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RAILWAY SWITCHES AND TRACK LAYOUTS

BY i B =BUSFIELD;B.Sc:*

Pai 1:1 the past few years a great deal of attention has‘ been
0 the design of railway switches and turnouts. It is not
oldvter_y n?any years ago since railway engineers put ir.1 “z%ny
08"’ for a switch, whereas in these days of scientific
mat!}l]genF it is a subject which is dealt Yvith on a proper
datical basis. It is not the writer’s intention here to
Vith a number of abstruse mathematical calculations,
sWit;}?egive a general d.escri'ption of the. construction of
S and their assembling in groups to give yard layouts,
esi;:; Problems that railway men have to contend with in
0g these layouts.

SwitcA br.ief description of the construction of a standard
With the names of the various component parts is first

Pl Z

turnout rail to the main track, e.g., a No. 7 frog means that
the two legs are inclined at an angle of 1 in 7. Now, the
frogs in general use for ordinary railway work are as follows :

Frog No. Angle.
SR L el ANERRIE GRS R ST e 8°—48 ft
e e ol NRORE U o S S e TR ol 8°-11 ft
B VA Rl Sl s S 7°—9 ft
Lo b N SR S TR | Lt 6°-22 ft
g L o T g 5%—44 ft

The No. 6 frog is only now being used in very excep-
tional cases, as it has been found to require too sharp a cur-

Fig. 1.—Simple Turnout.

SSsary

llec
tw, : Referring to Fig. 1, the switch is made up of

0
SWitch

andt Points ‘‘aa,’” a frog “b,” two guard rails “cc.,”
“eery © COnnecting or closure rails “d,” the thr.ough rails
SWitchar?‘ called the stock rails; “ff”’ are t.he points of the
frop 88" the heel of the switch, “h’ is the toe (.af the
sWit;haﬁd,,“i” is the heel. The distance from the point of
Au. - 1o the point of frog is called the “lead.”
B “Ched to the inside of the outer rails opposite the
Dlacedal'e tWo guard rails, varying from 8 to 12 feet loPg,
Over there ¢o control any side-play of the wheels passing
Taj) i, : frog, and so preventing the flanges mounting the
Wayg D ea-d of passing the point of the frog in the flange-
TOvideq,
inq a °S¢ guard rails are usually made from standard r:all
castin-e faSten‘ed to the running rail and the ties by special
f&cﬂitat' The ends of the rails are splayed outwards to
¢ the passing of the wheel flanges into the flanges.
Wgle p VO features which vary in different switches are the
8iR‘llato the frog, and the lead. The frogs are always de-
*d by a number, which denotes the inclination of the

LYW t
c",!is Assmant Engineer, Montreal Tunnel and Terminal
y tr“CtiOn_ i :

vature to be able to accommodate the large equipment in
general use; the No. 7 frog is also being largely discarded
except on branch lines and freight tracks. The No. 8, o
and 10 frogs are in general use, and in some cases frogs as
flat as the No. 12 are used, such as for main line connections
from a through main line to a local.

The switch points are usually made about 1 5 feet long,
but a number of roads are adopting the 16-ft. 6-in. points in
order to give an easier riding switch. They have a “throw”
of 6 inches at the point, and at the fixed end there is a dis-
tance of 5% inches from guage line to guage line of the
two rails.

Now, after the frog and the points are selected they have
to be connected with a curve on one rail and a piece of
straight track on the other, or even a curve on both rails,
as the case may be, but taking the case of one straight track
and the curved turnout, the switch points and frog have to
be spaced at such a distance apart that a curve of uniform
radius will be tangential to the heel of the switch and the toe
of the frog, The distance apart of the point of switch and
the point of the frog (the lead) and the equivalent radius
and degree of curve is given in the following table, for use
with 15-ft. switch points:
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Actual Equiv. Equiv.
No. of frog. lead. radius. degree of curve.
7 6o ft. 410 ft. 14°- o ft.
8 66 ft. 573 ft. 10°- o ft.
9 75 ft. 702 ft. 8°—10 ft.
10 82 ft. 1,011 ft. 5%—40 ft.

This equivalent radius of 410 feet just about corresponds
with the minimum radius that most standard railways are

Fig. 2.—Ladder at Angle of Frogs.

Volume 24

is usually rather a serious situation as it is almost alway®
desirable to get the longest track possible, or at any rateé t.o
get the tracks as nearly the same length as possible, but i
is readily seen that in order to make the last track longer it
is only necessary to increase the angle which the ladder
makes with the main yard tracks, the effect of this being 10
reduce the distance between the frogs, which do mnot 8O
point in the same direction as the yard tracks, and so hav®
to be placed closer to the first track in order to allow oo’

willing to adopt, even for spur tracks and sidings away from
the main line, the large switching and main line engines be-
ing unable to cope with sharper curves without frequent de-
railments,

Whatever design for a layout of switches and tracks is
considered, the three details given in the table above have
to be borne in mind, i.e., the angle of the frog, the lead and
the curvature. £

The three commonest positions of the switch are in the
simple turnout, the crossover and the ‘“ladder.” In the de-
sign of a crossover the piece of track between the two main

Fig. 3.—Ladder at Sharper Angle Than Frogs.

e
for the necessary curve between the heel of the frog aﬂdn:;e

tangent, as is shown in Fig. 3. Now, the maximum 85"
at which the ladder track can be placed is fixed in this way*
the distance from the point of switch to the point of fr‘_’g’
(assuming the use of No. 8 frogs) is 66 ft., the standard dis
tance from point of frog to the heel is g ft., and the closes
distance that the point of one switch can be placed t0 4
heel of the frog of the preceding switch is 3 ft., to allof" fo
the angle plates of the joint, thus we have the minim?
distance between frogs is 78 ft., thus giving an angle ©
in 5.2 for 13-ft. centres or 1 in 6.5 for 12-ft. centres. Ust

tracks and connecting the two frogs is always made straight
and the distance in between the frogs is easily obtained,

knowing the frog angle and the distance between track
centres.

In the case of No. 10 frogs and 13-ft. centres between
tracks this distance is 34 ft., thus making the total length of
crossover 198 ft.

The design of a ladder requires more considera-
tion, and conditions such as property limits, track

capacity, etc., have to be dealt with, but if there are no such

Fig. 4.—Typlcal Ladders at End of Yard.

‘4 shows a typical arrangement of tracks with two

n i

these figures in a yard of 7 tracks there would be 2 g’

creased length in the last track of about 180 ft. and 2
portional increase in the other tracks.

- : . ) ha?
It is not usual in good railway practice to put moré £ by

9 or 10 tracks on the one ladder, as this has been fou® o

: ] jently
experience to be the maximum number that can be efﬁctl:nce:

operated by one engine, except in special cases; for inS Fig

where the tracks are used solely for storage purpOSesi dder®
a

serving 18 tracks in all.

limiting conditions a simple straight ladder can be laid out
so that the ladder track is at the same angle with the yard
tracks as the angle of the frog that is to be used in the
switches, in which case the frogs are set at the intersection
of the gauge lines of the two rails, as is shown in Fig. 2.
If the first frog in the ladder is located it is a simple matter
to find the distances between all the frogs on the ladder, e.g.,
if No. 8 frogs are to be used, and the tracks are 13-ft. centres,
the frogs will be 8 x 13 = 104 feet apart, so that if there
are going to be, say, 7 tracks connected to the ladder the
last track will be about 700 feet shorter than the first. This

L
It is usual to extend the first track in the opposite din
rection to the yard, to make a switching lead, as sho the
Fig. 4; this lead allowing switching engines to make %
various trains without encroaching on the main linés epe’
In some instances it is desirable to put in even 5‘;0‘,6,
ladders than can be done by the methods described 2 and
especially in cities and towns where land is valuab'® “yg
must be occupied to the greatest possible advantag®
cases like this a ladder can be used, as shown in Fig: 5 g
This ladder, ‘although giving the advantage of 1
tracks, has the disadvantage of having the switches
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POsite sides of the main track, so that the switchmen have to
¢ continually crossing and recrossing the track in front of
€ switching engine and trains.

The main ladder track has to be placed at such an angle
to the yard tracks that there will be enough curvature be-
twee_n the heels of the frogs in the ladder track, and the
Straight tracks to which they connect, to allow a Second

SWitch to be placed within this curve. The primary switches

Fig. 5.—Ladder at Sharp Angle.
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ed. As will be seen, this crossing will give two alternative
routes for a train coming in any of the four directions. In
construction it is a regular diamond crossing, with the sides
connected with switch points and closure. It cannot be con-
veniently used for tracks which cross at a sharper angle than
1 in 7 because the switch points, frogs, guard rails, etc., be-
come too crowded together to permit of their proper con-
struction.

1

2 the ladder track are directly connected to each alternate
tr:zk' and the 'secondary 'switches pick up the remaining
thay S. The typical l‘aYout in Fig. 5 shows the meth?d .l)ettt?r
DOssill,; can be described. A certain amount of. va‘na.tlon is

€ in the angle of the ladder track, but it is limited by

€ lengths of the switches, the frog angles and the track
Centreg

Not :05 V.Vill be seen from the plan of this type of layout, it is
.SSIble to connect the first, or No. 1 track to the ladder,

mai:hl-s difficulty is easily overcome by running it into the
e, or else, as shown dotted, from No. 2 track.

In a slip switch of this nature the movement of all the
points is made by one lever being placed at the centre of the
crossing, but the use of this crossing is not considered very
advisable except in yards with interlocking apparatus, owing
to the increased liability to accident through two trains com-
ing together, either ‘‘head on’’ or “‘sideswiping.”’

These slip switch crossings have enabled a design to be
made for track layouts which is now being used in various
forms in general large passenger terminals. The general
idea of this layout is shown in Fig. 8, and it will be readily
seen that great flexibility of train movement can be obtained,

Fig. 6.—Parallel

a yaitlfreq“'enﬂy happens that the ladder t‘rack at the end of
tange cannot be located where the main tracks are on a
the snt; In which case the ladder track' has to be. built to
°utsi:m € Curvature as the main-line, but if the yard is on the
switchz of the curve, it becomes difficult to lay down the
Wh S Without excessive curvature and the limit is reached
the curvature of the switch added to the curvature of
nain line reaches the maximum permissable curvature.
Often Ode,rn freight classification and storage yards are’ very
the €signed so that all the tracks forming one ‘“‘set” are
the Me length, thus reducing the difficulties of operating
ard through having a number of tracks of greatly vary-

Ladders.

as either an incoming or outgoing train can keep to its cor-
rect track practically to the end of the platform to or from
which it is bound. For instance, an outgoing train from
platform 7 will take the switch to the right at the point ‘b’
and thus be on its own right-hand track, and be independent
of trains arriving at the platforms beyond No. 7. Similarly
an incoming train will keep to the right-hand track as far as
possible and only cross over to its own platform track as
close to it as possible. The switches marked “b” in Fig. 8
are slip switch crossovers similar to that shown in detail in
Fig. 7, but those marked ‘““a’ have the connecting switch on
the lower side only, so are ‘“half slips.”’

Fig. 7.—Slip-Switch Crossing.

i
;iiw,]:n,gths- A typical layout for a yard of this nat}xre is
by M Fig. 6, giving two main yards for the sorting of
" and outhound freight, with a space between them
8¢, caboose, and engine tracks, yard offices, etc.
: slip s WDe of combined switch and crossover, known as a
itk Crossing, is shown in Fig. 7, and is being large'ly
Places where great flexibility of movement is requir-

fo
 Story

This type of double ladder with slip switches is rapidly
coming into use in terminals where a large number of trains
are handled, as it does away with a great deal of the conges-
tion that is liable to take place through one train having to
wait outside the terminal while another one is just leaving.
This leads to delays, one delay leads to another, and the
working arrangements of the whole terminal are upsert,

g

SRS T
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whereas the double ladder permits the greatest number of
movements either from one platform to another or of the
main line trains, to be made without interference. A layout
of this nature can only be economically used where an in-
terlocking plant is in operation.

In main line work refinements have to be made in the
switches to make them easy riding, such as the use of longer
switch points, and spring frogs. The latter are made with

THE CANADIAN ENGINEER
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as are often obtained at junctions between stations where
trains will frequently pass from the main line to the branch
at as high a speed as 6o miles an hour.
quirements the switch points are made very much longer and

To meet these 1€

the whole switch is constructed on the principle of a spira!

curve.

Great strides have been made in this subject during the
past years, but even now it is quite possible to see yaros

T arerm g\ Fig. 8.—Double Ladder, With Slip-Switch Crossings:
\ ey
Piatt o —

one arm pivoted in such a way that ordinarily the main line
rail is continuous, but when the turnout is being used the
wheel flanges of the cars push this arm to one side, against
the pressure of a strong spring.

On the railways in Great Britain even greater refine-
ments are carried out with switches, to meet such conditions

with a jumble of switches at their extremities which mig‘h':
have been made into orderly ladders, and with “stub.’
switches which should be on the scrap heap; but these wil
all no doubt be replaced in the course of a few years with the
neat and efficient layouts that are now in general us
modern track construction.

— e

SEWER CONSTRUCTION.

The laying of sewer pipe by contractors in treacherous
ground of the quick sand type usually means pecuniary loss
for the comtractor if he was unaware, at the time of making
his bids, of the soil of the above type he would encounter.
A description of the troubles and difficulties of this kind un-
expectedly run into is given in a paper presented before the
Iowa Engineering Society, by C. P. Chase, and reads as
follows :—

A contract was let in October, 1910, to Mr. C. R.
Nichols, embracing 5% miles of 8-in. to 15-in. pipe sewers,
with manholes and flush-tanks, and a reinforced concrete
septic tank with dosing chambers and sand filters.

It was expected to begin work at once, but the contractor
was busy and let it go over winter. Conditions early in 1911
were ideal; but the contractor failed to begin, though con-
stantly urged. At last, in July, 1911, work was begun on the
disposal plant by a sub-comtractor and the grading dome and
excavation made for the tank. Here the contractor, tied up
by other affairs, abandoned the work.

The council gave notice to the bonding company to take
up the work, and very shortly it came forward and agreed to
complete the job. The contract was placed in the hands of
the Lytle Construction Company. of Sioux City, which im-
mediately began operations. The first trenching machines
steamed up on Aug. 20, 1911, and conditions seemed to be
favorable for completion that seasom.

In the deepest cut of some 21 ft. the machine cut to grade
with no bracing and ditch dry as a bone. A large number
of laterals on the east side were built, with cuts from 7 to
20 ft., with an occasional brace, the machines making in
some instances as high as 650 ft. in one day on a 6 to 8-ft.
trench. The laterals were nearly in before cold weather, but
in the meantime, on the other branch of the main sewer,
something had happened. As will be remembered, 1910 and
1911 to the fall of the latter year were very dry; this was
especially true around West Liberty. A rain of several days
came about Oct. 1, and the dry ground in 48 hours was filled
with -water, there to remain.

