 5o feet
wide and 40 feet long in the centre, and about 22 feet above deck.
The framework of this is supported by means of hollow steel tube
construction, thoroughly guyed and rigid with the deck. Fore and aft of
the main plane are the rudders, hinged horizontally, and acting as shown
in Figure 7, Plate 8 ; the forward one being 18 feet wide and 30 feet
long, and the aft one 18 feet wide and 23 long.  On each side of the
whole structure extend side planes or wings for transverse stability, as
well as for support. These are hung from the structure near amidships,
and are superposed, their longer sides being transverse to the centre line
of the machine. As these wings are 27 feet in length, the whole
clearance width of the machine is 104 feet, and the total length would be
about 93 feet, Aft of all the deck machinery are the propellers. The
shafts are about 19 feet apart, are mounted 11 feet above the deck, and
are run directly from the engines, which are placed at the same level.
The boiler is at the forward part of the deck, and forms a windbreak for
other apparatus. On each side of the platform extends an outrigger
wheel system, which runs under the under side of the outer track, giving
a vertical play of the whole machine of several inches. The centre of
gravity of the machine is five feet back of the boiler and seven feet ahove
the deck. (See Figure 2, Plate 9, for plan.,

The engines are marvels of strength and lightness, weighing the..-
selves only two pounds per horse power. They are a pair of high
pressure compounds of one-foot stroke, and pistons of five and eight
inches diameter. Each engine weighs 320 pounds, and the two together
have exerted as much as 363 horse power, though only for a short time.
The cranks on each propeller shaft are placed at 180°. The engines are
placed transversely to the deck, the steam pipes being led in at the inner
ends, while the propeller shafts are at the outer. Directly below the
engines are the feed pumps and reservoirs, the one set for fuel naphtha and
the other for feed water. The naphtha reservoir N and pump P supply
the liquid fuel to the gasoline boiler G at a pressure of fifty pounds per
Square inch, being run by a belt from the port engine. In the gasoline
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tank the naphtha is heated, by products of combustion, to gas, and is fed
automatically to the jets of the furnace. The feed water pump F and
reservoir W are run by means of the other engine, and force the water
into the boiler system at a pressure of about 330 pounds by means of an
injector.  There is also a device by which the rate of feed can be
observed.

Not the least marvellous part of the apparatus is the boiler. It
1S essentially a water tube boiler of a remarkable type, resembling
both the Thornycroft and the Yarrow, but much lighter. Figure 3,
Plate 9, shows a diagram in section. The cold water comes in at the
outer tubes (A) of the boiler (which form the feed water heater), at a pressure
of 330 pounds, or 30 pounds more than that in the boiler. This difference
is utilized in forcing the water (then at 250°) down through the
steam drum by means of an injector, in which it carries downwards
through the down-take Y the heated water in the bottom of the drum.
This is carried directly to the heating tubes near the burners, and soon
becomes steam. The outside tubes are of pure copper, and are % inch
inside diameter, and o5 inchi thick. The inside or real boiler tubes are

3
' 8

also of copper, 3 inch in diameter and so inch thick, and are made to
stand a bursting pressure of 1,650 pounds per square inch. Maxim says
he has been enabled to get a horse power out of three of these tubes.
There are about seven hundred tubes in the boiler, aggregating a heating
surface of about 800 square feet. The furnace consists of some 7,600
gas burners, burning naphtha gas under a pressure of 5o pounds. Great
difficulty was experienced in preventing the jets from blowing out. The
boiler has been run up to 410 pounds pressure, but seldom is above 300,
at which the engines easily exert 300 brake horse power. The motor
requires 6oo pounds of water and 200 pounds of naphtha for about one
hour’s run.

The boiler proper weighs 1,009 pounds, which together with 2oc
pounds of water inside, and the engines, gas generasor, and pumps,
puts the total weight of the motor up to 2,040 pounds (not including fuel,
feed water, or condensers), with a total horse power developed of 363
The weight per horse power, then, is 5.6 pounds.

Mr. Maxim at first designed an extensive system of surface condensers,
which was, in reality, nothing but the interiors of all the hollow tub

construction in the flying machine, and most particularly that exposed to

the air in the wings and planes.
After considerable testing of different screw propellers, a type was
decided upon which appeared to give the maximum thrust with the
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minimum slip.  These screws are two-bladed, 17 ft,
and built of light American pine of the least thickness. The face at the
periphery is 5 ft. 2 in, wide, and the pitch 16 feet, They are mounted on
hollow shafts of g5 inches diameter, 5 feet long and ! inch thick.
screws are capable of driving the machine on the rails

1Q In. in liameter,

These
at 40 miles per
hour, with 375 revolutions per minute. Mr. Maxim has estimated that
out of the 363.63, 150 horse power is wasted in slip, 133.33 expended in
uplift, and 80.30 in overcoming horizontal resistance when running

at 4o
miles.  The horizontal thrust at th

at rate has been measured at 2,000

pounds, though it may be much greater before starting,. On account of

the great loss in slip, it is seen that the diameter of the
great enough.  Mr. Maxim thinks it should be at least 22 feet, and he is
also making alterations in the framework to

SCrews is not

reduce the loss in resistance
from 80 to 30 horse power. He has experienced no difficulty
blower action of screws, for he found th

in the fan
at his screws actually drew in air
at the periphery, discharging it in a longitudinal direction,

screws he built were of a pitch of 24 feet, which was found tc

great.

The first

» be too

The aeroplanes were necessarily very carefully built. They were made
of Spencer’s balloon fabric tightly stretched upon a framework on both the

upper and under sides. The underside

times, until it was as tight as a drumhead, and was unaffected by heat

or
cold. The upper one was not so tight

y and permitted a certain circulation
of air between.  The fabric was lightly varnished with boiled oil.  The
main aeroplane was at an angle of one in eight in most tests.  The upper
side planes are hinged to the sides of the main one ; whilst the other four
on each side are attached to the bracing, one above the other. A very
great supporting power is obtained with the side planes, though in the
there were only several on each side. The total sustaining surface spread
in the experiments aggregated 4,000 square feet, All the “aeroplanes ”
are true planes and not concaved : Mr.

tests

Maxim gives no very particular
reason for this, though there is no doubt that better results might be

obtained with the curved sustainer. He also departs to a certain extent

from the teaching of experiment in exposing a very large main plane to the
air instead of narrow ones. He claims, however, that one
neeessity, for stability’s sake, but admits that the *
to be much more efficient than the main aeroplane itself,”
are directly controllable by levers at

large one is a
narrow wings are found
The rudders
the engineer’s hand, and these with
the respective throttles of the engines place the steering

gear in easy
command,

was re-stretched a number of
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In different parts of the machine are dynamometers for measuring the
power exerted.  Between the platform and wheels are calibrated springs
in connection with a dynagraph, which records the uplift of the whole
machine from the track.  Indicators on the engines and dynamometers
on the shafts record the horse power.  There is also a speed indicator,

The weight of the whole machine, with water, fuel, and three men on
board, was a little less than 8,000 pounds.

The Maxim machine exemplifies the true flying machine, accom
plishing flight by motive power actually aboard, and not depending upon
the wind. ~ Mr. Maxim, however, does not wish his machine to be known
as a flying machine as yet.  He says :—“ 1 don’t call this an air ship, or
anything else.  To me, it is merely a machine for making experiments in
acrial navigation.” Nevertheless, this machine has actually flown,  On
July 31st, 1894, it raised itsclf, not only off the inner track, but from
beneath the outrigger track, completely freeing itself,  This is the first
time any machine has ever actually lifted Zzself free from the earth, and,
though an accident, marks an epoch in acrial flight.