Quicksand.—In a recent English lawsuit a lawyer de-
scribed a certain quicksand that had resulted disastrously to
hig client as ““an oily, slithery, masty mess, where men would

speedily sink to their death if not rescued.”’ ‘I'here you havé
West Liberty. Molasses, soft glue, or crude tar come near
est. By various sewer men it was designated as quicksand'
floating clay, sea mud, boiling sand, and worse. I woul
designate it as a silt deposit of some ancient lake bed. 'It
varied from a fine, silty sand to a ‘molasses-like mud, m
which men frequently sank to their hips and were pulled out
with ropes, and it would go anywhere that water would-

The first encounter with this was fought out in the us¥?
way, with hand-driven sheeting afterward removed. o
block about 300 ft. long, put in in this way, was clear 3?
in good shape when finished; iater tne sides seruea and tB°
whole line was heaved out of line and grade and nearly €€
pipe crushed. The various ordinary expedients of S€W
building were tried without much success.

First a small section was taken out by hand, driving 9
sheeting down as the excavation proceeded; when to 872
short ship lap was driven about 2 ft. below grade and left 2
ft. above. Straw, cinders, stone, brickbats and other ma
terial simply floated away, the great trouble being that after
the pipe was laid the bottom of the trench would raise
from pressure of the sides and break open the joints 0T eve
crush the pipe.

It was seen that although expensive, more s ;
methods must be adopted, and that perfectly tight Sheetlﬂi
must be used, of sufficient strength to hold the side ;)1'(Essu1"i
and that it must be secured and left in. It was alsoO fount
to be impossible to depend on hand driving. An Am;’tr
hammer and a proper outfit were secured. To preparl® 05
sheeting, the ditch was opened with a trenching machiné ta
deep as the banks would stand, which was from 6 t0 9 fte
much better success attending machine digging than g
digging. Then 2 x 12-in. tight sheeting was driven abol g
3 ft. below the grade of the flow line of the pipe, thO‘l’ough ’.
cross-braced and spiked. It was allowed to remain in
trench. Any attempt to remove the sheeting was 3ttende‘
with almost immediate disaster. o1e

Two methods of placing and driving the sheeting we
employed. In both cases the excavation was carried 9 of
6 to o ft. with a trenching machine, témporary braces
set to hold the clay banks until the stringers could be

trenuou®

1aced

e in
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In the first method a set of 4 x 6-in stringers was placed at
Phe bottom of the machine-dug tremch, 2 x 6-in. stringer be-
:ltli placed next .to the bank and separateq’from the 4 x 6-in.
thenger by a 2-in. block, much care being taken to have
M Set plumb, otherwise the sheeting would drive crooked.
A Similar set wasg placed about 3 ft. below the surface of the
tgroumd and the sheeting driven between the 2 x 6-in. and
€ 4 X 6-in. sets. A timber frame 16 ft. high was construct-
& on 5 platform wide enough to span the trench, and the
t:;mmer suspended on a trolley running on a 7-in. I-beam set
¢ bsversely to the trench at the top of the frame. The plat-
%I was build on skids parallel with the trench, so that it
Culd pe easily moved forward as the driving progressed.
© hammer was operated between two pairs of guide rods
m?'de of galvamized iron pipe, a gasoline engine and hoist
a]:-,n'g USed_. With this method .and equipment an average of
drivut 60 pieces of 2 x 12-in. timber, 18 ft. long, could be
of ten per day at a cost for labor of 50 cents per lineal foot
‘iner;mdl and a total cost for sheeting of about $3.20 per
Steaz foot. It was hard to keep the outfit upright and
¥s and this reduced considerably the driving power.
t':,? One plank could be set on each side of the tren_ch at a
lmpr’ m_akmg it necessary to move every foot, which was
acticable and too expenmsive.

in In_ the second method blocks were set between the 4 x 6-
* Stringers and the 2 x 6-in. stringers omitted. The steam
g::il;mer gy har'xdled by a derrick with a 2o-ft. boom, the
slig; € Tods in this case being made fast to the hammer, and
‘08 through iron loops fastened to the end of the boom.
esi "j}:rriCk was erected on a platform similar to the one
rickn ed above, and in such a way that the .fo-ot of the der-
blec Was over the centre of the trench. In this wa}y. about 34
errfcsk of sheeting could be driven from one position. The
abor Was then moved forward and the driving continued.
the ste.r S set up the sheeting ready for the driver as soon as
ept Tingers were in place, so that the hammer could be
Diegy, Stantly at work. With this method the number of
cgri dnven. per day was increased about 30 per cent., with
€sponding decrease in cost.

ucknemov'"g Material.—The quicksand was taken out in
ern'ets of ¥-cu. yd. capacity. To handle the buckets, two
ErectCks made of 6 x 6-in. timbers, with 20-ft. booms, were
trency, on opposite ends of a platform made to span the
Perly 1, A four-post frame made of 6 x 6-in. timbers pro-
With;, 2ced held the derricks in place. On the platform
for t;: the, frame a 4-h.p. gasoline engine furnished power
Dﬁrate h°15t‘§, which were so arranged that one man could
’handle both ‘derricks. This apparatus Was employed to

ag ? the steam hammer, and when hitched to a scraper
thy also used fdr backfilling. The blocks were so.arranged
d ¢ "N Taising 3 full bucket from the trench its weight pull-
Wag te boom around to the side of the tren<':h w.here the .bucket
OpErao be‘emptied. Seven men were ordinarily sufficient to
fo e this device, doing more and better work tham 14
‘similzry. accomplished by hand. Without_it or something
Dlacesr 1t would have been almost impossabl.e in the wor?t
Spite ozo .Inake any progress against the quicksand; for Tn
thrg, b tight sheeting, carefully driven, the sand ran in
‘Ceasiy the smallest cracks and boiled up from the bottom.
Abpar, na'lly after half a day’s work there were no results
{ 0t in the trench.

t’&n: "eParing Bottom.—With the sheeting in pla'ce, and the
‘Dar, . —‘cavated, special methods had to be dev15ed. to pre-
°°ncre<t)r Pipe laying. Cinders, straw, brickbats, piling and
Chog ne Were experimented with, and at last c‘oncre:te wa(s1
‘.c-‘,llshin\ﬁrst’ to keep the sheeting from pressing in an
Dipg & or disturbing the pipe, and, second, to obtam1 a
Bipe Oed' The concrete placed one day was not useq to lay

" until the next. Half of the diameter of the pipe was
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buried in concrete to distribute the weight and prevent
crushing.

In some places where concrete was being placed for
foundation the sand boiled up through the concrete before
it had time to set and rendered it useless. To overcome this,
inch boards were laid lengthwise in the bottom of the trench
the full width and nailed together. They were then worked
down through the sand and water as far as they would go,
sufficient excavating having been done to permit the boards
to be worked down to a point 6 or 8 in. below grade. The
sand and water were then cleaned off the boards and the
concrete placed. The time saved in this way more than paid
for the boards, and a much better foundation was obtained.

Of all the equipment which the contractor had on the
work the steam hammer and the derrick device for handling
wet excavation gave him the best returns on the investment
for plant. ' ;

Occasionally there would be an oasis in this sea of ante-
diluvian mud where a good bottom could be secured by mix-
ing cinders with it.. This seemed to work where it was
sticky, with clay predominating. It would fill up and bind,
but if fine sand predominated, cinders were useless.

All pipe was eventually covered with dry earth and the
fill was compacted by tamping to a depth of several feet.

Railroad,—Where the 15-in. main crossed the Chicago,
Rock Island: and Pacific right-of-way an attempt was made
to tunnel the main tracks; but the sand was so bad that it
was finally found necessary to drive a temporary bridge of
15-ft. span under each of the two main tracks and make the
excavation in open cut. Under the stringers of the bridges
for a space of several feet horizontal sheeting was set, and
below this 2 x 8-in. sheeting was driven down below grade
by hand. Outside the main tracks steel sheeting was driven
and later pulled, using a 6-ton Triplex block. Cast-iron
pipe was used across the right-of-way, and it was not thought
necessary to leave sheeting in the trench. As the sand of-
fered no foundation for the cast-iron pipe, brickbats and
concrete were placed under the joints. The excavation was
carried down below grade, a wagon load of brickbats dump-
ed at the place where the joint would come, and about one-
half or three-fourths of a cubic yard of comncrete dumped
from large buckets on the brick. So much sand was taken
out at this place that the banks settled considerably, more
than 1 ft. at one point. This line of sewer, however, showed
up well on final inspection.

The contract, which ordinarily would take six months,
was completed in November, 1912, and much credit is due
to the contractor for the gameness with which he stuck and

finished the work.
—— eamro

ROAD GRANTS IN ENGLAND.

Considerable dissatisfaction exists among highway au-
thorities in London, England, at the manner in which the
Road Board is dispensing financial assistance for the repair
of roads damaged, chiefly by heavy motor traffic. The board
hinted at the outset that it was prepared . to make grants
and loans to the authorities in the metropolitan police area
up to the amount of £250,000. But it seems that no authority
can get a grant unless it is itself prepared to spend three or
four times as much as the grant, and is considered that this
policy is a direct incitement to local bodies to spend more
money than the circumstances of the case demand. Road
board grants, it is claimed, should be unconditional, and
that local authorities should not be forced to spend large
sums out of the rates for the special benefit of motor traffic.

.So strong is the resentment of the authorities on ‘this policy

that the subject is to be raised in parliament at the first
favorable opportunity.

]
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STREET PAVING IN ENGLAND.

The Metropolitan Paving Committee, ot London, Eng-
land, have recently issued their tenth annual report relative
to paving work compiled from information furnished by the
engineers to the authorities concerned. As this information
is very complete in its way, it may be of interest to Canadian
engineers as regards cost comparisons. It should always be
remembered that our more rigorous climate and the differ-
ence of the labor wage, lessens the value of this report as far
as Canadian practice is concerned. We are of the opinion
that a perusal and study of its contents is nevertheless both
advisable to all interested in road building.

The brief summary of the work done is taken from The
Surveyor, of London, England, February zist, 1913. The
prices mentioned have been changed to the decimal system of
coinage to suit our Canadian readers.

Principal Kind of Paving Laid.—The bulk of the paving
laid down in the districts mentioned in the returns during
the vear appears to have been creosoted soft wood, although
in some instances other kinds of paving predominated. Large
areas of tar-macadam were laid in some districts, principally
in limited traffic residential and business streets, while a
large amount of tar-spraying has also been undertaken.

Foundation.—In some boroughs a foundation of Portland
cement concrete g in. thick (in one case 12 in.) has been
adopted, while in others a 6-in. foundation has been deemed
sufficient. There is a decided tendency to increase the thick-
ness of concrete foundation, owing to the detrimental effect

of heavy motor traffic.

Effect of Motor Traffic.—Motor traffic is considered to
be detrimental to macadam-paved roads, and the majority ot
the borough surveyors are of opinion that motor traffic has
increased the cost of the upkeep of the roads.

Saving on Tar-sprayed Roads.—Considerable saving
continues to take place in those boroughs where the tar-

spraying of macadam roads is largely undertaken. From the

appended information it will be seen that a very considerable
saving has been effected in the boroughs of Fulham, Green-
wich, Hammersmith and Wandsworth in the cost of scaveng-
ing, watering and maintenance of highways since the adop-
tion of the system of tar-spraying macadamized roads. It is,
moreover, generally agreed that a great improvement in the
road results from tar-spraying.

The returns sent in during the past year have been put
in tabulated form, and may be briefly summarized as
follows :—

Greenwich.—Some 3,600 super. yds. of tarred macadam, 4
in. deep, were laid in this borough. The macadam was consoli-
dated with the steam roller and laid on an old foundation,
the subsoil being gravel. The cost of laying per yard super.
was 79c. without foundation, the work being carried out by
the local authority. The surveyor mentions that 47,227 super
yds. have been tar-sprayed in the borough at a total cost of
$2,258.

Hammersmith.—In Stamford Brook Road tar-macadam,
composed of Trinidad Lake bitumen and granite mixed, 3
in, thick, with a sealing coat of refined Trinidad Lake bitu-
men, was laid on a foundation of old macadam at a cost of
goc. per yard super. In another thoroughfare, with limited
traffic, tarred-slag macadam, 3 in. thick, was laid on an old
foundation at a cost of 67c. per yard super. In this borough
275,164 super. yds. have been tar-sprayed at a cost of
$2,031.11.

Hampstead.—Hard and soft wood, lithofalt block paving,
lithomac paving and tar-macadam were laid in this borough
during the past year. The 8-in. by 3-in. by 4-in. creosoted
deal blocks were laid with close joints run in with a mixture
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of boiling pitch and creosote oil, grouted with Portland €€
ment and top dressed with fine shingle on an old 6-in. foul? 2
ation broken up and a new Portland cement foundation 9 i,
thick, including 1 in. floating formed. The foundation Wa*
laid by the local authority, the paving by a contractor at 2
cost of from $1.36 to $1.38 per yard super. without founda
tion. The 4-in. Jarrah blocks which this paving replace
had been down for eleven years in these heavy traffic roads:
In Heath Street, where the traffic is limited, these block®
were laid in the same manner on an existing foundation made
good and refloated with Portland cement and sand, at a cost
of $1.70 per yard super., including the work of remaking the
foundation. The 5-in. deal blocks which this paving
placed had been down nineteen years.

In Finchley Road, a heavy traffic thoroughfare, 8-ib- bi
3-in. by 3%-in. sectional Jarrah blocks were laid, the cours®
divided by fillets of %-in. in depth and 1/12 in. in thicknes®
the joints being filled in with a mixture of boiling bitumen:
They were laid on an existing foundation made up to the P
per level with Portland cement concrete, and refloated Wlte
Portland cement and sand at a cost of $3.29, including thh
cost of the work of remaking the foundation. The Jar@
blocks which this paving replaced had been down eleven 3%
twelve years. The surveyor states that this sectional bloo
paving has proved very satisfactory after an experien(fe
seven years; the wear is smooth and even, and there }S
corrugation of the paving as in ordinary hardwood paving:

Lithofalt blocks, ¢ in. by 4% in. by 1% in., were lald‘,’:
Belsize Road, where the traffic is considerable. They wei
laid on wet floating, on an existing foundation, made UP o
suit the new paving. The blocks were supplied. by a cohe
tractor, and the work was executed by the local authoritys b
cost per yard super. being $1.72 with foundation. >

Lithomac paving, 2 in. in thickness, was laid in Collei
Crescent, where the traffic is considerable, at a cost of $1-
per yard super. with foundation.

2
Holborn.—Most of the paving laid in this boroughd‘;"n |

sisted of compressed rock asphalt’ 2z in. thick, the Por
cement concrete foundation being, in nearly every case ﬁms’
thick. The rock asphalt was compressed with heated P€*™

. it
the cost per yard super. varying from $2.47 to $.’{-35 ;nis
foundation, and $2.19 to $2.25 without foundation. At

paving has womn well. Some Trinidad Lake asphalt per:
adam, 3 in. thick, was laid at a cost of $1.15 per yard s!
without foundation.

In Chancery Lane, where the traffic is considerables E::‘L
soted Swedish deal blocks, 3 in. by g in. by 5 in. havé i
laid in pitch grout finished in cement, joints 1/10 1%, )
thickness, on a Portland cement concrete sfoundation, 9w. h
to 11 in. in thickness, at a cost of $3.22 per yard supe’ ;
foundation, and $1.85 without foundation, the annual €0%" "~
maintenance per yard super. being 24c.

ins

Kensington.—The return from this borough Contalf,f
particulars of a new description of paving—mnamely, camp d
wood blocks, g in. by 3 in. by 4 in., grouted tar pitch
cement, and laid on a 6 in. Portland cement concreté
ation at a cost of $2.73 without foundation. y
% &
6
$z.23

Creosoted deal blocks, 8 in. by 3 in. by 4 in. of 4
or 5 in., were laid, grouted tar pitch and cement OB 4
Portland cement concrete foundation, at a cost of from™
to $2.50 with foundation, and $1.63 to $1.80 without 'f° e
taion. In Notting Hill Gate the wood paving which tlf:;wtia]
ing replaced had been down twelve years, and in res? had
thoroughfares the paving replaced wood paving whic \
been laid from sixteen to twenty years previously.

residenﬂ'l

Kensington asphalt clinker blocks were laid in
thoroughfares by the local authority.
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ELECTROLYSIS FROM STRAY ELECTRIC
CURRENTS.

By A. F. Ganz, M.E.*

At a recent meeting of the New England Association of
.Gas Engineers, Prof. Ganz delivered the following interest-
g lecture on Electrolysis from Stray Electric Currents.
iomten in clear style and apparently free from the assump-
noln that_ those reading are all highly versed in electric tech-

©8Y, it should be instructive and pleasant reading for all.
rentA Definition and Theory of Electrolysis.—Electric cur-

.hay be conducted in two ways: First, by metallic con-
c::;mn 5 and, second, by electr?lytic conduction. Metallic
meta?chon occurs when an electric current passes throug.h a

» and is characterized by the fact that no chemical

t

Slange i produced in the conductor, the only effect being
€ Production of heat. When electric currents, therefore,
5 through metallic conductors, such as copper wires,

> Or pipes, they produce no change in these conductors

1t102t to raise the%r temperature. Under all ordinary _cOn-
§ stray electric currents found on underground pipes

Tajlg
ex.:e

s. RTINS | ¢
. l.—Diagram Showing Path of Current from Generator

through Positive Feeders, Trolley Wire, Car
and Rails.

3:: zﬁt sumCienﬂY_lf“ge tf) appreciably heat these pipes. Un-
Tentg Sl _condmons- pipes may, however,. carry stray cur-
Iy hi of sufficient magnitude to produce heating at moderate-
814 resistance joints.
DassEleCtmlytiC conduction occurs when an eleFtric current
> through an electrolyte, and is characterized by the
ing 2t the electric current is transmitted by a corresponq-
¥ transfer of ions in solution, with the production of chemi-
ng €Composition at the electrodes where the current enters
deﬁn:daves the (?lectrolyte_ E%ectrolysis may,. therefo;e, l?e
Cu; eny as chemical decomposition p1:oduFed by an eectr;c
'eﬁni,n - Electrolysis is usefully applied in .the arts for the
& of metals and for producing chemical compounds.
§ Wite: wants to discuss here the destruction of unde.r-
Structures caused by electrolysis from stray electric
which reach these structures.
the S:l ;.mical compounds in solutions of water, FODStitute
Such 4 Eary electrolytic conductors. Pl{re water 1tse1.f has
A mop, 18h resistance that it may practically Pe com_s1dered
¥ g onduCt'Or. It is for this reason that an iron pipe f.'ull
nee tlnary city supply water does not have a l;ower resist-
readiy an the same pipe without water. Water is, however,
Sa; made conducting by the addition of small amounts of
elect;“?;‘iic conduction through water is, therefore, always

Ilre!]ts

electr:le following is a brief explanation of the theory of
Ytic conduction. When a salt is dissolved in water,
e;:rft the molecules separate or dissociate into two pl?rtst,
ne%’ativ havlng a positive electrical charge, and th.e ot ;1;1 a
Rety) © electrical charge, and these parts are called' ions. The
g ¢ »'DartS. (or the hydrogen) constitute tl’{e positive ions,
\eacld parts the negative ions. For instance, copper
* .
me' of Electrical Engineering at Stevens Institute
nology
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sulphate, CuSO,, when dissolved in water, dissociates into
the positive metal ion Cu and the negative acid ion SO,. An
electric current is transmitted through an electrolyte by the
transfer of these ions. The electrode by which the current
enters the electrolyte is called the anode, and the one by
which the current leaves is called the cathode. The metal or
hydrogen (positive) ions travel in the direction of the cur-
rent and carry positive electrical charges to the cathode, and
these metal ions, called cations, . are deposited upon or are
liberated at the cathode. The acid (negative) ions travel
against the current and carry megative electrical charges to
the anode, and these acid ions, called anions, will corrode
the anode if it is a metal which combines chemically with
these anions. The cathode is not corroded. With an elec-
trolyte of copper sulphate dissolved in water, a copper anode
corrodes into copper sulphate and dissolves, while metallic
copper is deposited upon the cathode. If the electrotyte 1s
common salt dissolved in water, the anions are chlorine, and
an iron anode would be corroded, the iron forming ferrous
chloride ; the cations are sodium, and these would decom-
pose the water present and liberate hydrogen at the cathode.
These examples furnish an illustration of the fact that the
corrosive action of the current results in suppiying the elec-
trolvte with an equivalent of the amount of salt decomposed
by the current, so that the electrolyte is continually replen-
ished with salt and its electrolytic conducting power is there-
by maintained. This salt will contain metal ions of the
anode or hydrogen, and may be different from the original
salt which started the action.

Street soils, when entirely dry, do not conduct electric
currents. Under ordinary conditions, however, street soils
contain considerable water with salts in solution, generally
chlorines, and this makes them electrolytic conductors. When
an electric current passes through soil it, therefore, does so
by electrolytic conduction and by corresponding chemical
decomposition at the electrodes. Where an electric current
leaves am iron pipe for soil it corrodes the irom by this action
of electrolysis. Tt has been claimed in the past that soils
may conduct metallically; but this has been disproved, and
it is now recognized that conduction of electric current
through soil is always electrolytic.

The rate at which ions are liberated at the electrodes is
proportional to the current strength. With an oxidizing
anode, such as iron or lead, the mass of anode corroded by
one ampere in 1 second is equal to the electro-chemical
equivalent of the metal of the anode. This is 0.00020 gram
for iron (ferrous). From this the mass of iron corroded by
1 ampere in 1 year is 0.00029 X 60 x 60 x 24 x 365 X
0.002205 = 20 pounds (approximately). The electrochemical
equivalent for lead is 0.0010716 gram, and the mass of lead
corroded by 1 ampere in 1 year is 0.0010716 X 60 x 60 x 24
x 365 x 0.002205 = 74 pounds (approximately).

The separation of the metal or hydrogen ion from the
electrolyte in the cathode absorbs energy from the electric
circuit and generally produces an electromotive force in the
opposite direction to the current. The oxidation of the anode
supplies energy to the circuit, generally producing an electro-
motive force in the direction of the current. If the oxidizing
anode is of the same metal that is being deposited upon the
cathode, and if the electrolyte is the same at the anode and
cathode, then there is no resultant electromotive force due
to the electrochemical actions, and the only electromotive
force consumed is that due to the resistance of the electrolyte
in accordance with Ohm’s law, exactly as with a metallic
conductor. If the metal deposited at the cathode is different
from that oxidized at the anode, or if hydrogen is liberated
at the cathode, or if the electrolyte at the cathode is not of
the same composition or density as at the anode, then there
will be a resultant electromotive force, which may be either
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in the same or in the opposite direction as the current. It
has been assumed by some writers in the past wat no cor-
rosion from electrolysis can take place if the voltage between
two metallic conductors in soil, such as between pipe and
rails, is less than 1.5 volts, because this is the dissociation
voltage of water. This, however, is entirely wrong, and it
has been proven by many investigations, also by practical ex-
perience, that the amount of corrosion produced by electrolysis
is independent of the voltage, except in so far as this deter-
mines the amount of current flowing, and that the smallest
fraction of a volt can produce corrosion from electrolysis un-
der suitable conditions, and this is now gemerally recognized
by electrical engineers. ‘

A large number of laboratory tests have been made to
determine whether electrolysis is produced when an alternat-
ing current flows from a metal to an electrolyte; for example,
from a pipe to surrounding soil. These experiments indicate
that a slight amount of electrolysis may be produced by an
alternating current, which is generally less than 1 per cent.
of the amount of electrolysis produced by a corresponding
direct current. It must be remembered, however, that, in
the case of alternating current, electrolysis would be pro-
duced wherever there is a flow of alternating current between
a metal and soil, while with direct current metallic anodes
exist only at 2% the points where current flows between metal
and electrolyte ; mamely, where current leaves the metal.

Sources of Stray Electric Currents,—Stray currents are
electric currents which have leaked from grounded electrical
distribution systems and flow through ground and through
underground structures. Grounded telephone and telegraph
lines produce electric currents through ground of such very
small magnitudes that their effects upon underground pip-
ing systems can bé neglected. Direct current, electric light-
ing systems, in' which the distribution is on the Edison 3-
wire plan, with the wmeutral conductor grounded, are in
American practice provided with such large neutral conduct-
ors of copper that practically no stray currents are produced
from such systems. This grounding of the meutral in Edi-
son 3-wire systems is to serve as a safety measure, and is
not for the purpose of using the ground to carry current.

The secondaries of transtormers are also frequently
grounded to underground. pipes for.the purpose of prevent-
ing a high and dangerous voltage from existing. between the
secondary circuit and ground. . Such ground connections,
however, do not produce flow of current from pipes to ground
and, therefore, such grounding of transformer secondaries
does mot cause danger from electrolysis.

Electric railways, using the running tracks for return
conductors, often produce comparatively large stray electric

-currents through. ground, and these are the only sources of

stray currents which need be considered in practice. - Direct
current is very generally used for such electric railways, and
it is the common practice to supply current to the care from
an overhead trolley wire or from a third rail, and to return
this current to the power station through the runming tracks,
supplemented where necessary by return feeders. A single-
trolley electric railway is shown diagrammatically in Fig 1,
in which the path of the electric current, from the positive
terminal of the generator through the circuit and back to the

‘megative terminal, is shown. The running tracks consist of

rail lengths about 30 feet long, and these are mechanically
fastened together by fishplates which consist ot steel plates
bridging across the rail ends and bolted to both rails. Such
fishplates, while mechanically fastening the rail lengths to-
gether, do not form good electrically conducting connections
between the successive rail lengths. For this reason, cop-
per wires or straps, called rail bonds, are generally used to
bridge across the abutting ends of the rail lengths for the
purpose of affording a good electrically conducting path be-
tween successive rail lengths. The two rails of “a single-
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track road, or the four rails of a double-track road, are also
generally connected together at frequemt intervals by cross
bonds so that the 2 or the 4 rails may be available for the ¢
turn of current. Instead of using copper rail bonds, $¢
rail ends are sometimes welded together, or soft steel plates .
are welded across each side of the abutting rail ends, %
forming both a strong mechanical and a good electrically
conducting connection between the successive rail length®
A well bonded railway track should have a conductivity oot
less than 8o per cent. of the equivalent conductivity of _CO}"
tinuous rails. To give some idea of the relative conductl‘flty
of steel rails, it may be stated that a single rail, weighmi
ou pounds per yard, which is a size commonly used wher
the traffic is heavy, has about the same conductivity as A i
per wire 1 inch in diameter. Thus the 2 rails of a :51118’
track line, or the 4 rails of a double-track line, laid with 9%
pound rails and well bonded, afford a good conducting P?
for electric current.

In the simplest form of single-trolley railway, ?l
shown in Fig. 1, the rails are connected to the megatiVé
minal of the generator at the power station, and the 9 1
path for current to return to the power station is by };vay 0
the running tracks. If the running tracks are laid upo‘
wooden ties above ground, with broken stone for road i
last, as is common on Steam railroads which run oL t ;
own right-of-way, the rails do not come in direct contact i
ground, and the return current will be practically con 1;_0
to the running tracks. If, however, the running tracks1 g
laid below ground so that the top of the rails is on the :

ready

: : e the
of the surface of the street, as is common 1n cities, emwi
rails will be exposed for a considerable area to contag';rab A

soil. If the tracks are laid on a concrete base a cons? p
area of the rails will similarly be in contact with the coB®
Since both damp soil and damp concrete are under ordin?”
conditions conductors of electricity, part of the current ret g
ing through the rails will shunt from the rails through the $ !
rounding soil, as is illustrated diagrammatically in lg.;iw
It will be seen that, with the usual conmection of POSItiv,
terminal of the generator to the trolley wire and the neg? i
terminal to the rails near the power station, the current wes
leave the rails for ground at points distant from the P¢ the
station, and return to the rails in the neighborhood © "
power station, in its path back to the negative termin -
the generator. Since every electric circuit must be ust
pletely closed, all current escaping through grolmd lete
again leave ground to return to the dynamo so as to Comsre5r
the electric circuit. When underground metallic struct of
such as gas or water pipes, lie in ground in the Pat. cally
these stray currents, and where these pipes have electf::oup_
conducting joints, such as lead-calked joints or sCf"jW d
ling joints, current will flow from ground to such P‘Pesower
flow largely on such pipes in a direction towards :he'P s
station. In the neighborhood of the power station this |
rent will leave the pipes to return to the megative tef
of the generator, as shown in Fig. 2. .
nega?

In the negative terminal of the generator OF fro®
bus-bar is connected to the rails, at points some dif"t"‘nt ur?
the power station by means of insulated megatlv® J ‘pe
feeders, them, at such comnection points, the rails W il
rendered negative in potential to ground, and curren® o 1%
tend to flow from underground pipes through grous tions’
turn to the rails in the meighborhood of these connec 1ea%¢
Stray railway currents on pipes will, therefore, tend @ thes®
these pi_pes‘ to return to the rails in all regions whe ¢
rails are connected to return feeders. du

It must be noted that, while ordinary soil is 2 con ac?
of electricity, compared with metals its electrical res! the
is enormously high; for instance, the resistance betw® surt
opposite faces of a foot cube of ordinary soil may % qunt
anywhere from 10 to 1,000 ohms, depending upon the

ve
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°f mojsture and the amount of salts in the soil, while the re-
Sistance of a foot cube of iron is equal to about ©.0000004
°h_ms for the resistance of a foot cube of soil, it is seen that
S0ll has no resistance which is of the order of 250,000,000
tmes as great as a body of iron of the same dimensions;
that g to say, the conductivity of iron is 250,000,000 times as
800d as ordinary soil. It would seem from this that current
Would flow almost entirely on the good conducting rails and
fone through the high resistance ground. Resistance, how-
ever_’ Varies directly as the length and inversely as the cross-
S€ction of 5 conductor, and with the large surface of rails
zpoSed to the ground, the cross-section of the path of t.he
Trent through ground is enormously great compared with
the Cross-section of the path of the current through the rails.
S @ matter of practice it is found that where tne rails alone
o used for the return of current, frequently a considerable
Portion of the total current actually leaks from rails through
g!’ound_
leak‘me the above comsiderati_ons it will l?e seen that the
‘Ing of current from the rails of electric railways, pro-
}1_c.1ng Stray currents through ground and on underground
g;plng, does not constitute a source of loss to t}:e railway
ofmpamy; as, for instance, would be the case with leakage
83s or water. On the contrary, by allowing the current
' return by ground and underground pipes as well as by
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the trolley cars back to the power station produces in these
rails a drop in potential; that is to say, points in the rails
away from the power station have a positive potential with
reference to the rails at the power station. Since potentials
are measured relatively it is convenient to consider the nega-
tive terminal of the dynamo, which is assumed conmected to
the rails at the power station, as at zero potential. The dis-
tribution of potentials in the rails of a simple electric rail-
way system, and in the underground piping, is illustrated in
Fig. 2, in which convenient values have been assumed. ‘It
will be noted that the stray current causes the underground
pipes to be megative to the rails at points away from the
power station, and positive to the rails near the power sta-
tion. It is also seen that the megative potential of the pipe,
plus the drop on the pipe, plus the positive potential of the
pipe, equals the drop in the rails. In the case assumed a
potential difference of 550 volts is maintained at the power
station ; of this, 10 volts is lost in the trolley wire, 520 volts
is used by the motors of the cars, and 20 volts is_left to bring
the current back to the power station. If the negative bus-
bar and the rails at the power station are considered as at
zero potential, the rails at the car in the assumed case will
have a potential of + 20 volts. Thus, for practical purposes,
the ground with its underground pipes is subjected to a po-
tential difference of 20 volts, and the amount of stray cur-

- ” + 6§40 Volts
5
+ 550Yolrs
Yomenag Railway Power House z
.W. PiPe Gmrn'ar D D D D D :::»’:c“";'l
RAt, - 8 -TO
f 3 RAln)y
st 20 Volts Drop aleng Rails
O Vo T st —-— p—t— - g > Emrind e e +20 Velits.