No better description of the action of the Maxim ship can b
presented than by reviewing the facts of the above accident of July last.
Several previous runs had been just made with steam pressures of from
150 pounds to 240 pounds, and the machine was pushed back over the
track to the starting place, at the workshop, and was tied up to a post and
dynamometer. The screws were set going at an increasing rate, until they
attained a speed of 375 revolutions per minute, and were exerting a hori
zontal thrust of 2,100 pounds.  The pump was delivering 5,000 pounds
of water to the boiler, and the safety valve was blowing off slightly
at 310 pounds pressure. At this juncture the signal was given to let
go, and the huge machine, with three men and all apparatus on board, shot
forward at a frightful speed of thirty-five miles per hour. The steam was
blowing off at 320 pounds pressure, and the speed of the screws increased.
Having run about 500 feet, the machine was lifted entirely from the lower
rails, and was running on the upper ones, the outriggers bearing al! the
additional uplift.  When this occurred, the machine had lifted its own
weight—8,000 pounds—and was really flying. At the goo-foot mark the
rear axles (two-inch tubing) buckled, and set their outrigger wheels free,
which allowed the aeroplanes to decrease their angle of motion, and con
sequently increase the uplift.  Steam had already been shut off, but at the
1,000-foot point the uplift became so great that the left hand forward
wheel left the safety track, and immediately afterwards the right wheel

crushed the other outrigger rail, and the débris became entangled in the
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deck. The machine swerved to the right and landed fairly on the
imbedding the wheels in the earth, and djq not
which showed that if the machine had been
fallen directly,

ground,
move after it struck
in the air it would have

Figure 4, Plate 9, shows a diagram of the lifting effort for three runs.
The diagrams were made with the (lynagruphs, and in the last run it will
be seen that the pencil ran completely across the paper.
show the distance travelled in feet, and the ordinates the
Mr. Maxim’s device for stopping his air ship on
At the end of the run the machine strikes against

The abscissae
uplift in pounds,
the track is novel,
a series of ropes stretched
across the track and connected with capstans in gear with revolving fans,
These soon bring the ship gently to a standstil],

Upon the run in which the accident occurred the lift amounted to at
least 10,000 pounds, though it could not be measured. The sustaining
area was 4,000 square feet ; the sustaining power was, therefore, 2.5 pounds
per square foot of surface—a fact which is surprising in the
we have no record of any flying creature of equal capabilities,

The fact that there js nNow a machine ¢

extreme, as

apable of surpassing nature in
Its power to fly or raise itself from the ground compels

us to admit that the
mechanical <'(m>i<lvr.‘|ti(ms, if

not already successfully disposed of, are not
far from realization, And yet, when we consider the re

:lation of mechanical
invention to similar natural machines, the surprise

fades somewhat. Man

has solved marine navigation in an altogether different method from that
provided by the Creator, and he has attained, we may say,
speed, perhaps ; at any rate, from the standpoint
has surpassed the fishes. So on land. We h

greater relative
of power generation, he
ave seen how the ln(-mnutivc,
the bicycle, and the electric car can Surpass any natural means of locomo-
tion, weight for weight, Why, then, is it to be wondered at that we should
look for similar success in the other natural element—ajr »

f\'ulh\\'illlsmn(ling this, however, the consummation of successful flight
Is still some Way off.  Man has made for himselfa machine with which,

we
grant, he may fly, but it is not to be expected that he will be

immc(liutcly
able to manipulate it. No one would expect even the maker of a bicycle
to be able to ride jt upon the first trial. The fortunes of a flying apparatus
depend on g purely tentative procedure, and in that direction only are we
t0 expect success, Many persons have pointed out a means whereby this
may be accomplished. Lilienthal takes a most practical way about it
Mouillard Suggests a very simil; method ; whilst Mr. A, p. Barnett pro-
Poses a procedure somewhat like Maxim in riding an aeroplane attached
to a l)i(‘y('lvq on a level platform, My C. B, Duryea gives us the novel




112 AERIAL MECHANICAL FLIGHT.

suggestion of tying our machine below a captive balloon, and thus practis-
ing.  Much might be learned also, theoretically, by the experiments on
models by Hargraves.  An idea has occurred to me which may also be of
assistance in such safe experimenting, especially in our northern countries—
that of running a machine such as Maxim’s on the ice, similarly to an ice
boat.  This would greatly widen the field for practice. I have failed to
see any similar suggestion, and have been somewhat surprised that it has
not been made.

The perfection of aerial flight will come gradually, as did other
perfected inventions which have revolutionized the whole world. We
cannot look for any one man to thoroughly solve the problem, but it will
be evolved from many sources, and these will at last contribute to the one
long-desired end. At any rate, the age of blind and unscientific trial is
now past ; we look to science to solve the remaining part of the enigma,
and we no longer expect signal failures of hopeful aviators who, like Icarus,
venture too far.

Niagara Falls, Canada,

January 22nd, 1893
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The fullowing articles and works of reference on aeronautical subjects have
been consulted in the compilation of this paper :

S. P. Langley . , , —« Experiments in Aerodynamics,”
“Internal work of the wind.”
L. P. Mouillard, , —« L’Empire de I'Ajr.”
“Gliding Flight,” in Cosmopolitan, Feb., 1894.
R. H. Thurston | —*“ Aeronautic Enginccring Materials,” Cassier's, Sept.,
1894.
C. E. Duryea . . . —“Practical Flight,” Cassier'’s, Sept., 1894.
H. S. Maxim . , | —«The Evolution of a Flying Machine,” address be-
fore British Association, Aug. 10, 1894.
“A New Flying Machine,” Century, Jan., 1895.
“Prospects of Flying,” National Riview, Sept., 1894.
“Development of Aerial Navigation,” North Amers.
can Review, Sept., 1894.
“ Aerial Navigation,” in Century, Oct., 1891,
2 O b ~“The Maxim Air Ship,” McClure's, Jan., 1894.
C. V. Riley. .., —«pMpp Maxim’s Flying Machine,” Sa’mtiﬁrAmerx’mﬂ,
Oct., 1894.

Vernon —*“The Flying Man » (Lilienthal), McClure's, Sept.,’94.
Elsdale —“Scientific Problems of Future,” Contemporary Re-
view, March, 1804.

—*“New Lights on Problems of Flying,” Popular
Science Monthly, April, 1894.
Horatio Phillips , —« Mechanical Flight,” Lngineering.
Jeremiah Head, , —« Locomotion in Air,” address British Assoc., 1894.
V. E. Johnson . . —‘“Notes on Aerial Navigati(m,” Westminster Review,
Sept., 1894.

The following special articles in Aeronautics (monthly, New York):

Otto Lilienthal , , —«The Flying Man,” April, 1894,

G. C. Taylor . , , —« Flying Devices,” April, 1894.

J. D. Fullerton , , —« Design of Flying Machines,” July, 1894.
William Kress , , __« Theory of Sailing Flight,” June, 1894.
F. H. Winston . . —*“Secret of Soaring,” Oct., 1893.

The following papers read before the Aeronautical Congress, Chicago,
1893 (Columbian Exposition) ;

C. W, Hastings, . —« The Problem of Aerial Navigation.”

J. Bretonnidre, , . —“Gliding Flight.”

G. C. Taylor , . . —“Gliding or Soaring Devices.”

A. M. Wellington , —« Theory of Sailing Flight.”

AF.Zahm,,, K _« Stability of Flying Machines.”

Lawrence Hargrave —« Experiments in Flying Machines,”

F. H. Wenham , , __« Suggestions and Experiments,”

R. H. Thurston, , _« Materials,”

C.E. Duryea , , . _« Learning How to Fly.”

A. P. Barnett , . . —*“Methods of Experimentation,”
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DISCUSSION

PraNciear Garurarmie, - The anthor is to be complimented on the
excellence of his paper, M shows a very large amount of research in
connection with a fascinating subject, It was the fashion not long ago 1o
pooh-pooh work of this kind, but lately so many respectable people have
taken an interest in acrial locomotion that it is no longer advisable to do
80, The older attempts in the construction of acrial ships were based on
what might be termed the fish idea. A fish I practically a body floating
o fluid of its own specific gravity, and capable of automatic motion.
The former air ships were balloons floating in the air, and propelled by
serew-tans, - The more modern idea is to imitate the bird, viz, a hody
heavier than ity surrounding fluid, and mamtaming flight hy utilizing the
reaction due to swift motion, One of the difficulties in imitating bird
flight arises from the fact that in the bird the supporting wings are also
the propellers. — In machines like Maxim’s, on the contrary, the support is
derived from acroplanes, which are simply set like the sails of a ship,
while quickly-revolving and comparatively small fans are depended on to
produce the motion,  If both functions could be combined in the same

organ, there would he Kreat gain i compactness,

Mk, Durr.—Mr, Mitchell has presented to us in a concise and
iteresting form all that has as yet been accomplished in aerial navigation
I feel that individually, as well as a soc ety, we are greatly indebted to
him for such a valuable paper, which will open up for many of us a new
and interesting field for thought,

One question which occurs to me, and upon which I have been unable
Lo arnve at any conclusion, is: Would the perfecting of aerial navigation
be in the best interests of humanity and civilization? 1 know of no possible
invention which would make so great a change in the life of the individual,
or in the customs or organization of communities, as would the successful
navigation of the air.  The change would be so great that it s
impossible to estimate its effects, and that they would be, in the main,
beneficial is, to me, very doubtful.