\‘

—
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Fig. 2.—Diagram Showing Stray Currents and Assumed Resulting Potentials.

;;a:; Of the rails, the total conduc.tivity of the return‘circuit
Tent Creased, and the voltage loss in the return ?f this cur-
for % def:reaSed’ so that there is an actual saving of power
€ railway company.
b enDuring. the last few years alternating _curr(?nt has 1:;15;:
emp), Used in a number of cases for electric railways wh1c
theg i .the running tracks as a return conductor. Where
Ten € Tails are in contact with ground stray alternating cur-
;> through ground are undoubtedly produced. As already
Sist::e‘.i out, such alternating currents may produce el;ctrol‘):
due ich varies up to 1 per cent. of that which would be prt-
Ua] by a corresponding direct current. However, no zf;h
’ailw:Se of electrolysis from alternating currents f}'om sm_e
Thig ¥s has been reported, as far as the. writer 1is z;wtri(.:
Taily, ™May be due to the fact that alternating current e elg ;
ang :Ys In nearly all cases operate on long « distance m;-
el‘gr: their own right-of-way, where they are away from zbt
feq) und piping networks. The au'thor, theref.ore, does i
DDsit‘iw'arramed in drawing any positive conclusion as to e
Teng Ve danger from electrolysis caused b_y i!.lter.natllflg" c
i elﬁctﬁc railways where they operate within city limits.
8r°“°.n"ﬂ Effects of Stray Electric Currents on Under-
"d Piping,—The current flowing through the rails from

rent produced is that due to these 20 volts. If the rails are
laid in the usual way—that is, in contact with ground—the
20 volts in the rails will send some shunting current through
the ground and through the underground pipe as shown in
the diagram. Under the assumed conditions, there is a drop
of 8 volts from the rails to the pipe mear the car, a drop of
4 volts in the pipe itself, and a drop of 8 volts from the pipe
through ground to the rails at the power station. It is, there-
fore, seen that it is the potential difference or drop in ground-
ed rails caused by the return current which is the cause of
stray currents through ground. Attempts should, therefore,
be made to keep the potential difference or drop in rails as
low as practicable, in order to keep stray currents through
ground down to a minimum.

From the explanation of metallic and electrolytic con-
duction given in the first part of the paper, it will be under-
stood that, where stray currents flow on underground pipes,
they do no harm, except where they leave the pipes to flow
to the surrounding soil. = At such points corrosion of the irom
from electrolysis will take place, and theoretically there will
be a loss of 20 pounds of iron per year for every ampere of
electric current leaving ‘the iron. Some have assumed that,
with the low densities at which current generally leaves un-

SoE oGS
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derground pipes, little or no corrosion is produced. A num-
ber of experiments made by the writer have clearly shown,
however, that, even when current leaves iron for street soil
at an extremely low density, corrosion is produced which is
at least equal to, and frequently greater than, the theoretical
amount. This increase of ‘the actual over the theoretical
amount is undoubtedly due to secondary chemical reactions
set up by the action of electrolysis.

The underground structures which are most likely to be
subjected to destruction from electrolysis, caused by stray
electric currents, are piping systems and lead cable systems.
From what has been said above it will be seen that oxidation
or corrosion of such pipes or cable sheaths will occur
wherever current leaves the pipe or cable sheath for ground.
In the simplest case, illustrated in Fig. 2, current flows
from rails through ground to the pipes at points distant from
the power station, flows along the pipes and leaves the pipes
to return through ground to the rails in the neighborhood of
the power station. Where the current flows from the rails to
ground the rails will be corroded, and where the current
flows from the pipes to ground the pipes will be corroded. If
the pipe line is a uniform electrical conductor, and the rela-
tive arrangements are as shown in Fig. 2, then the pipes
will be corroded only in the neighborhood of the power sta-
tion. If however, the pipe line is mot a uniform conductor,
as, for instance, if there are one or more high resistance
joints in such pipe line, then the current on the pipe will
shunt around these high resistance joints to produce oxida-
tion or corrosion on one side of the joint. This action gives
rise to joint corrosion, which is frequently found. Where
there are two or more underground piping systems it also fre-
quently happens that current shunts from one piping system
to another through the intervening soil, producing electroly-
tic corrosion where the current leaves the pipe. Such shunt-
ing currents are often caused by accidental high resistance
joints in one of the pipe lines, and such shunting may occur
anywhere and without reference to the location of the rail-
way power station. Where a direct-current trolley railway
system passes through a town which has an independent pip-
ing network, and where the power station supplying the trol-
ley line is in some other locality, then if stray electric cur-
rents are produced from the trolley line where it  passes
through the town, they will flow on the piping system, mak-
ing this piping system positive to ground and to rails in the
direction towards the railway power station and megative in
the direction away from the railway power station. In this
case electrolysis of the piping will be produced at the ends
of the piping system towards the railway power station.

Where current leaves a wrought iron or steel pipe for
ground, the oxide of iron resulting from electrolysis is dif-
fused through the soil, and streaks of iron oxide can gener-
ally be found in the surrounding soil. Electrolysis of wrought
iron or steel pipes usually results in pits, which eventually
go entirely through the wall of the pipe. It has frequently
been found in practice in the case of gas pipes that where
a service of pipe lies in clay or other tightly packed soil, it
may be pitted through in many places without giving any ex-
ternal sign of leakage, because the soil surrounding the
pipe maintains it gas tight. When cast iron is corroded by
electrolysis, the oxide of iron mixed with graphite usually re-
main in place leaving the outside appearance of the pipe un-
changed. This material resulting from electrolysis of cast
iron usually has the consistency of hard graphite, and can
be cut with an ordinary knife. There have been many cases
in which a cast iron main was carrying gas or water without
any apparent leak, where a single blow with a hammer
drove a hole right through the pipe. Here the electrolytic
action had corroded the irom entirely through the pipe, and
the oxide of iron had remained in place, and, together with
the surrounding soil, had prevented the pipe from leaking.
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Whether or not the mixture of iron oxide and graphite I¢
sulting from electrolysis remains in place so as to maintail
a pipe gas or water tight, depends upon the surrounding SO
conditions. It is, therefore, seen that an underground pipit8
system may be suffering severely from electrolysis with‘Out
bhaving given amy outward sign of the damage. A thSlcal
examination with a test hammer is required in the case ©
cast iron piping to establish definitely whether or not it bas
been damaged by electrolysis.

For a given current leaving an irom pipe, there is prac
tically no difference in the amount of iron destroyed betwee?
cast iron, wrought iron and steel The electrical resistivity
of cast iron is, however, about 10 times as great as that ©
wrought iron or steel, and the usual lead joints in cast if%%
pipes also have a resistance many times greater than th¢
screw-coupling joints usual with wrought iron and St€€
pipes. - For these reasons a given vVoltage drop through
ground will cause a much smaller current to flow on 2 C‘fst
iron pipe than on a wrought iron or steel pipe, thus practic
ally making cast iron pipes much less subject to electrolys™
than wrought iron or steel pipes. The most frequent damag®
from electrolysis is found in the case of service pipes wher®
these cross under trolley rails or other underground €%%°
ductors to which they are positive. Examples of dest’l'lw':“fn
of pipes by electrolysis which are often found in practice ¥
be taken up later under the heading of “Damage and D?%
ger Produced by Stray Electric Currents on Undergrot?
Piping.” _

(To be continued.)

— v

RADIATION IN HOUSE HEATING.

o

By C. F. Smith.

5 3 Y iation
For those interested in estimating the required rad“’tli
for residences the following formula and tables present
an article in The National Builder should prove of value:

Ct

Diagram of Heat Units to be added
for Different Exposures.

The formula is based on one change of air per ho¥ "
living rooms and bed rooms and three changes per hour "
halls. In large living rooms or parlors, two air chang®® ﬂla
hour, he states, should be provided for. Mr. Smith’s form

B.T.U. required = W x K+ G x L + C x N X
a certain percentage for exposure in accordance Wit
following diagram.

the

is as follows :— T+
h
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In the formula :
= net wall area.

i :
B accordance with Table 1.

TABLE 1 (K).
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a constant for different forms of wall construction

Heat losses in B. T. U. through walls of
brick or frame, with differences in tem-
perature of outdoor and indoor air of

5 5 0 65 70 75

40°F. 45 50

il

ot

2
0
8
7.2
8
2

1
3 b {1l Sl 1 Gl T
d inside.
TABLE 2 (L).

Heat losses in B. T. U. through windows and skylights, with diff-

erences in temg:erature of outdoor and .indoor air of
40°F. 45 0 55 60 65 0

n,
Dois Blass . 435 48 545 60 655 71 76

..... 24.7 27.8 31 34.1 37 40.2 43.4

01
Sin';] sw"'gdow ...184 20.7 23 253 27.6 299 322
58 70 75 81

Il

v 46, 64
ight ...19 22 24 27 29 31 34

a constant in accordance with Table 2.

= cubic contents of room.
= number of air changes per hour.

a constant in accordance with Table 3.

75 80
82 87
46.5 49.6
34.5 36.8
87 93
36 39

glass surface (full size of window openings).

If there is a cold space above or below the room, the
area of the ceiling, or floor, should be multiplied by
€ Constant R or S, as the“case may be, as per Table 4,

sur: faCe

0d the

Weight B1 .

quotient added to the previous total.

TABLE 3 (T).
Specific Heat of Air, 0.2375,

Initia)  ©f Air to Raise
em, cper 1Cu.Ft B. 1. U. required to raise 1 cu. ft. of air from initial temperature
Deg. . Cu Ft. of Air (Col. 1) to final temperature of
20 Lbs. 1°F. 6°F. 70 8 90 100 110 120 130 140 150
10 8-0903 00214 1716 1931 2145 236 2575 2780 3.004 3218 3432 3.647
0 (00883 00209 1468 1677 1887 2096 2.305 2516 2725 2935 3144 3‘35;
10 00863 0.0205 123 1435 164 1845 205 2255 246 2665 287 3.079
R o fow foos LG e de s 2 20 e 2
30 o 0196 0.786 0. 179 1. ; . ! . . -
0 00308 00197 0476 0768 0960 1.152° 1344 153 1727 1919 2111 2.302
TABLE 4 (R + S). b
Heat losses in B. T. U. through ceilings and
floors (the space above, considered as 40
F. and below as 35° F., with differences
in temperature of
Latheq Ceilings. °F. 20 25 30 35 40
Fotheq 4nd Blastered.........i. e 93 124 155 186 27 A8
ath plastered, double floors........ 2.7 36 4 - - ;
B e ke Roorr i SR S
Sin, 1 Floors.
Single' 10t plast 9 SR Sl s 7 e
Dot athed ang piastered.o o Se 32 s 28 1 104
OUble 1200 Dladtered... .. .o recnssnoneens 4.7 6.2 78 93 109 12.;
" lathed ‘and’ plastered. . .. 1111 37 B TAE 5T
TAp
e E S_ACTUAL VELOGITY OF AIR IN FLUE IN FEET PER MINUTE BY
il NATURAL DRAFT.
?lue
nky T — 7, i f External Air, Deg. F
i 2 01 T 0" 40 %50 "% 70" 85 0 100 110 1 130 140 1
S, 3 42 48 54 60 67 75 81 88 95 101 108 113 118 1 2
lo; ;3 175 93 108 120 135 151 168 183 198 213 228 243 254 264 275 285 3?3
3 93 195 133 153 171 198 216 247 266 288 308 326 342 358 374 388 404 413
01108 132 162 189 210 231 264 207 326 354 379 393 420 438 456 474 4 i
§§-~120 153 189 216 243 264 306 342 376 409 435 460 483 504 525 547 sgg o
132 121 213 243 270 297 337 384 414 444 475 507 540 564 588 613 600 663
3 89 234 264 297 324 372 420 460 498 533 365 594 g(z)g 64% %g ;5 S

29 48,
282 324 363 399 456 513 564 610 652 690 724 759 794
644 688
919
972

919
420 486 530 594 680 768 842 910 972 1029 1080 1134

EDMONTON TELEPHONES.

————

s 728 765 801 837 8
01204 264 324 373 420 461 520 504 650 703 751 795 835 876 9
80 285 876
965 1012 1060 1108 1148 1185

866 918
116 1155 1196 1248
s 10z 1 }188 1233 1276 1325

1008 1

864
73 %08 937
53 004 1028

044 1083

bor, Be city of Edmonton, Alberta, will spend in the neigh-
of $1,000,000 on extension work during 1913, Fhe
of ¢ €T part of which will be cable work. It is the intention
Municipal department to build much underground
in both South Edmonton and North Edmonton, and

i
0o0d
great

s
c°nduit

Cre w2
Worl, wil]

also be considerable underground and aerial cable
- R. Griffith is superintendent of the department.
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ENGINEERS AND GEOLOGISTS.

We take pleasure in publishing that portion of an address
dealing with the general engineering profession, presented
by Prof. H. E. T. Haultain, C,E., M.I.M.M., Professor of
Mining, University of Toronto, before the recent annual
meeting of the Canadian Mining Institute. It has caused
considerable discussion, and as we mention, does not solely
concern mining engineers, but applies generally. @~ We are
very sure every engineer will be glad to see Prof. Haultain
taking up the gloves in an endeavor to give engineers who
carry on material construction rather than interpretative
theory, the credit that is due them. Quoting from this paper
it states:— .

There is another phase upon which I must touch, and
that is the relation of the geologist to the community. Not
only have the three last presidents of the Canadian Mining
Institute been geologists, but the president of the Americar
Institute of Mining Engineers is a geologist, the Dean of
the Faculty of Applied Science of McGill is a geologist, ithe
late Tenowned Principal of McGill was a geologist. Van
Hise is president of the University of Wisconsin and Geikie
is president of the Royal Society. We find geologists holding
important public positions in all parts of the world, and
holding them successfully and with distinction. The geo-
logists are an ancient and honorable body. I can find no
reference of slur or suspicion remaining attached to them.
They have been clean and kindly men. Taking the geo-
lgoists that I know personally I find them delightful men,
agreeable companions and general favorites wherever they
go. Of course, there is always the exception that proves the
rule, but I believe you will all agree with me when I say
that in general pleasantness the average of the geologists
is higher than the average of most of the other groups of
men with whom we come in daily contact. They are not only
prominent in their scientific work, but they are prominent
in the community, and the Canadian public at large accepts
them not only as being of great importance to the State
scientifically, but as being above the average good citizens.

In remarkable contrast to these public successes of the
geologist, I find the condition of the engineer, not only the
mining engineer, but the engineer in all branches. The
engineer is doing the world’s best work to-day. All that
counts for prosperity and health and material growth is based
on the work of the engineer. All that we are most proud
of in this young nation is dependent upon the work of the
engineer. The engineer exists in large numbers. Even in
Ottawa there are more engineers than geologists. But we
find very little public recognition of the engineer. We seldom
if ever find him holding a public position of responsibility
or honor outside of his immediate work. We have no en-
gineers in Canada who are members of the Royal Society,
and if we have one who has been knighted it is simply the
exception that proves the rule. Why? How is it that the
geologists beat the engineers to the high positions? Is it
because their work is of greater importance to the State?
Is it because their work is of a higher type? One would
think so from the results. Is it not patent? Is it not
obvious? But unfortynately the truth is not always obvious.
Truth is oftener at the bottom of the well than prominent
on the horizon. We must carry our analysis further. I sub-
mit that there is another and simpler reason. When we
analyze the work and effort of the geologist we find it made
up of two separate and distinct functions. The engineer’s
time and effort is devoted entirely to his engineering work.
A part only of the geologist’s time is devoted to the study
of geology. A large part, and sometimes the larger part,
is devoted to descriptions of his work, to publicity, One of
their functions is that of the story-teller. From the begin-
nings of their existence they have been great story-tellers.

vt e

i ——
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In fact, they have been the champion story-tellers of all time.
Now, there is no doubt in my mind that some geologists,
or near-geologists, will consider that this is another half-brick
in poor disguise. But let us see what the story-teller has
been tto the community. When we go back to the beginning
of things, that is, to the beginning of things for man, to
about the time, let us say, of pithecanthropus erectus, the
story-teller was beginning. He was almost the first luxury.
Possibly man’s first distinction was that he was a fire-using
animal. Certainly about the same stage of his development
he became a story-telling and a story-hearing animal, and
the story-telling part was certainly more removed from mere
animal than any other phase of his activities. Progress. in
all stages has been based largely on co-operative organi-
zation, and this came first with the fighting animal, but
organization alone did not win out from the animal stage.
Organization could, and does, exist without language and
without man, but we departed from the amimal through lan-
~guage and progressed through -language. Language was
produced by and for the story-teller. For his purpose was
- language developed, and without language we would have
had no modern man. The neolithic scriber on bone, that
““mamothistic etcher at Grenelle,”” was a later development
of the story-teller, who told stories in pictures, and was not
only the forerunner of the comic supplement, but of all that
we understand in modern pictorial art. Later, he told stories
in song and in mimicry, so that all our art, which represents
our greatest departure from the anthropoid ape, is the work
of the story-teller. He has been in the vanguard of all pro-
gress since we left the trees.

It is impossible to conceive of a geologist being emi-
*.ent without this story-telling function being well developed.
Jnlike most story-tellers, he generally tells his own story
~of his own work. He is his own publicity agent; and what
‘magnificent stories he has been able to unfold. In the second
chapter of Genesis, and the second verse, we are told that
‘God rested on the seventh day, and for a thousand years
man had interrupted all his work every seventh day to
‘signify his assent to the six-day history of the world’s crea-
tion.  The story-telling geologist comes along and says:
“There is a mistake somewhere; it took® several million
years to create this earth, and I can prove it.. Here are the
proofs.”” When ‘the world had become accustomed to the
-shock of this, the geologist’s story went on to tell that man
‘was ‘not created on the sixth day, but that his creation was
a gradual development occupying a period also of millions
of years, the records of which in an almost unbroken chain
stretching from the protozoa to modern man ‘are preserved
in the everlasting rocks. True; some links were absent, but
every now and then the story is added to and the Neander-
thal skull and our friend from Java help to fill in the blanks.
Who couldn’t attract attention and hold the stage with such
stories as these? And the geologist had ‘many such in his
bag. - He shows us where the moon was born. He dissects
the teeth of the mammoth who wandered in our back yard
before the ice wids two ‘miles thick upon it. ard he counts
the nervatures of the wing of the ‘fly that plagued it.
" But even the geologist’s supply of stories coiild not keep
up forever to these high-grade samples, and, as the family
of geologists grew, they had to be ¢ontent with less and
‘less interesting stories. But stories they must have to main-
tain their eminence, and a story, to be a story, entails of
necessity a hearer, a willing and an interested listener. As
the quality of his stories waned he often had to expend as
‘much pains finding the listeners as in finding the story, and
this led him to the study of the listener, to the study of
man, his characteristics, his wants, his needs, his foibles,
and his weaknesses. He had to make the most of meagre
stories, he had to study that phase of man which brought
bim listeners. This has been going on for generations, and
the methods of the family of geologists in finding hearers
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is as well organized to-day as their study of geology. Are
not many of them geologists in the summer and writers ©
their stories in the winter? ,
Now the story-teller is still the greatest man among i
What does Kipling get per word? and has he not had the
refusal of the high honors of the realm? Theodore Roosevelt
received $350,000 for seven years’ work as President of the
United States, but received a million dollars for the story 0
his African holiday. But the geologists’ stock of interest!
stories is running low, or rather the proportion of interesting
stories to the number of geologists is becoming small, a;ll
instead of a greedily paying public 'he must perforce
back on government bluebooks for publication. ;
And how do I interpret all this? I interpret it thusWi®
The work of the geologist is in two pants. There 18 tha
study of geology to get the story and of man to get 4
listener. The engineer is so busy with his own work "hae
he fails to study man. The geologist, with his knowleds!
of man and with his knowledge of publicity becomes  UuS€
to man in other ways. e
The search for a listener has made the geologlstﬂ:
many ways a broader and a bigger man, and his art of stor¥
telling brings him into the public eye. has
Do I begrudge the honors to the geologist who By
reached to high position through his knowledge of mas? 0
no manner of means, I respect him, in some cases I b?
down to him, but let us be honest about it and recog®¥
that it is not the geology, but the story-telling and the me
that has won to high honor. a0t
Why, then, my half-brick of last year? It was
directed at the geologist as a geologist or as a story—teuee
but at men who were inclined to tell stories of no Conslc
quence to listeners provided by the reputation of the Wh?es
family of geologists, and to make capital out of these St
of no consequence, The geologist has from time immem® 0
been on a pedestal, and has, no doubt, taken care to be ¥ g
there. Round and about him, due to his art of story-teli
there has been a halo or an aura. His stories have 00t ©
had the important essentials of mystery and distance
in the main, they have been truthful and unquestio® "
the general public. But there are those who would P Iy
on this good name and on this long-earned and €ar®
preserved reputation.
I must confess that it is a source of some content o
see the radical change that has taken place in our pros* 00
since last year, with the greatly reduced percentage® of gwe
logical papers. There are many geological stories that
require, but that fact need not be abused. g afe
This summer the geologists from all the WORd |
coming here, and they will bring with them their best 5* entl]

and we, aided by government grants, have been d! 10

preparing for them, not only to hear their stories

provide them with new stories. oplér
Their stories will be listened to by all manner of P°%e

but by no one will they be more appreciated than what
mining engineer, for he will know and will preservé “ige
he needs, and this he will use in practical work . i
benefit of the community, and, going his own WaYy; logist
hold his peace and be unrecognized, and to the ge0
and to the story-teller will be the glory.

EEm— .

The Grand Trunk Railway Company reports that :ufroﬂ
February it received on outstanding orders 428 boX o 00
the Pressed Steel Car Company, twenty-five box cars . fic
the Canadian Car and Foundry Company; twenty-four . pin®
type locomotives from the Montreal Locomotive Wor ;;, i
switch engines from the Canadian Locomotive C‘;_,obo”.‘o'
seventeen Mikado locomotives from the Americanl Angdiﬂ"‘
tive Company, and four refrigerator cars from the '
Car and Foundry Company.
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RAILWAYS REQUIRED THIRTEEN MILLION
TIES .

There were 13,683,700 cross-ties purchased in Canada in
B vear.  Thic in an increase of 4,469,808, or 48.5 per
::Et"over previous years. The increase is due largely to

Way construction, which was specially noticeable in the
re:';tern Provinces on the new tramscontinental lines. The

aCement of ties on existing = lines amounted to about
10,000’000.

Osn}ere'Were in all eighteen kinds of wood r.eported for
ee;;tles In 1911. Red pine, Western cedar, birch, maple,
» Poplar, Southern pine, elm and black ash were report-

“d classified separately for the first time.
forg, < Pine replaced cedar at the head of the list and
able ed a’b01.1t 40 per cent. of the total.. The quality of avail-
Spo J3ck pine and its wide distribution were probably re-

Nsible for its poptlarity. Tamarack moved up from fifth

Second place and formed ‘over 19 per cent. of the total.

can JU8las fir increased from 9 per cent. in 1910 to 14 per
* 12 1011 ‘and moved up from fourth to third on the list.
em],
Taj] 5
thy 4y lines are building north of the northemn range of

s R ;
¢ SPecies, Spruce increased from 2. 5 to 6.6 per cent. on

er nt_°f the same activity of railway building in the north-

"egions of the country,

1914 t:)dar. t°°1_< an abrupt fall. from first place on the list in
Eastern Sixth in 1911. Practically all the cedar reported s
fact cedar, as the Western species is too soft for satis-
eithe:yt_“se for cross-ties. The supply of Eastern cedar ?f
Decieg '¢ or pole size is practically exhausted. These six
in the ‘ogether form o7 per cent. of the total. The others
lar \lseSISt are used in small quantities only, and for particu-
“lor;r e average price of ties in 1911 was 39 cents, one cent
0 in 1910, Of the species used in quantlty,' oak ties
the ch NS were the most expensive, and spruce ties werlcla
Shoy, . “PESt at 26 cents. Spruce, hemlock and cedar a
Doy 2 decreage ip average price while jack pine, taxlnarack,
Othe, 3 fir angd oak all show an increase. The lpnc:; ?f
Such S S are not comparable as they are purchas in
Haall Quantities, :
hern °Ut 63 per cent. of the ties purchased in 1911 were
e is. evin 1010 about 70 per cemt. were hewn, so the 1sla:;'n
% the ¢ dently increasing in’ favor, states a recent bu an
Doyg), TSty branch compiled by Mr. R. G. Lewis, B.Sc.F.
O b I ties were 04 per cent. manufactured in this way.
“en, s:;:mt and Southern pine ties were more than 50 per

hewnaCk .pine’ tamarack, hemlock and spruce were mostly
D%la’r ‘Zmlle cedar ties were about half and half. All the
Sayp . cd Pine ties were hewn. ;
than 1 tes cost on the average 41 cents, or 4 cents more
exbems;vwn ties, while in 1910 the hewn ties were the more
.Y three cents, ‘
Sy o ties burchased by electric roads were 81 per cent.
S %Dposeq to 35 per cent. in the case of steam . rail-

In .

; 1

tl?s N 910 the electric roads used only 38.6 per cent. of their

Wity then and 61,4 hewn, so with these companies as v;'e”.tas
Of 4 .M railways the sawn tie increased in popularity.

st : Wi E ex-
’Denslve ® Sawn ties Southern pine ties were the most ,

Ry tie é "'I1, with oak nex: at 82 cents. The cheape(;;

the S ‘_Nere of birch, beech and maple at 23 cents.

andwbirn tes chestnut were the most expensive at 58 cents
Steay, aPle and beech the cheapest at 20 cents.

Purcp, W Ta

f . in jes—an in-
Cof 4 hey purchased, in 1911, 13,004,528 ties

b 3,106, or 47 per cent. over 1910.

ock fell back and formed only 12 per cent. The new.

i yoasl d fiesr
ased llways in 1911 used 05 per cent. of all the s

This increase

is due, as stated above, to the construction of the new trans-
continental railways. They used all the ties made from
Western tamarack, Larix occidentalis, Western cedar, Thuja
plicata, birch, maple, beech, poplar, Southern pine, elm and
black ash. fris

Electric railways used only 5 per cent. of the total num-
ber of ties purchased in 1011,

The electric railways’ tota] of 580,242 is an increase of
95 per cent. over 1910. This increase 1s greatest with Doug-
las fir, the use of which has increased over sixfold. Douglas
fir was not used for ties by any of the electric railways of
Eastern Canada. Fir ties formed over half of the total num-
ber purchased; this species replaced cedar at the head of
the list. The cost of 20 cents is below the average for all
kinds of ‘wood.

Cedar ties, which had hitherto headed the list; ‘fell back
to second place with 28 per cent., and these ties increased
in price from 37 to 41 Cents, a price above the general aver-
age, demonstrating the increasing scarcity of this material.

Tamarack shows an increase in mumber but a reduction’

in price. Tamarack is found in small isolated: stands and
its prices and quantities vary with the accessibility of the
material to the railway line,

The average price of 29 cents per tie in all species used
by electric railways is a reduction of 12 cents from 1910 and
is due to the great reduction in the cost of Douglas fir ties,
which form over half of the total. Electric railways got
their ties 10 cents cheaper than steam railways. No red or
white pine ties were used by electric railways in 1911.

i

An interesting article on a particular type of retaining'
wall appears in the last issue of The Cornell Civil Engineer. '

The author is engineer of grade elimination on the N.Y.C.
& St. L. Railroad, and quoting from Mr. Himes’ article on
this subject he states:—

Awall of somewhat unusual design was constructed on
the Nickel Plate in East Cleveland, in 1910. The purpgse of

lVIew Looking Eastward, Showing Back of Wall.

the wall was to permit the elevation of the N.Y.C. & St. L.
tracks without encroaching upon the adjacent property. 'The
owners of that property. exhibited .a very unfriendly spirit |
towards the railroad company, and it was deemed necessary |
to effect the elevation of 'thle tracks without in any way en- .

croaching ‘upon the property. oS,

REINFORCED CONCRETE RETAINING WALL.’
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This made it necessary to carry the wall down to the
rock surface, some 18 feet below the top of the ground. The
centre line of the nearest railroad track was about 11 feet 6
inches from the face of the wall. The length of the wall was
about 250 feet. A careful study of the problem was made
and estimates prepared to show the comparative cost of a re-
inforced and a gravity wall.

The accompanying plans and the following tables show
a full theoretical discussion of the subject and the final de-
sign, the formula of the American Railway Maintenance of
Way Association being used.

Reinforced Counterfort Wall.
C. of G. refer.