However, it is a question which we need not as yet consider seriously,

Though much progress has been made in the construction and oper
ation of flying machines, the greater part remains to be accomplished.
The danger from sudden squalls, the necessity of moving at a high
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ship’s native element, the ocean, in its various moods and aspects, so that
he may adapt the one to the other under all its varying conditions, with
safety to himself and profit to the world at large.

Faith grows with knowledge, and knowledge with experience, aided
by observation and reason; but practical demonstration begets faith, reason
or no reason. The generality of mankind has no faith in aerial navigation,
because no practical demonstration has been presented ; on the contrary,
the subject has been, and is, greatly ridiculed because of the many
unsuccessful attempts by disciples of false doctrines of the art and
disastrous consequences to ignorant, short-sighted, and reckless devotees,
Although the subject has now for some years engaged the attention of
scientists, very little is known either of the action of the air on the
supporting surfaces of birds, which afford us our only successful models
at present ; and in spite of eighty years of history of ballooning, the laws
governing the motions of our aerial sea, with its billows, currents, and
counter-currents, are not understood

The sciences of anemometry and aerodynamics being thus in their
undeveloped state, principles are advanced with trepidation, and most of
them lie in the realm of conjecture ; this dearth of reliable data precludes
the manufacture of any machine with a reasonable expectation of
approaching success. The tentative method pursued by Herr Lilienthal is

therefore commendable, and lies on the highway to success if supplemented

by the application of experimentally determined data and established
principles,

Since rapid locomotion on land has been affected by a departure from
nature’s methods, and since the screw propeller has no analogue in all her
wide domain, the problem of aerial navigation will, in all probability,
require, for its ultimate successful solution, instruments of propulsion, or
éven sustentation other than wings, but learners should study objectively.

Many theories have been advanced to explain bird flight, more
especially soaring flight, which the bird accomplishes with such grace and
ease, but which presents a harder problem and darker enigma than the
quick, complicated actions of flapping flight, so tiring to the bird. No two
theorists agree perfectly, but the following statement is fact : ax aeroplane
absorbs energy only from a variable wind, In a theoretically steady breeze
(no wind is absolutely uniform either in velocity or direction), the necessary
change of wind velocity acting on the surface may be cbtained by changes
in direction of flight, such as “circling,” etc., to the formation of “relative
squalls.”
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11y
°ts, so that ‘\ The amount of energy absorbed from a variable wind increases with the
tions, with 4 mass and spread of the Plane, large, heavy planes being much more efficient
' than small or light ones, The shape of the plane also greatly affects the
nce, aided .4_ amount of energy ‘transfenefi frgm the wind t'o thfe plane, more especially
ith, veasen where the plane is n.luch inclined to the direction of the wind. Prof,
avigation, Langley has also pon‘nted out tl"lat .the Dpower expended during flight
. contrary, ‘:‘ (I'f’(‘fea_fe’.f as the speed increases, .whlch Is surely a revelation, and appears
the many . paradoxical, as was pointed out in the Paper.  His experiments also furnish
' art ‘sd data by which we can show the strikingly analogous action exerted by
divotess. planes on water and air, respectively,
tention of i The pressure on a plane disposed at right angles to the current s
ir on the obtained theoretically by assuming it produced by the destruction of the
ul models . 4 momentum  contained in the mass of fluid that would, if unhindered, pass
, the laws through the boundaries of that plane per second.

ents, and

i Pl %‘:Az’r‘ v
s in their K V g
d most of % Av v .
precludes g RT ¢ ¢RT"°
tation  of - Y
ienthal is e
lemented P = pressure in pounds.
tablished E M = mass of air reacting,
: W= weight ¢
ture from &=acceleration due to gravity.
in all her : V'=volume of a pound of air,
obability, 7'=absolute temperature of air,
ilsion, or 2 =barometric pressure reduced to pounds per square foot,
jectively. R =a constant for air,
A =area of plane,
¥ mor(;a v=velocity of current,
':ﬁ;: atll:e Assuming ordinary values for the quantiti.es,
N A=15q. ft., p= 14.7 pds. per sq. in., T=62°+ 461°.
aeroplane We haveg: 32.19, R=53.2.
B L=tk x 0.002350?
\ecessary :
‘changes ' when % is a correction co-efficient applied because the assumed conditions
“relative d

O not obtain exactly, From Langley’s experiments on air we take the

average result,
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P=o0.001530*

and £ ]53 0.615
235

which is practically the same co-efficient as that experimentally determined
for water. Seeing that these results are so nearly identical for the two
cases, let us consider the aeroplane as the vane of a turbine or centrifugal
pump, and anticipate a like action of air on this surface as that of the
water on the vane. The pressure acting on the surface depends upon the
mass passing per second, and the angle through which its motion is
deflected by the resisting surface. Since the aeroplane is stationed in an
unlimited stream, the mass acting is governed by the size of the plane and
the configuration of its boundary, while the effective pressure per unit of
mass of fluid depends solely upon the angle of deflection ; the efficiency
of the whole system of transmission of desirable pressure depends upon
the shape, which should have a smooth curvature to avoid sudden changes
of direction, because a fluid as mobile as air is easily thrown into energy
absorbing whirls,

This theory, however, when applied 1o air, may need essential modi-
fication, since air being perfectly elastic and easily compressible the effects
of impact, instead of being harmful, as in the case of water, may, when
properly applied to fitting apparatus, become of immense utility, and form
an essential feature of the future flying machine,

In calling attention to the statements regarding the Maxim motor, it
is clear that a mis-statement has crept in. The heat required to furnish
300 horse power per hour, assuming a thermodynamic efficiency of 15 per
cent., and 42.5 thermal units per minute as the equivalent of one horse
power, is

300 X 42.5 x 60

=5,100,000, B.7.U.
0.15§ :

The total heat above 32° F. of 1 pound of steam at 320 pounds
gauge pressure is 1212.5 thermal units, and the heat supplied per hour is

1212.5 X 600=727,500 B.7"U.,,

or only about 14 per cent. of the amount required to produce that power.
Further, also, 200 pounds of naphtha, assuming that 15,000 thermal
units of heat are received by the water per pound of combustible con-

sumed, would furnish only 59 per cent. of the heat required to produce
the power.
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Attention might also be directed to the marvellous inefficie

ncy of the
Maxim machine as a whole, only 8o out of

a total output of 363 horse

power being useful as a transporting agent—efficiency, 22 per cent,

MR. MITCHELL.— With reference to the point raised by Mr,
Laschinger as to the six hundred pounds of water required by the
Maxim boiler for an hour’s run, I may say that the present wording was
due to a misconception on my part. The statement should bave read :
“The motor requires 60c pounds of water and 200 pounds of naphtha for
an ordinary run.”  As a matter of fact, the Maxim engine
power is calculated to use some 5,000 pounds of wate
naphtha for one hour’s run,

at 300 horse
rand 300 pounds of




HIRN'S ANALYSIS OF HEAT DISTRIBUTION IN
THE CYLINDER OF A STEAM ENGINE

Evcar J. LaAsc HINGER, B.A,Sc.

Watts’ original improvement on th
comen consisted in condensing the
and not in the cylinder itself,

e “atmospheric engine ” of New-
working steam in a separate vessel,
He knew that a tremendous amount of
heat was wasted by allowing steam from the boiler to enter the cylinder
which had the moment before been chilled by a
this loss occurring at every stroke, and he, therefore
condenser, and arranged a
opened with the

cold-water injection,
» Provided a separate
mechanism whereby a communication was
cylinder during the return stroke of the piston. His

other improvements of excluding the air from the upper end of the

cylinder by covering it and introducing steam to force the

piston down,
making the

the expansive power of steam,
rotary motion, etc., all followed in quick
) ’

cylinder double-acting, using
changing reciprocating into
succession.

G. A. Hirn* seems to have been the first one to call attention to the
fact that the walls of the containing vessel
contact with the cold conde
upon the action of the

» even though not in direct
nsing water, exercised a very great influence
steam in its passage through the cylinder. He
made experiments on an actual engine, and the results calculated from
data thus afforded showed that this action is inimical to conditions of
cconomy ; so he immediately set about to study more closely this
phenomenon, in order to determine means of dccrcasing the loss. 1In
this work, Hirn was assisted by Hallaner, Leloutre, and others, reports
and discussions being published from time to time in the “ Bulletin de la
Societe industrielle de Mulhouse.”  Professor Vil
Dery, of Liege University, investigated more
the steam, and deduced formulas, so th
Ieasurements the ““heat exch
fluid during a complete

Dwelshauvers-
fully this complex action of
at with data obtained from certain
anges ” between the walls and the working
stroke of the piston could be traced. The

*Hirn’s first publication of his the

ory appeared in 1855,
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attention of engineers and men of science was now strongly attracted to
this subject, and much experimental work has since been done.  Chief
among those who have furnished important facts and additions are Prof,
Zeuner,* Major English,t and Mr. Bryan Donkin, {

Without entering into speculations (which is beyond the province or
scope of this paper), the action going on in the interior of the cylinder of
an ordinary steam engine may be briefly described as follows :

Steam, saturated or slightly wet, is admitted at the beginning of the
stroke into a space enclosed by metallic walls, a space that had the instant
before contained vapor of a much lower pressure and temperature, the
exhaust of the previous stroke : thus a part of the entering steam met by
chilling surfaces is rapidly condensed, the water of condensation covering
them as a film, or whirling about as mist with the eddying currents of steam.
During all this time the walls have steadily abstracted heat from the steam,

Now, however, the admission valve closes, and as the piston travels
forward the steam enclosed completely begins to expand, and as it expands
Its temperature rapidly falls with the decreasing pressure, so that the walls
are now hotter than the fluid, consequently heat travels from them to the
Interior, the water on the surfaces evaporates, and this new-made steam
does work by augmenting the pressure acting on the moving piston. During
expansion, therefore, heat travels from the walls to the fluid.

Near the end of the stroke the exhaust valve opens, and the steam
finds relief either to a condenser, a low-pressure cylinder, or to the open
air, as the case may be. The steam escapes at a low pressure and tem
perature during the return stroke, and the walls, still being very hot, an
energetic exchange of heat goes on, the water on these interior surfaces
being converted into steam. During the process of exhaust, therefore, there
i a serious waste of heat, because the steam made by the heat absorbed
from the walls is incapable of performing any positive work on the piston.

When the exhaust valve closes near the end of the return stroke, the
steam enclosed is compressed in the space behind the piston, and its tem-
perature rises; during this operation, therefore, the walls, rendered cold by
their long exposure to the exhaust, may receive heat from the steam, but,
unless the compression is considerable, the exchange of heat in this case is
very slight and of little account.

The end of the stroke is now reached, and on admission a new
cycle of operations similar to the one just described begins again,

B s e e A S i S RO

* Zeuner’s Thermodynamik.,

t Transactions Institution of Mechanical Engineers, September, 1887.

¥ Transactions Institution of Civil Engineers, Vols XCVIIL, C., and CXV.
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Tracing now the effects of the

exchanges of heat for one complete
stroke :

pressure is practically that of the boiler
due to the heating of the walls more
enters than is necessary to do the w

During admission, the
steam, but owing to condensation
steam ork ; while expansion is going
am is re-evaporated, and thus increases the
pressure, doing work ; during exhaust, all the he
present at release, together with all the heat
evaporate that water,

on, part of the condensed ste

it contained in the water
furnished by the walls to
is absolutely thrown away,

The steam engine is a prime mover
convertible energy, and is now treated
The true method of engine
the cylinder is the only

» using heat as the available and
as a heat engine by all investigators,
testing is by heat measurements, and since
essential part of the machine,
considered, attention confined to i
for a perfect knowledge of
As a Hirn’s

thermodynamically
t alone includes all that is necessary
its efficiency as a converter (
analysis includes a knowledge of all the
for a complete test, it has been ver
Schmidt, “The calorimetric

The data to b

of heat energy.
Quantities necessary
y appropriately called by Gustay
method of engine testing.”

e obtained for such an investig
(1) Measurement of steam

heat furnished : this includes st

ation consists of :
supply and its quality, to obtain the total
cam used in the jackets, if there are any.
(2) A record of the cycle of operations going on inside the cylinder ;
obtained by taking the indicator diagram,

(3) Observations to determine the heat rejected ; by measuring the
used, observing its temperature
on leaving the condenser, and taking the
steam,

condensing water before entering and

temperature of the condensed
cylinder externally is included
In an engine with steam jackets, this loss
amount of condensation taking place in them

The heat dissipated from the
under the head of heat rejected.
is obtained by observing the
when the engine is at rest.
In Fig. 1, which represents the indicator di

agram, the events of the
stroke are designated as

(o) Representing the point of admission.
(1) o 5 cut-off.

(2) * “ release,

(3) i - compression,

and the parts of the stroke as
(a) representing the admission,
@
({.) “
(al) “

expansion,
exhaust,
compression,
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Poy P1s Pay Py, represent the pressures of the steam at the points in-

|

dicated.

ZERO U OLUME

7XIS

Le

Axrs Zermo PRESSURE

Vi, Vg, Vy, are the volumes of stroke behind the piston at the prin-
cipal points in the cycle. Since there is no pre-admission shown on this
diagram, the volume Vi, at admission, is identical with that of the clearance
which is the space behind the piston when at the back end of its stroke,

Let W, W,, W, W,, be the absolute work done during the different
parts of the stroke.

lo, 14, 1y, 1, are the intrinsic energies of the fluid in the cylinder at
the several points.

Now, let Q,, Q,, Q. Qu represent the heat exchanges between the
working steam and the walls,

Applying the theory of the conservation of energy—

Q=Io+Q-1I, - AW, (1)
when Q is the total heat brought in by the working fluid and AW, is the
heat equivalent of the work done during admission, A being the reciprocal
of the mechanical equivalent of heat,

Qu=I, -1, - AW, (2)

Q. =1I,+AW, -Mq, -G Q-q)-1, (3)
when M is the weight of the working fluid, and qq its heat of liquid cor-
responding to t,, the observed temperature of the condensed steam 1 G0
the weight of condensing water, and Qi Qs the heats of liquid corresponding
to the temperatures ty ti, of the water on leaving and entering.

Qa=1I4+ AW, - I, (4)

Now Q, the heat supplied by the working fluid, is found from the
cquation

Q=M (xr+q) (5)
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when x is its quality, and r and q the he
liquid corresponding to its observed pressur
If the steam is superheated
Q=M {[r+q+cy(t, - t)]
when t, is the observed tempe

at of vaporization, and heat of
€ p.

(6)
rature, and t that corresponding to its pres-
Sure ; ¢, =o0.4805 the specific heat of superheated steam.

Now I(, = I“(;(Xon() i ('0)

(7)
]1':(M+Mo)(x1nl+(]|> (8)
Iy = (M+M(,)(x:n._,+q._,) (9)
Iy= Mo(":&“:s"'q:s) (10)

where x with the reference
the points, n refers to the
liquid corresponding to the

subscripts represents the quality of the steam at
internal heat of vaporization, and q the heat of

pressures as taken from the indicator diagrams,
M, is the weight of steam compressed, which is not known,
We have also
Vo= M‘,(x“u,,i-\') (11)
(Vo+V,) (M+M,,)(x,u,+v) (12)
(Vo+V,) (M+x\l',)(x._.u._.+v) (13)
(Vo+V,)= My(x5uy +v) (14)

u refers to the change of volume which one pound of water, volume v, un-

dergoes when converted into saturated steam, volume s,

Now, since we have four equations and five unkr
to make an assumption in order to arrive at
may suppose, for the case of considerable
(a case rarely met with)

owns, it is necessary
For this purpose we
compression at a low speed

a result,

that x, =1
Vs Vs
. -8 6
then M, T (16)
In other cases assume Xo=1
then M, =—2__ Vo (17)
gk ot yereL 8
Vo+V, v
(y = - 18
aho x, = +Mo)u, ~a, (18)
Vo+V, v
(g = 3 _ _ I
= (M+ Mo)u, "o, (19)

Vo+V, 7
- &’ e 4 (20)
’ Mou:i Uy
The intrinsic energies and the dependent Quantities Q,, Q,, Qo Q4 then

umed as positive in the equations, but
€ steam to the walls is called positive heat furnished by

s
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antities expressing that heat will appe.

them will be negative, and the qu
in the result with a minus sign.
The only defect in this method of in

assuming the steam dry, either at compression or admission. Observations,
however, have shown that the assumption is practically true. Dwelsh
Dery calculates the heat rejected from the cy
walls by making it equal to the inte
in the cylinder at release,* thus
as dry; and he says that calculations thus hased agree with
ments within the limits of experimental error,

As a check on the results, howeve

W=W,+W,-w, - W, (21)
where W is the indicated work

Q.=Q+Q, + Qv+ Q.+ Q,

Qe=Q+Q;-G(q, - q)-Mq, - AW
Q. is the heat dissipated from the cyli
the heat furnished by the jackets.