Loads per foot section. to C tracks. Moment.
Counterfort and main wall 30,320 5.4 183,700
T le) 0 b0 - IR D s S A " 9,000 2us5 22,500
SUTCBATEE "ol i e vt s inmpleia b 9,600 0.0 00,000
BATEIT el G B eraiie 20,790 —1I1.9 —30,500
R R e 30,000 5.5 165,000
Loads per foot of pier

brought from intervening

wall :—

Main wall x 8/5... 6,400 11.0 70,400
Barthiose &85 5 s 65,100 1.3 84,600
Footing x 8/s5..... 14,400 5.5 79,200
Surcharge x 8/5 .. 15,400 0.0 00,000
201,010 565,900
Unit
Item. Quantity. price. Cost.
Conerete: (wall) ‘iovvivonss 1,250 cu. yds. $6.50 @ 8,125
Concrete (piers) .......... 700 cu yds. 6.50 4,550
Excavation (wall) ......... 40 cu. yds. 0.35 14
Excavation (piers) ........ 1,125 cu. yds. 1.00 1,125
SEORY s it o v s el 121,900 lbs. 0.025 3,050
Engineering & contingencies, 15% 2,530
810,304
§|J
s $-HE——1«
é L e
HAPSIE P K K A RN
éé' _"_.4. 134 3 M\ \Q\
B e oare
3L} AR | S P N A N D0 R N
N i .
*“'J_:;_l i it }__._ i'" ) ="." o9 A0 LT KL
L ‘IR
& “ f'..\lu ISt /9 Laef
I"_—_T_— It-raBans Te - '] :

i : g :
lﬁ[’f—\“‘-ﬁ i
Section C-D.

X = 2.81,

E = Thrust at pier;

E’= Thrust brought to pier by intervening wall;

E = 285 x 36.5 (36.5 + 20) 120 = 2 = 35,280 1bs.

E’= 285 x 22.25 (22.25 + 20) 120 x 8/5 + 2 = 25,730 lbs.
per ft. of pier;

Volume 24-

E acts at a height of [(36.5)® + 3 x 36.5 x 10] + [3 %
(36.5 + 20)] = 14.26

E’ acts at a height of [(22.25)* + 3 x 22.25 x 10] + [3 %
(22.25 + 20)] = 8.84

Taking bottom of footing at reference line,

Total horizontal thrust acts at a height of (35,280 x -0f T
25,730 x 8.84) + 61,010 = 3".75

Resultant cuts the base 4’.2 from front of footing.

Toe pressure = 2 x 201,000 + (3 X 4.2) = BI1,000 1bs. /54"
ft. = 222 lbs./sq. in. i

Resultant of forces acting on wall proper cuts the top of .the
pier 8.0 from the face.

Toe pressure = (4 x 14— 6 x 8) 171,010 + (14)® = 6,980
lbs./sq. ft. = 49 lbs./sq. in,

Heel pressure = (6 x 8 — 2 x 14) 171,010 + (14)*
17,450 1bs./sq. ft. = 121 lbs./sq. in.

E’ = 16,080 lbs. per foot of wall at bottom of footing.

Solid Wall.
C. of G. refer.

=

Loads per foot section. to C tracks. Momen®
Main wall x 20/8........ 63,250 6.7 423,89
Footing AR s R 18,500 4.25 78’600
Earth oy b AP 41,750 0.7 29,200
Surcharge x 20/8........ 24,000 0.0 005
. Additional load on pier—

BACT S Sl o b 30,000 33 128,7%°
| 90T o IR TS S e sl 12,400 —s5.0 - 73,19
/
198,900 587,2%°

Unit
Item Quantity. price. Cost:
Concrete (wall) Joo..ioeaen 2,000 cu. yds.  $6.50 $13,0

Concrete (piers) .......... 1,000 cu. yds. 6.50 6’5040 :

Excavation (walls) ........ 40 cu. yds. 0.35 10
Excavation (piers) ........ 2,020 cu. yds. 1.00 2’020
Engineering & contingencies, 15% 3429
—
$24176‘

E = Same as for counterfort wall = 35,280 lbs.
E’= 285 (22.25 x 42.25) x % x 120 x 12/8 = 24,120)1b:

Total horizontal thrust acts at a height of [(35,280 x 0!
(24,120 x 8.84)]1 =+ 50,400 = 3’.50
Resultant cuts the base 4’.3 from front of footing.

Toe pressure = 2 x 198,000 = (3 x 4.3) = 30,837 1bs- /59
ft. = 214 lbs./sq. in. o
Resultant of forces acting on wall proper cuts the top

the pier 6’.5 from the face. !
Toe pressure (4 x 16.5 — 6 x 6.5) 147,500 —+ (16.5) e
14,628 lbs./sq. ft. = 102 lbs./sq. in. S8
Heel pressure (6 x 6.5 — 2 x 16.5) 147,500 =+ (1650 =
3,250 lbs./sq. ft. = 23 lbs./sq. in. 25

The estimated cost of the wall as finally designed :tg
$23,570, and the actual cost after writing up the acco?
was found to be $21,342.20. The estimated saving e i
cost of a gravity wall was about 20%. The wall W35
structed with the forces of the Grade Elimination
ment, not by contract.

A feature of special interest in the wall is the M
which the load was distributed, so as to prevent the maxi® of
pressure from occurring at the toe of the wall on the ' o
the pier. Theoretically the maximum toe pressure 0 and
the face of the wall at the rock surface, but since the ¢
surface is near the top of the piers, it is probable atless
maximum toe pressure at the rock surface is someW: . on
than calculated. The face of the piers was built X3 %,
the property line. The face of the wall was set back 6
in order to insure that no part of it would by mischa?

anne’ o
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croach on private property. The wall has now been two
éyears in service and no change of any kind has yet occurred.
i The accompanying pictures illustrate the methods em-
ployed in its construction, At the street, abutments were
3constructed for the bridge over the highway. These abut-

iments have no physical connection with the wall, being

3
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stalled and the joint so arranged that should either wall be
inclined to tilt forward it would receive support from the‘
other. Two-inch stone was used in the construction of t.he
wall, It was found that because of the closeness of the reif”
forcing bars it was difficult to get the coarse concrete ma-
terial in place. The use of smaller stone or gravel woul
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REINFORCED COUNTERFORT WALL

SO0LID GRAVITY WALL

Note.—It is a condition of the design of wall that it shall be so constructed as to be perfectly stable in the event of the
removal of all material above rock surface immediately in front of wall.

Comparative Designs and Estimates for Proposed Retaining Wall.

separated with carefully constructed joint:s. The several sec-
tions of the wall, A, B, C, D, were likewise separatﬂec.i by ex-
yansién joints. All of these joints have opened a tni.ie dur-
dng the winters. A joint at the juncture of the main wall
and the wing wall was located so as to bisect the angle be-
tween the walls. This location is always a plane of weak-
ness and subject to cracks. In this case the crack was fore-

have secured somewhat better results and cost less m°‘.‘ey:
Quicksand was encountered in the foundations, but occaslon-
ed no serious difficulty beyond the settlement of the teriy
porary trestle, from which the material was handled.

The details of the wall and the calculations were W°rke, .
out by Mr. A. C. Irwin, formerly Professor H. S. Jacoby
assistant.

—_—-——

i BRITISH LOCOMOTIVE CONSTRUCTION.

' A mammoth new locomotive, 63 ft. 43 in. in length,
weighing 116 tons, has been constructed by the Londog and
North-Western Railway Company, and named “Sir Gilbert
Claughton,” in compliment to the chail.'man of the company.
Having given full satisfaction on its trial, the new engine is
regarded as the first of a practically new type of London and
North-Western locomotives. It is a four-cylinder engine, the
?Joiler is § ft. 2 in. in diameter and 14 ft. 6 in. long, and the
three great coupled wheels on either side have a diameter of
6 ft, 9 in.

e
The construction of the new engine is a sequel t© th {
interesting exchange of locomotives for trial purposes'whl at
was carried out between the North-Western and the f;re _
Western two years ago. The experiments were conti®” o
for a week, and the North-Western Company came % at
conclusion that the four-cylinder engine used by the Grch.'
Western was suitable to the requirements of the 'Nor;ne-
Western road. One of the first official duties of the €PE'0
will be to take the King on a visit to the London and R
Western works.
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WESTERN LIGNITE POSSIBILITIES.

Word comes from Manitoba that the experimental
station of the Provincial Government at Estevan for in-
vestigating the commercial possibilities of lignite coal
is now under construction. Professor Darling will be in
charge of the station, and it is expected to prove as tests
progress that the deposits of lignite coal of the Souris
valley have potential values for power purposes important
to the whole of the southern portion of the Province.

It is sincerely to be hoped that this experiment of
the governments will prove all that they could wish for
in the way of fuel possibilities. Water powers are neither
so frequently available nor powerful when found in the
comparatively level prairie provinces as in other parts of
the Dominion. Any absence of a2 plentiful and cheap
fuel supply will make industrial advancement still more
difficult.

Events seem to be steadily pointing to the practical
utilization in the middle west of lignite on a large scale.
For several years past the United States Government
has been carrying on tests of the fuel possibilities of
Dakota lignites, etc., and tests showed that while the
best coal produced .28 horse-power per hour under boiler,
lignite when operated as a producer gas produced . 30
horse-power per hour. It is difficult t¢ make use of lignite
profitably in its raw state, as the moisture amounts to
about 40 per cent., and it slakes and disentegrates into
small particles if allowed to weather for more than a few
months. Briquetting has been tried successfully as an im-
provement on the raw lignite, and, while it about doubles
the cost, the heating value is increased 50 per cent. and
the moisture reduced to 20 per cent.

It is well known that the railways operating in that
part of the middle west of the United States where
coal is expensive and beds of lignite close at hand have
been particularly active in investigating the commercial
practicability of lignite for their use, and have apparently
come to affirmative conclusions. With the aid of specially
designed spark-arresters the Chicago and Northwestern
in part use lignite, and the Oregon and Washington Rail-
road and Navigation Company have specially designed
locomotives of the Mikado type using it as ‘a fuel.

It is to be hoped from tests that the future service-
ability of the deposits in the Canadian West prove en-
couraging and give an added stimulus to the progress
of that great region.

——eae
ROAD DESIGN.

In all parts of the Dominion is heard the slogan of
good roads. Counties are adopting modern methods of
nighway construction, and cities and towns are vieing
with each other in their plans and preparations to out-do
rivals by abolishing unsightly streets. Governments, both
provincial and federal, are making appropriations of large
sums for road construction, and everywhere there is un-
precedented activity towards better highways.

It is a time to be wary. The basic principle of good
road construction has not changed since the days of
Macadam and Telfor, but, thanks to modern traffic
requirements, there has been the evolving and trial of
numerous types of road surface. Many of these have
well-known advantages for particular kinds of traffic, but
variety has brought us up against a varying design of
road surfaces that only an accurate knowledge of traffic
requirements can enable one to pass judgment upon
satisfactorily. ;

Canadian engineers should go carefully in their
design and specifications for road surface. There are

1
4
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large expenditures involved, and it will be cause for
great regret if in the enthusiasm and haste to build good
roads economical design is faulty due to a lack of proper
information on trafic requirements. In the design of
country roads especially, the engineer is likely to en-
counter difficulties, and should have an accurate traffic
census for reference. Fast automobile travel, heavy truck
traffic (both horse and machine), the use of narrow and
wide tires, all increase the problems, and have to be
considered and fullest information obtained on same, if
one is going to do himself justice. Almost of no less
importance must be the ability to foresee the traffic that
will take place after his design has been carried into
effect.

Prof. Blanchard, of Columbia, makes a definite
classification of the most essential information concerning
traffic; to be used in judging the suitability of a con-
structed road for the traffic upon it; considered as a
basis for future designs, and in deciding the character
of design to be adopted for a new road surface. In the
latter case estimates of future changes to be made.

“(1) Differentiation between horse-drawn vehicle
traffic and motor car traffic.

““(2) Division of each of these classes of traffic into
pleasure and commercial traffic.

““(3) Subdivision of commercial traffic into loaded
and unloaded vehicles.

“(4) Determination of the weight per linear inch
of width of tire of all types of commercial traffic.

“(5) Subdivision of the two classes of horse-drawn
vehicle traffic, dependent upon the number of horses.

““(6) Subdivision of pleasure motor car traffic upon
the basis of weight and speed, since, in many instances,
the greatest damage to certain types of roads is caused

by seven-seat touring cars, limousines or landaulets,

travelling at speeds of 4o to 6o miles an hour.

‘“(v) Extraordinary character of local traffic; for
example, traction engines hauling trailers, motor bus
traffic, ice wagons, milk drays, etc.’”

These points are further brought out by observation,
as, for instance, the sharp calkes on horses’ feet in winter
often rapidly deteriorate what under other circumstances
would be a perfectly serviceable road. They bear out the
well-known truth that the amount and character of traffic
are of the utmost importance to the life of the road.
Accurate traffic data should be taken, both for the con-
struction design and after building for purposes of refer-
ence and repair. It does not appear to be as thoroughly
carried out as the importance warrants, and it is to be
hoped the coming summer will see much useful data col-
lected not only for present benefit but future usefulness.

—_— -

SPRING FLOODS.

The past week has witnessed the occurrence of the
most disastrous floods in the history of the United States.
A combination of heavy spring rains and previously
swollen rivers was the cause, and there is a regrettably
long list of dead as the result. Ohio and Indiana have
been the chief sufferers, and Dayton City, of the former
State, a city of considerable manufacturing importance,
was cut off from communication for days, and in great
part entirely submerged by the Miami River. Events are
too fresh in the reader’s mind and were too fully published
in the daily press to need description here, suffice that
several tributary streams meet in the Miami River just
above the city, and the confluence of their swollen waters,
together with a broken dam, appear to have been the

Volume 24.

cause of the destruction. Throughout the above men-
tioned States record flood levels have been attained BY
many of the streams, and the destruction wrought am
the number drowned is astonishing.

Such a catastrophe is horrible to consider, and, W¢
believe, unnecessary of occurrence. Every spring we see
damaging floods in the United States to the extent of
millions of dollars worth of property. Some of that money
spent in preventive measures would go a considerably
long way towards controlling the floods, and should cer-
tainly be used to prevent an outrageous loss of life, suc
as in the present occurrence. Given the opportunity ar
money, and engineering ability can collect data and devis®
means to greatly control floods. 1f it is beyond finance
and practicability to control them, engineers can at least
point out the danger zones, and people should be for=
bidden to reside within them.

The deforesting that has taken place in the ﬁ?od
area is, without doubt, in a great measure resp0n51ble
for the exceptional flood conditions, and makes it very
plain that the United States Government will have to d°
something to offset the lessening of nature’s storag®
reservoirs. i

Canadian flood problems are small in compﬁll.q?on
with our neighbors to the south, and, thanks to prov1510n
of nature, are likely to remain so. The Great Lakes
acting as storage reservoirs, rapidly drain and make a1y
disastrous floods in the settled portions of Cntario m;'
possible. Further back in the Laurentian Hills, evefig
deforested, numerous lakes would make storageé pro
visions, with the help of dams, comparatively easy- he
prairie provinces having been always comparatively bar
of forests are not likely to incur any great increase
the flood heights to which they are accustomed. i

Our general topography and lake systems leave 'ltlh
without such gigantic flood problems to struggle wi
as has the United States in the Mississippi Valley o
its tributaries. Nevertheless, there are valuable lesso®!
to be learned from a study of the recent ca'castr(_)Pt.le If
Dayton, and, no doubt, our government will avail 1t
of the opportunity.