By combining equations (3) and (23) we obtain
Q=I-1I,-Q- Q+Q.+A(W+W,)
in which case the quantities depending on the con

Since a graphical representation alw.

relative proportion of quantities than a
figures, Diagram No. 2 is drawn to show
of the Brown engine in the School of P
ties are plotted as areas on equal bases, a
their relative values, The engine
3o-inch stroke, 86 revolutions p
indicator card. Exhaust takes
there is very little compression, a

the steam then being
re-e

ar

vestigation as presented lies in

auvers-
linder due to the action of the
rnal heat of vaporization of the water
assuming the steam caught at compression
actual measure-

r, the following equations are applied

(22)

(23)
nder by external radiation, and Q is

(24)
denser do not appear.
ays gives a clearer view of the
mere statement, or an array of
the results of a Hirn’s analysis
ractical Science. The heat quanti-
nd their heights, therefore, represent
is 50 horse power nominal, 12-inch cylinder,
e€r minute. Fig, 3 is a copy of an average
place Practically at the end of the stroke,
nd steam is cut off at 8 per cent. of stroke,
32 per cent. wet, while at exhaust, owing to cylinder
vaporation, there is present only 21 per cent. of moisture, Though the
time of admission s so very short, still the heat lost by the entering steam

is very great, showing how very rapid and energetic the interchange must
be.

R
gineers, Vol, XCVIIL., 1888-89,
tThermodynamics of the Steam Engine, p. 192.

*Proceedings Institution of Civil En
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There are three methods of increasing the
of an engine, in so far as jt is affected by the m

(1) By superheating the steam supplied.

(2) By jacketing the cylinder with steam,

(3) By increasing the rotative speed.

If the entering steam were sufficie
initial condensation, and there
that powerful vehicle of heat,’
heated or dry steam is
indifferently from he

thermodynamic efficiency
aterial of the cylinder :

ntly superheated, there would be no
fore the steam being dry at release, “ water,
" being absent, and dry gases (of which super-
4 type) absorbing heat but very slowly and
ated surfaces, very little heat would be carried off,
Steam-jacketing induces a flow of heat from the outside to the interior
of the cylinder walls, and decreases the thickness of the periodic
consequently there is Jess initial condensation, and,
trated, the interior surfaces would be dry at re
would be rejected by them during exh
Since the heat absorbed by :
with the source of heat

portion,
if sufficient heat pene-
lease, and practically no heat
aust,

1 body varies with the
» it is plain that the shorter the
tion the less heat is transmitted,

depth the temperature flucty
heat exchanged,

time of contact
time of communica-
speed the less the
walls, and the less
spect be looked upon as a kind
of heat pendulum of ample capacity swinging between the limits of the
temperatures of admission and exhaust. This pendulum takes a ch

arge of
heat from the entering steam, Proportional somewhat to the time of contact,
SWings with its fre

ight to the exhaust temperature, and discharges heat as
long as it is allowed to remain in contact with the issuing steam. Mr,
Willians* made many careful experiments which prove
within the limits of his engine trials (maximum spee
minute), economy resulted,
tions on those tests, the
increased speeds,

and the greater the
ations will penetrate the
The walls may in this re

conclusively that,
d 400 revolutions per
and, according to l)wclshauvcrs-l)cry’s calcula-
heat exchanges were all greatly decreased with

Other considerations beside those of thermod
the application of the methods of incre
Statement and discussion of their
many specific and widely varying
Waived in this presentation

ynamics, however, limit
asing €conomy just stated, but a
practical value, more especially in the
uses to which steam engines are put, is

l",nginccring Lnl)oratory, School of Practical Science,
Toronto, Jan, 24th, 1895.

e ——————

¢ l'mceedings Institution Civil Engineers, Vol. XCIII., 1888,




THE VENTILATION OF SEWERS

By W, F, Van Buskirk, A.M. Can. Soc. C. &,

Sewer ventilation has received much attention in many works on
sanitary engineering ; therefore I do not propose going into an extensive
history of the subject, nor to weary you with a long list of chemical smells.
Smells may be very nice in the laboratory, but I must confess that I do

not appreciate them in a sewer, and generally keep out of their sphere of

influence as much as possible.

Were it possible to put in house connections, plumbing, and fixtures
that would remove the household wastes, and at the same time prevent
admission to the house of any gases or contaminated air from the sewers,
the necessity for ventilation would not exist, and the much-abused man-
hole grating would be banished from the streets. This is becoming
recognized as an impossibility in practice, however, and the shallow §
trap of the text-book, whose only fault was that it sometimes refused to
swallow a dishcloth, is in danger of losing its reputation as a defender of
the household. It will, no doubt, be some little time yet before our old
friend is returned to its proper station in society. It was only the other
day that T discovered a touching example of architectural faith in the old
S trap.  Cellar drains with gratings in floor at upper ends were shown on
plans as discharging into house drain on sewer side of cut off trap.

The best modern practice aims at making sewers <o perfect in align-
ment and grade that sewage will be kept moving at a nearly uniform rate
of flow from the house drain to the main outlet, without depositing solids
in any part of the system, and will reach the outlet before decomposi-
tion sets in.

Owing, however, to the impossibility of making perfectly smooth
joints, etc., and of maintaining a uniform depth of flow at all times, a
certain amount of the solids in suspension will be de posited in the system ;
and when decomposed or partially dried upon the walls of pipes will
form gases, and impregnate the air with bacteria.
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To mitigate this evil, flushing
of large quantities of fresh air to tl
Automatic flush tanks loca
liberate large volumes of water at
sized sewers and scouring the
of these volumes of water
fresh air is drawn in throug
systems immediately in re

at frequent intervals and the admission
1€ sewers must be resorted to,

ited at the heads of all
once,

branch sewers
filling or nearly filling the smaller-
walls and bottoms of pipes. The air in front
is, of course, forced out at manholes, etc., and
h all openings both in main sewers and house
ar of them. [t wi|l be seen, therefore, that
unless fresh-air inlets are Jrovided on sewer side of cut-off traps on house
drains, the seals of traps will be broken, and a clear way will be provided
for foul air and bacteria from street mains to interior of houses.

Exactly similar action takes pl
large quantity of water is disch
to provide ventilators for the
traps in use,

ace in each house syste
arged from a fixture,
admission of
These ventilators should
since they will both admit

m whenever a
S0 that it is necessary
air upon the sewer side of all
all be carried above roof line,
and discharge air with eve

Manholes with perfor
of sewer, admit and
ventilating purposes ;
centre of streets at inte
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ry change in density
ated covers will, if built at
discharge a sufficient amount
and as they are generally located in the
rsections are far enough removed from dwellings
any injurious contamination of ajr,

[t is important that any deposit on the w
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bacteria and their

of air in pipe system,
short intervals on line
of air for

alls of sewers be not allowed
y for the reason that the number of
Spores that can be taken up by air from dried sewage
is much greater than that from sewage in the liquid state,

In order to prevent deposits becoming at al] dry, flush tanks should
¢ timed to discharge after the period of maximum d
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“A badly-constructed, foul-smelling stone box drain, located below
the centre of the roadway, and having its outlet in the heart of the
business part of the town.

“The box drain is constructed of stone, with open joints, has rough
flag top and bottom, is two feet wide, and two and one-half feet deep, but
is now nearly half filled with gravel and dirt. This drain is connected
directly to cellars, sinks, etc., without traps, and has no openings for
ventilation, and is never flushed except by heavy rainfalls.”

Another, not in the same town :—“A ten by twelve box, made of
two inch oak plank, no bottom ; side planks kept in place by means of
short lengths of two-by-four plank nailed to lower edges. This sewer is
connected to wooden hox street gullies without traps, and to many cellars,
water closets, and sinks.”

Who will say that disease germs cannot escape from these ““sewers ” ?
Our friends, the physicians, have Mmany cases on record in their numerous
periodicals and reports which, upon examination, will convince almost
any one that diseases are communicated by sewer air.

The want of a reasonable explanation as to the manner in which the
organisms are carried from one point to another has been the stumbling-
block in the way of engineers. The recent experiments with the bacillj
of typhoid fever performed by David Arthur, M.D., King’s College,
London, will, I think, go far towards removing this block.  After
describing several experiments in a report to the recent sanitary congress,
he says:—*“ This, in my opinion, is one of the principal ways sewage
microbes find access to sewer air. The bacteria of the sewage may creep
like those of typhoid up the walls of the damp nutrient sewers, so that
they may be literally alive with them. Moulds here also grow with great
proliferation. 1In their struggle for existence they will often be covered
with bacteria, and in shooting forth their spore stalks must carry some
bacteria with them. When the spore stalks are sufficiently long to
project from the damp sewer walls, and have become ripe for dissemina-
tion, the clinging bacteria and their spores will become liberated, mould
spores and bacteria and their spores will be wafted with every air current ;
many will gravitate to the sewage, others will stick to the damp sewer
walls, others will be carried up the ventilators to the outside air, while
others, again, may gain access to dwelling houses.”

I am strongly of opinion that all wastes known to contain germs of

contagious or infectious diseases should be burned immediately, and
should in no case be discharged into sewers,
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This precaution will not, however, make it any the less necessary to
attend to the proper cleansing of sewers, as it will be found impossible to
destroy by fire more than a very small percentage of the disease germs
ordinarily reaching the sewers.

Stratford, Ont., January 10, 1895.

DISCUSSION.

MRr. W. L. INNI&S.——Recently a very important sanitary case was
argued in Peterborough. The town wished to disch
the Otonabee River, and the townships farthe

Some of the greatest sanitary e

arge its sewage into
r down the river objected,

ngineers, I)a(:lcriolnglsu, and chemists
of Canada and the United States gave evidence,

and the question was
thoroughly threshed out.

To me one of the most startling

announcements was that ¢ Sewer gas
is remarkably free from bacteria ”;

that whatever other poisonous gases it

contains, it is rarely a carrier of disease. may have carried away an

incorrect impression, but have simply stated what I beliey

€ was given in
evidence before the court of arbitration.
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THE CLEANING AND ANNEALING OF CASTINGS

| P McKixnon, '95.

—

The manufacture of iron is perhaps one of the

simplest and oldest
processes in existence,

and yet the best grades of iron and steel in yse at
the present time require exceedingly great care and a thorough knowledge
of the chemistry and metallurgy of iron and

its ores in order to produce
them.

History shows that for more than
ingenuity has been at work on this metal,
place in the economy of man,

three thousand years human

endeavoring to make it fill a

The first attempts were crude indeed. Imagine, if you can, a pit dug
in some side hill and then fuel piled in and kindled,

then ore and more
fuel, and this kept up long e

nough to reduce the ore to a comparatively
pure state ; and, next, if you will go and examine

some elaborately
arranged smelting apparatus and compare the methods.

To examine into the reasons for these deve
within the scope of this paper, but I w
namely, that the luxuries of one

lopments s scarcely
ould like to drop a suggestion here,

generation become the necessities of the
next. For example, in the early ages articles

manufzu‘lun d of iron were
of necessity few |)Ul as they
Y )

became more common they might be
regarded as essential.
While all men were only armed with bows and arrows a gun might he
regarded as a luxury ; but when one body of men came to battle armed
with guns and protected with coats of mail and iron
others who were still only provided with the
latter might well consider that the guns and coats of mail were necessities
which they could no longer afford to do without. Thus we see that as
time rolls on new uses are found for this, the most useful of all the metals,
and as a natural Sequence it rapidly rises into commercial importance,

helmets, and met
ir bows and arrows, these

Iro
distribu
as its or
con, phc
stances,
the proc
iron in a

The
and the
which ca

Fror
by the p
familiar.

It is
time of ca
to call y
processes
iron cast
foundries .
and then ¢
greater pa
mechanica
the castin,
small wor]
find that
character ¢
rolling, S
should con

The pi
a little tow:
with sheet |
The proces
solution of
peels off qui
tank, from
are washed ;

after which

solution was

The action s



INGS

oldest
use at
wledge
roduce

\uman
t fill a

it dug
more
tively
rately

wrcely
here,
f the
were
t be

ht be
‘med

met
hese
ities
it as
tals,

o A

TS

THE CLEANING AND ANNEALING OF CASTINGS. 133

Iron is, with the probable exception of aluminium, the most widely
distributed of all the metals, [t occurs in a great variety of forms known
as its ores, which contain, besides iron, qQuantities of oxygen, carbon, sili-
con, phosphorus, Mmanganese, and sulphur, along with many other sub-
stances. The separation of iron from its impurities is accomplished by
the process known as smelting, which consists essentially in roasting the
iron in a stream of air or oxygen.

The immediate product of the smelting furnace is known as pig iron,
and the particular brand of pig designates generally the proportions in
which carbon, silicon, etc., are contained in it,

From various mixtures of the brands, all the cast iron in use is made
by the process known as casting, with which we are all more or less
familiar,

It is to the treatment of gray and white iron castings, between the
time of casting and the time at which they are ready for use, that I wish
to call your attention this afternoon. It has occurred to me that the
processes used to change both the physical and chemical properties of
iron castings would be of interest to engineering students. Many
foundries simply brush the dirt from their castings, chip off fins and sprues,
and then they are ready for use. For many purposes, and, in fact, for the
greater part of the castings made, that is all that is necessary, but for
mechanical and other reasons the above process is far from producing
the castings in the condition frequently required. In foundries doing
small work, or on castings which require to be cut with machine tools, we
find that the practice is becoming more prevalent of changing the
character of such castings by processes known as pickling, annealing, and
rolling.  Such foundries shouid be provided with a cleaning room, which
should contain a pickling vat, washing vat, rolls, and an annealing oven,

The pickling vat is made like an open-topped wooden tank, inclined
a little toward an opening in one end. The sides and bottom are lined
with sheet lead, in order that it may not be affected by the sulphuric acid.
The process is simple, consisting of covering the castings with a dilute
solution of sulphuric acid, and allowing it to act until the sand, dirt, etc.,
peels off quite readily.  The acid is then drained off into another similar
tank, from which it may be dipped and used over again.  The castings
are washed in water, so as to remove the acid and scale mentioned above,
after which they are dried. Where I saw this process in operation, the
solution was composed ofabout twoparts of water to one of commercial acid.

The action seems to be that the acid attacks the metals, and in taking itaway
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134 THE CLEANING AND ANNEALING OF CASTINGS.

loosens the sand, etc., which has been set in the outside of the casting,

This process is always attended by the loss of the outside crust of the
iron, but in many castings strength is a secondary matter, as compared

with a smooth and clean surface, Again, the removal of the outside crust

is of advantage in castings used in motors and dynamos, due to electrical
and magnetic considerations, We may take it as a general

principle that
soft iron is more suitable for

electro-magnets than hard iron, so that by
removing the hard crust we decrease the magnetic resistance,

The rolling process 1s one much used to give a smooth finish to
castings.  ‘T'he most common method is to put the castings in metal cyl
inders, or barrels, of various S12es, commonly from three to four feet in
length, and from cighteen to thirty-six inches in diameter, along with some
chippings, sprues, and small scraps. . The barrels are filled a little more
than half full, and rotated at a moderate speed

y about from twenty to fifty
revolutions to the minute, the

speed depending on the weight of the
castings and on the size of the rolls.
Several kinds of rolls are used, those which I

had the privilege of
examining being made as follows :

I'wo circular cast-iron heads were
mounted on a shaft about two inches in diameter. At the outside of
all the way round, and in these

als around the circumference, The sides
of the rolls consisted of cast-iron staves about three

each of these there was a flange extending

flanges bolt holes at regular intery

or four inches wide,
which were fastened to the heads by means of

bolts passing through the
flanges.