— >

TELEPHONIC TRAIN CONTROL IN ENGLAND'
The first train-controlled system by means of the tele”
phone in England has just been installed on one of
railways in Wales. The following description of the syste™
recently appeared in a London journal:— e
As the result of the installation of a system of te
phones in all signal cabins, junctions, and stations on t
line, the whole of the train working can be completely aie
directly controlled from the head office at Cardift. the
train controller in the general office can, by means o i
telephone at the different points, know precisely the movst
ments of all the trains, and is able to divert a train 2
at a moment’s notice. +oml
It is believed that as a result of the new installf"no
much time will be saved, and consequently that there .W‘n .
quicker dispatch. Tt is anticipated that the new servic®
prove not only useful to the railway company, but also e
the large number of collieries which are on the railway sye
tem and whose output forms such a large proportion °
traffic. By the telephone $ystem as many as 45 station®
be connected to one pair of trunk wires, any one statio? P
which may be rung up by the train controller without 5o

h ‘ eaf

ing the bell at any other station, and the controller ¢37 M

the bell ringing at the station called. On the other haﬂg’
run

necessary, all of the stations on the system may be
at the same moment. g
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EXPERIMENTS ON FLOW OF WATER OVER
MODEL DAMS.

A serieg of experiments to determine the flow of water,
Under Joy heads, over four models of dams was undertaken
at the hydraulic laboratory of Purdue University as the
i:guatipn thesis of Messrs. Lane and Kemmerer: T.he in-

8ation was carried out under the general direction of

PR R, L. Sackett, who reported the results in a paper
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ft, lc')rhe model dams were placed in a concrete channel 100
iy o853 ft. wide, by 35 ft. deep. The length of crest was
€ase the width of the channel. Discharges were
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to the variety of sections and heads heretofore experimented
with,

The first model was a flat crested weir 0.08 ft. wide and
2.38 ft. high. This is about the width of No. 47 of the U.S.
Geological Survey experiments and between models No. 2
and No. 113 of Bazin’s work. Results were plotted for
Bazin’s dam, 1,315 ft. wide, the U.S. Geological Survey
dam, o0.927 ft. wide and the Purdue model No. 1 with a
crest of 0.98 ft. wide. The form of the surface curve also
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Surface Curves and Coefficients, Models 3 and 4.

was plotted from data taken on the checker-boarded vertical
side-walls of the channel.

The second model was the same as the U.S. Geological
Survey No. 40, except that the height was 11.25 ft. in the
latter and 2.27 ft. in the Purdue model. The results in both
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189 . 8'Ven in Bulletin 200, and by Rafter and Williams
Were compared and models selected which would add

Coefficient E '
in Xponential Per cent
Head Q =CLH ormula ifference-
.211 2.71 —1.5
264 2.64 +0.8
331 2.64 +1.0
i385 2.66 0.5
35 2.65 Q=2.67 LH1-% 10.7
447 2.63 +1.4
497 2.68 —0.1
.548 2.69 206
212 2.56 —310
.261 2.60 £20:6
2313 2.65 +1.7
.ggg g;s +0.8
; .71 =3.42LHn i
424 2.82 & i I f’g
462 2.97 —20
.518 3.03 —1.6
.568 3.10 ~23
074 3.01 —
114 2.91 -%Ig
177 2.98 +0.9
.238 3.09 +1.3
.297 3.18 Q= 3.81 LH1.es +1.7
.341 3.30 +0.2
.415 3.38 +0.2
474 3.50 —1.8
.539 3.54 ~0.7
096 2.82 ’
.168 3.01 +3.5
.209 3.07 0.0
246 3.18 —21
.305 3.20 —0.3
.339 3.22 Q=3.58 LH1-®0 +0.2
.364 3.23 +0.1
.388 3.24 +0.4
.448 3.38 —2.3
.452 3.31 =201
557 3.34 +1.4

cases were plotted, and it is believed by Prof. Sackett that
at low heads the data are of some value. The surface curves
were plotted for three heads.

The effect of the partial vacuum formed below models
1 and 2 was very noticeable on the surface curve, but com-
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parative data with and without the vacuum were not taken.
The results are with the nappe aerated—a fact which it is
necessary to consider when comparisons are made.

Model 3 is similar in section to the hollow, buttressed
type of concrete dam and model 4 is the same, with the slop-
ing approach omitted. Model 4 is a small scale reproduc-
tion of the Yakima dam, and the surface over which the wa-
ter rubbed was formed of cement mortar and closely resem-
bled the troweled finish of concrete. It is similar in form
to type L, page 73, of Williams and Hazen’s Hydraulic
Tables.

-
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Discharge Curves, Models 3 and 4.

The coefficients for models 3 and 4 are mearly the same
for heads of o.1 and 0.3 ft., indicating that for such low
heads the upstream slope has little effect on the coefficient.
As the head increases the curve is a straight line for model
3, and curved for model 4, showing the effect of the sharp
corner within the limits of the heads used.

The curves show the observed head on the crest and the
coefficient C in the formula, Q=CLH?,.

The table shows also the constants C, and n in the
formula Q= C,LHn, where H is the observed head plus the
velocity head.

— e weo—

CONCRETE AND STEEL.

Building regulations of Greater New York require that

in reinforced concrete the stresses in the concrete and steel
shall not exceed the following limits :—

‘ Per sq. in.
Extreme fibre stress on concrete in compression . 650 lbs.
Concrete in direct compression ...... VAl T 500 1bs.
Shearing stress in concrete when all diagonal ten-
sion is resisted by steel ....... S LR BT her 150 lbs.
Shearing stress in concrete when diagonal tension
is not resisted by steel ............. ikt 40 TDS)
Bond stress between concrete and reinforcing bars 8o lbs.
Tensile stress in steel reinforcement...... v ias + 01050007108}

Tensile stress in cold drawn steel wire used as
column hOODPING ...evesvravsianocaansashess.20,0001b8:

In continuous beams the extreme fibre stress on concrete
in compression may be increased 15 per cent. adjacent to
supports. g
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EXPLOSIVES.

By J. K. Moore.*

In nearly all kinds of construction work carried on by
engineers, blasting and the use of explosives play a more OF
less important part. With the arrival of spring and the start
of active comstruction, it would not be out of place to discuss
different types of explosives, their most efficient use and de-
tails of the proper handling of same. Nearly all accidents
occurring from explosives are through negligence or from
ignorance, foolhardiness or carelessnass, and it behoves all
workers with same to be thoroughly posted on the subject:

Some high explosives have a powerful action over 2
small area, being instantaneous in combustion. Others not
so powerful, but shake up a large mass. One will smash
rocks to pieces, rendering them useless for building PpUr”
poses, but suitable for loading for a steam shovel. Others
just the opposite, explosion being prolonged and the action
more of a push than a direct blow, thus leaving the rock al-
most free from fracture and suitable for dimension stones
etc:

You therefore see that all have their uses and should be
used in their right places in order to get the best results.

If the rock is hard and solid and not wanted for build-
ing purposes, use a high explosive; it will do the work. But
if the rock is for building purposes, or even macadam, Us€
a milder quality; you will have the better results and gf"t
your stones almost free from powder flaws. If the rock 15
soft or medium, you will find a high explosive is too locah
so you must use the third or lower grade of dynamite, 40 per
cent., or if the rock is for building purposes you must us®
a still milder quality, such as black powder.

Mistakes are often made in regard to producing rock
for macadam. If the rock is hard and flinty a high explo-
sive breaks it into pieces like spallings, full of flaws, and the
additional fracturing, after having been:broken bv a stoné
breaking machine, renders it unfit for heavy trafic becat$
it grinds down too quickly. But if a milder explosive _’
used, the fracturing is reduced to a minimum ana B® il
of the macadam prolonged, in some cases, about four times:

I have seen this experiment tried with the two explo-
sives, put through the same stone napping machine at differ”
ent points where the traffic was almost equal, rolled in by i
steam roller, dressed with half-inch chippings and sand from
the same rock and finally rolled with water and well brus®®
ed, so as to produce a good surface.

The one produced with the low or mild explosive
just three times the one produced by the high explosive _0
dynamite, and as one road surveyor put it, was almost 1

lasted

machine broken metal and hand broken metal in O™
parison, - !
Drilling.—To prepare rocks for the explosives, drilling

has to be done. - There are various ways by hand, stea
compressed air, etc.

There are several methods of hand drilling, the aug®
or rotary drill for soft rock and coal, the hammer or jum¥ il
drill and the churn drill. The last two are more Suitable
for our purpose, where drilling is light, and as a rule W
keep out of rock as much as possible in laying out 2 o

The hammer or jumper drill is familiar to us ull S
it is maintained by many that one man can drill a hole

i e
a depth of three feet cheaper than three can do, by using teh
hammer in one hand and turning the drill with the Otj.ltbe )

When the hole is well entered, a splasher is used 0P

*Road Superintendent, Cariboo and . Lillooet DiS“ict’S" v
BiC: o 1O
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dril] apg water is poured in the hole. The water  makes
drillin-g easier, as it keeps the bit of the drill cool and moist-
€ns the drillings, which, when dry, cushion the blow, there-
Y reducing the striking force on the rock. When the drill-
Ings get basty and stick to the drill, more water is used, and
S0 on, untj] cleaning is required. Cleaning is done with a
Cleaner, which has a spoon button on one end and an eye on

© other, The eye is used to dry out the hole by using cot-
?on’ hay or other material. Amother way to clean the hole
1S by Using a loose clack or single-hinged wvalve, circle
Pump, The clack, or hinged valve, is inside the pump on
the bottom end, and as you put it down the drill hole, on
“oming jn contact with the drillings, the valve raises and
fillg the bump, and as you raise it again, the valve closes
amd You empty it, and so on.

B Unito ten or twelve feet the hammer drill does well, but
:fzer that it becomes slow, the drill being heavy to handle,
- S0 that it would be better to use a churn from there up
® about twenty feet,

SPringing.—Having the holes drilled and ready for the
kﬁi"&, we must proceed. Every miner and powderman
‘Cha:,s the benefit of having as much as possible of the

8¢ at the bottom of the drill hole, also the advantage
cha:pringing the holes several times to make room for.the
& sf‘e at the bottom. The downward force of exp%oswes
5 di ™Plising and the result for those who practice springing

P holes, of chambering, is marvelous.
Mor Pringing of rock is to open up the joints at the bottom
sz than to make a pot hole so as to get the charge well
loy;. | Bave seen holes sprung about four times in the fol-
Wllng way :
abou‘: line of six holes were drilled about twenty feet deep,
twely, tfe"fl feet back from the face of the quarry and about
r ‘et apart. The rock was igneous, blue whlx_lstone
iCegra'mt‘e, and about thirty feet deep, so that you will no-
th? holes were about two-thirds the depth of the rock.
theeI:’ldth of the first drill was two and three-quarters and

St about two inches.

B i hilling, the dill, sticks . x joint, steetibips
B 109 used 1o 1l the joint,, T have found:this excellent
laboy

g saving, as a troublesome hole is a nuisance.
Caygq e SPringing was done with black powder, glazed, be-
ang the rock was for making building stones, kerb stones
S The holes were sprung separately and about ten
b o USed first time in each, with no tamping and'ﬁ.red
ereattery' This was more to find out how firm the joints
“thy at the bottom. The second charg:e was al':\out double
: timue:m OU‘Ft which opened the joints a little. ’Ijhls was ;o?-
Chay until the joints were wide enough to Tecelve the w ;)e
an ; One was a little large and was taking more pow lc:r
°01111elt -Shou]d- so a little water or oil was used to makeht e
the Wichom 800d between the charge and the bore hole w enf
rymenr‘f fuse was. This is a common custom amongst quar
Us ' these building stone quarries where gunp_owder 1;
ydur’ but should only be used if you cannot otherwise catc
‘Powder with the fuses,

ang he totq charge was about 350 pounds of gu:?pow(;ii:f
bla, € Tesult was first class, nearly 3,ooo.tons being o
dyngp,: If this had been in ordinary excavation, 40 pe6r c e;
Ceng Mite woylg have dome to spring the holes, and 60 P
' “Yhamite for the main charge.
byt ehamb"'"&—l have also placed charges in cham?e;:,
ey Were small, because the amount of work was llgh.
f-(lr‘me °T, there are several ways of running thfem, in itht:
ang 4 2 “T” or a “Y,” etc., the main tunnel being stra’Ighe
bray, . length in accordance with the work to be dor'me. W
In lo °S are where the powder is stored. The mau_lld -
Ading these chambers is to exclude the air, bul

explosive up as closely as you can, and after you have put
in your primers (two at least should be used) and wires,
the chambers should be built up solid with cement and stone
or brick—as explosives will follow up the line of least re-
sistance in mearly €very case—then fire as any other shot.
The result is fine'if everything is well judged, but in rock
for macadam or building purposes, unless the mine is small
and the output large, it is not so good for the stone, because
rock, as you will know, does mot work so well after it has
been exposed for a time to the weather, as it gets dry and
the matural moisture, or life, in the rock gets burned out and
a man can not produce as many building stones, nor a ma-
chine as much macadam. Amnd, again, if practised near a
roadway it is liable to close the road to traffic for some time,
Yet, for railroad contractors, mine-owners, etc., it is very
satisfactory and cheap,.

The difference in explosive properties are—dynamite is
instantaneous and powerful over a small area; Judson
powder is progressive and not so powerful as dynamite ;
Black powder is slow and progressive by combustion, but
about half the power of Judson powder.

Dynamite and Judson powder can mot be exploded the
same as Black powder, by a spark, but requires force or
shock, like a blow from 2a sledge, so a detonator or cap has
to be used. The same method has to be used for exploding
all nitro-glycerine compounds,

Care must be exercised in the selection of detonators
or caps. The stronger the caps the better, and the more cer-
tain of entire explosion,

Testing Dynamite.—If dynamite is hard and resists
yvielding to the pressure of the fingers, it is frozen. It should
not feel greasy, nor should there be a trace of nitro-glycer-
ine on the wrapping paper.

In order to find out whether dynamite leaks or not,
place it on clean paper and leave it in a room to dry in
about 6o degrees Fahrenheit and leave it for about eighteen
hours. ' If, on examination, there is any oily discoloration
on the paper the dynamite has leaked. The best quality of
dynamite should mot do this. Fusing and thawing several
times tends to leakiness, therefore it should be avoided.
Again, on examination, if the dynamite has a whitish crust
it is no longer safe, because the whiteness means dampness,
and the nitrate of soda has leaked out. If it shows green-
ish spots, it shows that the nitro-glycerine has started to
decay and it is therefore very unsafe.

Dynamite freezes more easily than water. It is the nitro-
glycerine that freezes at from 42 to 46 degrees Fahrenheit,
according to the character of the material in it. When
frozen it is hard and can mot be loaded very easily into drill
holes, nor is it very easily exploded. Yet it has been proved
that dynamite can be exploded when frozen, but it takes
greater detonation, and some engineers say it has been
proven to be more powerful when complete explosion takes
place, but it is not advisable to try it and any one doing so
is running a great risk.

Thawing Dynamite.—Dynamite must be thawed. In
doing so a large proportion of accidents from explosives
happen.

The following is a list of what should not be done to
ensure safety of powderman and men working with him.
Many of the following being done through ignorance, and
a list of the same should be copied out and distributed, one
to each foreman, and the powderman failing to follow these

‘ rules should be instantly dismissed or given other work.

1. Never allow dynamite to be placed in front of a fire

to thaw,
2. Never allow dynamite to be placed on a stove or

. heated metal,
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3. Never allow dynamite to be placed on hot stones or
gravel, or sand.