Emery powder and sawdust are materials sometimes used in rolls, the

first to help wear away the surface, and the latter to prevent ¢

astings from
wearing rapidly away or striking each other heavily,

Some of late haye turned their attention to water-tight rolls, These

main difference between them and the other
style being that these will hold water,

have also metal cylinders, the
The cylinders are nearly filled
with castings, and the rolls are then filled with water and rot
ner similar to the others. It is claimed that finer w
this way, and as there does not seem to be

ated in a man-
ork can be obtained in
any great difficulty in making
to suppose that in many cases
displaced by water-tight rolls,

rolls of this kind it would seem reasonable
the old-fashioned rolls would be

Annealing is the name given to the process of softening castings by
heating them to cherry redness in a tight oven and keeping them hot for a
period ranging from twenty-four to one hundred and twenty hours, then

allowing them to cool slowly Though the process is much the same for
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THE CLEANING AND ANNEALING OF CASTINGS.

all castings, we will consider the treatment of gray and white castings sep-
arately.

The oven in which the castings are heated will here b described.
I have seen but one, which is shown in the drawings Figs. 1
This oven worked satisfactorily, and for this reason
advisable to take it as a type.

y 2, and 3,
I have thought it

It is built of hard white brick, and is as far as possible solid, which
gives it great stability and strength. It will be easily seen that strength
and thickness of walls are Very necessary on account of the long-continued
heat to which the walls are exposed. To further increase its strength iron
rods run across it, one on either side, which may be screwed up, the
stress, by means of long washers, being spread over a considerable area of
brickwork,

The outside measurements of the structure are six feet by seven feet
six inches, and eight feet high.  The door to the oven consists of two
pieces, each fifteen by thirty inches, and is built of brick, inside a cast-
iron frame.  The main frame to which these

doors are hinged is also of
cast iron,

The inside dimensions of the oven proper are three feet by four feet
six inches, the height varying from three feet four inches at the sides to
four feet in the centre, on account of the arched top whick supports the
brickwork directly above the oven. The fire grate is shown at the Jeft in
Fig. 3; and Fig. 1 shows the door to the firebox, which is twelve by fifteen
inches.  Beneath the grate is shown the ashpan, and a damper to
regulate the draft.  This draft is quite indirect, the products of combus.
tion being led from the fireplace by means of two flues which are built
in the brickwork, three inches below the oven., These flues lead to a
larger one, which is at right angles to both, and which runs into the
chimney at'the corner of the structure.  On the brickwork bottom of
the oven is placed a cast-iron bed with raised flanges crossing it in two
directions, and dividing it up into hollow squares, of five inches a side,
The thickness of metal throughout this piece is three-quarters of an inch,
and the depth of the hollow squares a little more than one inch.

The gray castings to be annealed are, if small, put into wrought-iron
pots, often rectangular in form, and of convenient size to be easily handled
in placing in the oven and removing again, and-are covered with sand, so
as to exclude the air as much as possible, and also to prevent the castings
from uniting with each other, while raised to the high temperature of from
7009 to 800° C. It is usual to fill these pots first and to place them in
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136 THE CLEANING AND ANNEALING OF CASTINGS,
the oven, where they will be expused to less heat than the larger pieces,
these being thrown in together, and ccvered with sand.  When all the
castings that are to be annealed at one time are placed in the oven, the
doors are closed up and all joints are daubed with fire-cl

ay, or sometimes
with common clay.

The fire is now kindled, and in the oven described wood is always
used, which seems to give better satisfaction than other fuels, since
the flame enters the cross flues better, and gives out its heat to bettet
advantage.  Thus a continually increasing temperature is obtained in the
oven until the desired temperature is reached, when the fire may he
slackened, and a constant temperature kept up for any length of time.
In the present case that period is usually about twenty-four hours, afte)
which the firing ceases and the temperature is allowed to gradually
fall until cool, when the oven is opened and the castings removed-
These castings will then be much softer than

before the treatment,
especially on the outside,

and the tensile strength is generally somewhat
increased, and the brittleness modified.

I'he process as applied to white iron castings is very similar, except
that in place of surrounding the castings with sand they are surrounded
by iron rust, hammer scale, or some substance rich in the oxides of iron,
The length of time during which the heat is kept
sometimes being as much as four or five days.
has a much more marked effect than on gr

pletely change the properties of the iron.

up is also increased,
In this case the annealing
ay iron, as it seems to com

From being the hardest and
most brittle of all castings, they are transfor:

and ductile that they may be bent

ned into those so tenacious
and hammered when cold without frac.
ture. The temperature at which such castings are fusible is considerably
not possess fluidity in any marked
degree, but form a sort of pasty mass. ‘They can with difficulty be welded.

increased, and when fused they do

The changes that take place during the process do not appear
very well known, and are no doubt partly physical
The molecular structure may be affected

to be
and partly chemical.
by the heating followed by slow
cooling, just as, for example, the different amorphous forms of sulphur are
derived by heating to various temperatures

, and then cooling by certain
well-known methods,

White cast iron, according to many

authorities, amongst whom might
be mentioned Roscoe, differs from gr

ay cast iron chiefly in the way in
which the carbon is contained in it. Most of the books which I have seen

state that in the white iron the carbon is combined feebly with the iron,

forming the carbide of iron, while in the gray iron the carbon is uncom-
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b'ned and is in the form of graphite.  Turner, of Birmingham, writing
in the “ Dictionary of Applied Chemistry,” disputes the above, however,
and from this we are led to infer that this IS an open question at the pres-
ent time.

Mallet doubts whether decarbonization is the cause of softening, and
states that by annealing white brittle cast iron in either hamatite, chalk, or
sand we obtain not so much a chemical change as a molecular change of
the constituent parts.

If, as a number of writers assert, the carbon is combined with the
iron in the carbide, it is possible that the following reaction takes place :
2Fe,C+ 0y =*Fe, + 2CO, after which the CO burns away, the oxygen
for this reaction being obtained from the oxides in which the castings are
buried. In the case of the gray iron castings, it is hardly possible that the
silicate will be broken up while the temperature is kept so low as red heat.
It seems, therefore, more likely that the change in this case is of a physical
nature, although it 1s possible that a silicate of iron is formed near the
surface.,

We know that wrought tron, which is iron in its softest form, con
tains a very low percentage of carbon, probably less than one.h

per cent,, and the various pig irons used in casting from

alf of one
three to six per
cent., which naturally would lead us to believe that when iron is softened
the carbon is reduced.

The order in which these processes are performed is not that in which
they have been treated in this paper.  Annealing is usually the first, which
is followed by pickling, if that process is used, but as it materially increases
the cost a great many of the castings are taken direct from the annealing
oven, and treated in the rolls.,  If the castings are pickled, that precedes
the tumbling in the rolls, or rattle barrels, as they are sometimes called.

It should be understood that castings treated by the above methods
are only used where their extra usefulness counterbalances their increased
cost.  For instance, in sewing machine work, where there is a good deal
of milling to be done, it is very important that the iron be soft, and all
castings for such uses require also to be very smooth. Many points must,
therefore, be considered before we can say whether or not these
processes are profitable.  Malleable castings are usually made to obtain
greater strength than is possible from common gray iron castings, and
where the shape desired is difficult to forge from wrought iron or steel,

Toronto, Nov. 19th, 18¢4.




THE CANADIAN DAWN ANIMAL

Lozoon Cunadense, the Canadian Dawn Animal, is essentially one
of the most ancient fossils with which the paleontologist has to do, and
should Eozoon actually be what some

claim it is, namely, a foraminifer,
the primordial fossils which once

demanded reverence as the hoary monu
antiquity become quite youthful and modern in
The discussion which

ments of an immense
their altered aspect, has arisen in regard to the

animal nature of Eozoon has directed the attention towards Canada of a

sreat many Kuropean scientists, whose

PApers are to a greater or less
extent maccessible to the

general public. It is for this reason, theref

ore,
that the writer has endeavored to

give a brief but accurate description of

this remarkable fossil, which is but too little known. The amount of liter-

ature upon this subject is extensive, and this description has there

fore been given from the works of the two

great authorities—Sir
William Dawson, F, RS. FG8

y and Dr. Carpenter, C.B, F.RS, F.G.S
The principal works from which
derived are “The Dawn of Life,”

ete, of London, authority has heen
“The Microscope and Its Revela
tions,” “ Notes on Eozoon Canadense,”

and will be found very interest-
Ing to those who

should care to enquire into that

period when life was
introduced.  Before proceeding

, however, we might quote the words ot
Professor Leconte, of California University :  “1It is in precisely such
almost amorphous masses of protoplasmic matter that, according to the

evolution hyp thesis, the animal kingdom might b

¢ expected to originate.”
EOZOON CANADENSE.

I'his remarkable fossi

has been discovered in strata much older
than the very earliest that

were previously known to contain organic
remains. It occurs in beds of seipentine limestone of the Laurentian for-

mation, discovered by Sir William Logan. The Lewisian or Ottawa
gneiss 1s the oldest known stratified rock in Canada, which is wanting in
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THE CANADIAN DAWN ANIMAL, 139
limestones and organic remains ; even quartzites, slates

y and dolomites are
absent, such as would indicate the

ordinary disintegration of rocks under
water, or the evidence of any distinction o

f land and water ; thus it is
termed a fundamental rock, and ¢

‘may be a portion of the original crust of
Causes of the ordinary deposition of sediment
were called into play.  Above this is what Dr. Sterry Hunt
Grenville series, and contains,

the earth,” formed before the

calls the
besides large masses of gneiss, beds of
limestone, diorite, pyroxene rock, quartzite and magnetite. The lime-
occur in three great principal bands, which
are traceable for long distances. These bands are of great thickness, and
consist of crystalline limestone with dolomite, and serpentine, graphite,

stones, which are continuous,

apatite, and mica. In the Grenville band, which is uppermost, is found
the most perfect Eozoon, Above the Grenville, again, is found the Upper
Laurentian of Logan, which has afforded no fossils, and it is thought that
part of it is of igneous origin and indicates great earth disturbances near
the end of the Laurentian age.  This disturbance was accompanied by a

great lapse of time, and it is represented locally by schistose rocks.

PRESERVATION.,

Now,as to the manner of the preservation of Eozoon, it is only necessary
to work upon the supposition that it was a marine organism and many
difficulties may be explained.

Large masses, usually of indeterminate form, are found in the above-
mentioned beds which much resemble an ancient coral reef. These
masses are formed of alternating layers of carbonate of lime and serpen.
tine, frequently from fifty to one hundred in number. The great regu-
larity in these alternations, and also the fact that it presents itself between
other calcareous and siliceous minerals having caused suspicions that it
was the product of an organic Creature, very thin slices of the best preserved
specimens were submitted to a rigid microscopic study by Dr. Dawson,
of Montreal, who at once discerned the nature of a foraminifera, The
caleareous layers had the characteristic appearances of a true ske/l, so
arranged as to constitute an irregularly chambered structure, and
frequently traversed by systems of ramifying canals corresponding to those
of calcarina ; whilst the serpentinous or other layers were regarded as the
casts of that portion of the animal which the sarcode originally filled,
caused by the infiltration of silicates. This action has occurred in various
geological periods, and is going on at the present time, and is supported
by an abundance of evidence.
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140 THE CANADIAN DAWN ANIMAL.

Having taken up the investigation at the wish of Sir William Logan,
Dr. Carpenter, of London, was not only able to confirm Dr. Dawson’s con-
clusions, but to adduce new and important evidence in support of them,

The test or shell, which grew upon the floor of the ocean, was com-
posed of a series of these calcareous lamina, which, though not perfectly
parallel, bent towards each other, forming flattened chambers, deeper near
the bottom and becoming shallower in the upper parts, till at the top they
become broken up into rounded cells, which constitute what is known as
an “acervuline ” mass. Now, when the chamberlets, which were formerly
filled with the sarcodic matter of the animal, have become empty by reason
of putrefaction, the space became filled with the infiltrations of mineral
matter which were being deposited at the same time in the surrounding
material. These minerals were especially pyroxene and serpentine, If
well preserved, the calcareous laminz are seen to be traversed with a mul-
titude of canals, terminating in very fine tubuli. The usual form of
“0zoon is that of a turbinate, or club shape, and these, by coalescence, form
wide sheets or ununiform masses. In this case conical or cylindrical tubes
or oscula may be observed to penetrate in the direction of their thickness.
The sea-surface of these oscula is strengthened by the bending and
coalescence of the laminz. The walls of the animal have remained
unchanged, except that they have become somewhat crystalline and assume
the cleavage of calcite, which is common, however, in paleozoic shells
and crenoids.  Should the calcareous tests be broken up and scattered by
the waves and currents, Dr. Dawson thinks that their fragments would
consist of that which is found in the limestone, called archaospherina.

Assuming Eozoon to be a fossil animal of the above-described char-
acter, its mode of preservation in the ordinary serpentinous specimens is
more simple than that of many fossils of later date. The chambers have
been filled, and the canals and tubuli traversing the calcareous test have
been injected with a hydrous silicate. This is a filling by no means infre-
quent in later fossils, and, as Dr. Carpenter has shown, it is going on in
the modern oceans, in the case of foraminifera and other porous tests and
shells injected with glauconite. Mineralization of this kind is not nearly
so confusing as is the case of many fossil corals and fossil woods, the cal-
careous or woody matter being replaced by silica, oxide of iron, or pyrite.
In a great many cases, in palzozoic fossils, the cavities have been filled
with successive coats of different minerals, giving very complex appearances.
That porous fossils, once infiltrated, are nearly indestructible should not
be forgotten by the geologist. There is hardly anything, except fusion
itself, that would cause the complete destruction of their structures, and
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these frequently remain in perfection even where the external forms have
been totally lost.  There is, therefore, nothing very strange in the preser-
vation of Eozoon, except that it occurs in highly crystalline rock. But
many paleozoic limestones are of a highly crystalline character, and yet
retain abundant evidences of their organic origin ; for example, the Chazy
and Trenton limestones of Montreal have a perfectly crystalline fracture,
yet, when sliced and studied under the microscope, they are seen to con-
sist of organic fragments having their most minute structure preserved.

Many specimens of cecenostroma are found in the Silurian dolomite
of Guelph, in Ontario, entirely replaced by perfectly crystalline dolomite,
which not only shows the lamination, but even the fine canals. Correspond-
ing appearances are found in the gray dolomite of Niagara. In places,
stromatopora in masses can be seen dispersed through the rock in a
similar manner to Eozoon in the Laurentian limestone. The mode of
occurrence of these fossils resembles that of the Eozoon of Cote Ste. Pierre
in every respect, except in the absence of hydrous silicates, and some of
those who oppose the organic nature of Eozoon take the badly preserved
examples of it as typical, and suppose that these are in the original
mineral condition. Such a mode of argument would, however, dispose of
all reasoning from the fossil structures, two of which are corals and
woods. What seem to be a much more reasonable way would be to use
the well-preserved specimens and portions as the means of interpreting
the rest. Eozoon has, in common with other fossils, the independence
of form, with reference to the mineral infiltration. This salient feature of
the fossil attracted the notice of Sir William Logan, and caused him to
believe in its organic nature long before its minute structure had been
studied, and since then the argument has been much strengthened. The
minerals, serpentine, pyroxene, and loganite, are found filling the chambers,
while the first two, together with dolomite and calcite, fill the canals, which
often have calcareous fillings in the finer ramifications when the main
branches are filled with serpentine.

FORM OF EOZOON.

The shape of Eozoon in its general form is that of an immense
confluent sheet or mass, which may be somewhat distorted by lateral
pressure. But the fact has been established, from recent examples, that
the normal shape of a young specimen is a broadly-turbinate, funnel-
shaped, or top-shaped form, sometimes with a depression on the upper
surface. These specimens also enable us to determine that there is no
theca or outer coat, and H\at the lamine piss outward without change
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to the margin of the form, where they seem to have a tendency to coalesce
by bending. It is also evident, from the close study of sliced specimens,
that there exist cylindrical depressions or tubes, sometimes filled with
calcite or serpentine, crossing the laminza vertically. These are noticed in
the large confluent masses, and have no special arrangement, but ‘their
occurrence is by no means accidental, as they were designed for the
admission of the sea into the lower portions of the structure.  If Eozoon
was an organism growing on the sea floor, it would be most probable that
the waves would, in time, demolish the upper acervuline structure to some
extent ; then the currents would distribute these particles over the sea
bottom, and in time we would expect to find them imbedded along with
lozoon in the rock. In fact, such fragments are found in the Grenville
band, the Adirondack Mountains, Mass., St John’s, and in the Alps.
The Redpath Museum (McGill College) has sawn slabs of limestone
which show irregular layers or bands, and these are evidently successively
deposited layers, and when examined closely show the structure of Eozoon.