4. Never allow dynamite to be placed near glass of
any kind in direct sun’s rays.

5. Never allow dynamite to be placed in a tin and
thawed over a candle.

6. Never allow dynamite to be placed on end round a
lamp or candle.

7. Never allow dynamite to be dipped in hot water to
thaw it.

8. Never allow dynamite to be carried in men’s pockets
or breasts to thaw it.

0. Never allow dynamite to be placed in a blacksmith’s
hearth in the ashes.

10. Never allow dynamite to be placed on a shovel and
held over a fire.

11. Never allow dynamite to be placed around or on a
boiler.

12. Never allow dynamite to be placed around or on an
electric globe.

13. Never allow your men to slit dynamite open with
a knife when frozen.

14. Never allow dynamite to be thawed in a can or
metal pot surrounded by a water jacket if the water is in any
way connected with fire, mor rubbing it in the hands to
hasten thawing.

No. 7.—Thawing in water is an 'exceptionally danger-

ous form, because the water becomes highly explosive from
leakage and has been known to cause serious accidents.

No. 14 has caused many fatal accidents through the dy-
namite becoming overheated and the nitro-glycerine drop-
ping on the hot metal.

Nos. 1, 3, 5, 6 and 7 are very common ways used for
thawing dynamite amongst powdermen in this country, and
even if you have been lucky enough not to have had am ac-
cident therefrom, that does mot reduce the danger any.

There is only one perfectly safe way to thaw dynamite,
and that is to put in a warm room at summer heat, covered
up and kept as dark as possible, away from the direct sun’s
rays and allowed to thaw out.

There are two other comparatively safe methods. Ome
is in fresh horse manure in a box built for the purpose, and
the other, in a can or metal pot surrounded by a water
jacket. In this latter case remember warning No. 14.

The very best way is to never allow it to freeze, if you
can do so by placing it in a frost-proof magazine.

Familiarity breeds contempt even for dynamite, by
some, and as dynamite can be alight and burn wup under
certain conditions, adds in a degree, to the careless handling
of it.

Primers and Loading.—Warning—In loading dynamite
in drill holes, etc., never use amnything but wooden or cop-
per rammers, wood is preferable. Never allow anyone to
help you who is smoking, and do not smoke yourselt. Never
let the sticks of dynamite drop heavily down a deep drill
hole, mor force it into too small a hole or aperture, nor strike
hard when ramming it into place. Caps are set off by a
spark from the fuses and they explode the dynamite. Never
allow caps to he lying around you while loading, nor carry
them in your pocket, as you are apt to drop and explode one.
Also, never allow nitro-glycerine to get on the hands, as it
is easily absorbed and causes bad headaches.

The best method to loan a hole or place a charge, is,
slit the cartridge on two sides, let the contents slip down
gently, then take your rammer and press it gently to place.
Then take a second cartridge and repeat the above, and so
on, until you are'ready for the primer.

In making primers, use the best quality of detonators,
or caps, and first quality safety fuses. Take the cap and
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see that there is no sawdust left on it, then take the fuses
cut off the end and see that the powder is exposed and dry»
then enter it in the cap and press it up to the fulminate. Be
sure this is done because shots often miss-fire through the
fuse failing to set off the cap. If the fuse is larger than the
cap, scrape it down to fit, only do not open the cap, "l.‘en
press or clamp the upper end of the cap to the fuse, beind
careful not to disturb the fulminate in the cap. Never clam?
the cap on to the fuse with your teeth or fingers, but use
nippers or pincers, a tool made for the purpose, which cut$
the fuse and clamps the cap to the fuse. i

If you are working in wet ground or rock, use lots .
grease Or soft soap around the joint you have thus ma
and see that your fuse is waterproof. Double or tape gutt¥
percha fuse is the safest in water. After the cap and d
are ready, take a cartridge of dynamite, open one end 22
make a little hole with a pointed stick, then insert the ca?
and fuse and gather the end of the cartridge paper -aro%®
the fuse and tie with a piece of cotton. If in water, greas?
the joint well, as previously mentioned, then place with t
charge, placing one or two more cartridges on top.

Then tamp with fine clay or sand, putting in a little 2
a time, and at first pressing lightly. Be careful not t0 chec
the fuse or draw it away from the charge, and do 1Ot 4
anything but a wooden or copper tamper or rammer.

Use lots of stemming or tamping, a.lways be on the_ sal?
side in a final charge, then cut off the part of the coil
fuse not wanted and place it on one side. Be sure you hats
sufficient fuse to allow everyone to get away. Accide®
often happen through neglecting this point, and, afters &
one foot of fuse does not cost very much. '

Signals for Firing.—After everything is ready, clea’
away all your remaining explosives and tools to a safe pl
and on return, shout ‘“fire” or give other warning-
when you see that every one has laid his tools safely ¢
side, give a second warning and split the end of your
and before lighting, see that every one has gone, then
the fuse, give a third and final warning, and take S
yourself. )

0 Oﬂc
fuser
light

helte?

Sk X m
Never use water for drinking purposes coming ﬁo-t

rock or ground you have recently used dynamite it 3’; @
will cause sickness and headache. If several shots ba’

be set off at one time, use wind-proof fuse matches oere
spitter, and, if matches, never allow one man to set © i ge
than two or three shots. If more than that he shoul l.whg
a helper to light them, and remember, a flame will not 1if
a fuse, it must be a spark. .,
To make a spitter, or touch, take about twelve o 3

teen inches of fuse, cut into the powder every one
half to two inches, then light, provided everything ’S.tezhe
and the warnings sounded, and hold it to each fu.se - o1
shots. It will readily light, but I would mot advisé of
than four or five shots. to each man. In the Smalleszwnt
shots be careful of your fuse and see that you leave suff o
length to give you time to get away. I would mot ¥ g
mend less than twelve or fifteen inches even if the fubs,
been tested as to time.
Black Powder.—In charging holes with black olh
mever use an irom rammer, always use wood OF .co
Never allow fire of any kind near the charge, and T yse
always use a zinc or copper can, or flask to carry it e the
a zinc or copper filler when charging the hole, a0 t0
hole is horizontal, or has an upward tendency and
load, use a copper tube made for the purpose.
is too heavy, you may have to make a cartridge
the amount of explosive required, with a fuse inserté®
right or vertical holes are rarely used in road work:

(To be continued).
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THEORY AND PRACTICE OF STADIA
SURVEYING.

By J. A. MacDonaid.

.The credit of having first introduced this method of sur-
Yeying into America belongs to Mr. John R. Mayer, a kKrench-
WiSs., It was used by him as early as 1850; and
SubseQUGHtly during his comnection with the United States
ke Survey, he did much towards perfecting the instrument
hd Improving the methods of work. An essay by him in
the Journag Framklin Institute for January, 1865, contains a
short historical sketch of the development of topographical
Surveying and brief discussion of the general principles of

Stadia measurements.

The many advantages of stadia measurements in sur-
1€ meed not be dwelt upon, both because attention has
cen fepeatedly called to them, and because they are self-
€0t to every engineer, so far that all instrument-makers
1OW take especial precaution in fitting the telescopes of all
8ood transits with carefully adjusted stadia hairs This pa-
Per wil] therefore dwell on the theory and practice with a
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line, called a secondary axis, connecting the point with its
image passes through the centre of the lens, and the point
of intersection is called the optical centre. From this it fol-
lows that lines drawn from the stadia wires, through the cen-
tre of the object glass, will intersect the rod at points corre-
sponding to those which the wires cut on the image of the
rod (Fig. 1). On these underlying principles are based the
law of stadia measurements.

Fig. 1 represents a telescope which inserts the object.
In the figure the highest and lowest points of the road are
intercepted by the stadia wires, are alone considered. The
upper and lower rays shown, proceeding from the rod in
meeting the object glass, O, form a cone. The longitudinal
section appears only in the figure (Fig. 2). It will be seen
that these rays, after passing through the object glass, cross
one another and thus form, at B, an inverted image of the
rod. The rays forming this image continue onward and pass
through the two lenses C and D, which act like one magni-

Budz 1 3 A SRSl ol e
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Fig. 1.
View of €ncouraging the use of this simple, rapid and wonder- fying glass, so that the rays, after being reflected by them,
fully ac enter the eye at such angles as to form there a magnified and

Curate method of surveying in a larger degree tham

si?shbe?n' Tests of correctness of stadia readings witha traz_l-

1 AVing fixed stadia hairs not properly aajusted to the unit
> 138 prompted the following article.

th The Transit Telescope.—We find that according to
€ laws of optical science, an image, of any object to

Whi . S

tul;’lch the telescope may be directed, is formed thhm the

Do:’ and there magnified by an eyeglass or eye pieces com-
e

ey °f_ several lenses. Any object is {endefed vi51ble. by
tiomry Point of it sending forth rays of light in_every direc-
ey, Ose rays of light coming from the object are 1')ent
& through the object glass. It is the law of light
0 move in 2 straight line when not obstructed. The

Passip
Tayg

inverted image of the rod K. Fig. 2 represents a telescope
which shows objects erect.
It will be seen that an inverted image of the arrow A is form-
ed at B, as before, but the rays continuing onward are so re-
fracted in passing through the lens, C, as to again cross,
and after further refraction by the lenses D and E to form,
at F, an erect image which is magnified by the lens G.

That shown, Fig. 1, which shows the object inverted, is
preferred for stadia work. The erecting eye pieces absorb
light and lessen the distinctness of vision, A little practice
accustoms the observer to seeing his rod man standing on
his head, without becoming alarmed, and to motion him to

s ey

Fig. 2.

b

teSt SXPosition of the relation of light to image is shown by -
°bsts°{2%lled pin-hole camera. There being no lens, _thene ;s no
iy Tuction o the rays of light coming fr.om the object p ot;);
B the > and passing through the tiny pin-hole of the came e
n erefore free from distortion, and are perfectly plct'ures
Is ¢ ee‘ €gative, in an invented posi'tion, of course. lJust Z
as 4 ™age passing through the object glass of a te escl;)fn:
dred € rays of light intercepting one fo'ot on a rod, otr;le i
Ject €t from the telescope, and passing through de et
So neg 4SS to the cross-hairs, are so nearly p'ara¥le1, an lc1 .
Bie. " %0 each other thai they are almost in line f’f cole;
I"01- SCarCely unaffected by the convexity of the o’thlzct ifaas;
obje’c‘ Y 2 principle of optics, the rays from any point o
®nverge to a focus at such a position that a straig

the right when he wishes him to g0 to the left ‘and vice
versa. What makes it difficult to understand the principles
of stadia measurements is that the image of the rod, or any
object, is not seen at the vertical position of the cross hairs
at all; for the image of the cross hairs (and the rod inter-
cepted by them) is optically projected beyond the objective
to the extent of the focal length of the latter. The image of
the cross hairs, at B, Fig. 1, is optically projected at A. The
rays converge at that point, and measurements must natur-
ally be taken from there.

The Reduction of Stadia Notes.—For stadia measure-
ments with inclined sights two methods of procedure are in
use. One to hold the rod at right angles to the line of sight,
the other to hold it vertical. With the first method it will be

Its eye pieces has four lenses. -

R

e
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seen by referring to Fig. 3 that the distance rod is mot to the
foot of the rod E, but to a point F' vertically undér the point
F, cut by the centre wire. A curveline has therefore to be
made for this. An objection to this method is the difficulty
of holding the rod at the same time in a vertical plane and
inclined at an angle proportionate to the angle of elevation
of the telescope. The method adopted usually is the oblique
view of the rod:

Obligue View of the Rod, Investigated Trignometrically.
Fic. 4 a = distance of stadia wires apart.

f = principal focus of telescope.

-

- — K! = constant, and generally made equal to 100.
A B = K the reading in the rod.
M F = d the inclined distance =(f + ¢) + GF = (f + c)
+ K!C D.
M P = D, the horizontal distance, d cos. n.
F P = Q = the vertical distance, D tan n.

AGB =2 m
Vertical angle = n
Then :—
AF Sin m
GF Sin [90° + (n-m)]
or

1
AF=GFSnm ————
Cos (n - m)
and
B F Sin m

GF Sin[90°—(n+m)]

1
BE ="GF' "Sn®wm ———————
Cos (n + m)
1

1
Cos (n + m) )

or

.*. AF + BF =GFSinm(

Cos (n - m)
CD. ) CD Cos m
AF '+ BF = K,,andGF = — —m = ————
2 tan m 2 Sin m

By substituting, and advancing to common denominator.

CD Cosm]|[ Cos (n + m)+ Cos (n - m)]
K = —
2 Cos (n + m) Cos ( n — m)

Reducing this :
Cos?n Cos?m - Sin? n Sin? m

Ch'= K
Cos n Cos? m
asd = MF = (f + ¢) + K!CD
Cos?2n Cos?m — Sin?n Sin? m

Mod = (f +7c) 4+ KVK
Cosn Cos?m
The horizontal distance D = d Cos n.
*“D=(f+c)Cosn+ KK Cos?n-K2?2KSin?n tan? m,
This third number of the equation may safely be neglected, as
it is very small even for long distances, and large angles of elevation.
At 1500 feet with angle n equalling 45 degrees, it is but 0.07":
Sin? n
Therefore, K! K Sin2? n tan? m = AB
Cos n
imately and the final formula for distances with a stadia rod kept
vertical and with wires equidistant from the centre wire, is the

tan? m=O approx-

following D = (f + c) Cos n + K! K Cos? n (1)
and the vertical distance 2 = D tan n.
Q = (f + ¢) Sinn + K! K Cos n Sin n
Sin? n
=(f + c)Sinn + K' K - (2)
2
When K! = _f. focal distances, divided by distances apart of

a
stadia hairs, and K =distance interrupted by stadia hairsin the rod.

By the above formula (1) and (2) both the hori-
zontal and vertical distances can be immediately calcu-
lated when the reading from a vertical rod, and the angle of
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elevation of any sights are given. Tables, however, pl’o‘”de
this data, saving the tedious calculations.
Sevetd

As regards the addition of the constant (f). /
suppositionary opinions have been advanced on the subjech
each of the following having its advocates:—The comm?
apex or point of comvergency—principal focus—of the rays
of light forming the two similar triangles, is:—The cé®
of the instrument; the stadia hairs; and the front face b
the objective; none of which are really correct. The poid
towards which the rays of light converge when they emanat®
from a point at a distance from the lens vary according
that distance. i

When the rays proceed from a point so distant that the{
may be considered parallel rays, they are refracted and
verge to a point in the axis of the lens called the focus g"
the principal focus, at a certain distance from the lens ca
the focal length of the lems, this distance depending e
the radii of curvature of the surfaces of the lens. IB %
figure the reason why the image is formed at distanceé
front of the object glass is because the image of the 108
hairs is optically projected beyond the objective to the
tent of the focal length of the latter. The rays converg® .
that point, and the measurement must be taken from ¢
Therefore, in order to obtain accurate results a constﬂ”‘
must be added to the reading from that point. The const?®

2
is equal to the focal length of the objective plus the dista:‘z
from the object to the centre of the instrument; s€
when the rod is always held vertical. But owing %, cer”
oblique view of the rod, it is evident that the sPac® ~“iye
cepted by the cross-hairs on the rod varies, not only W
distance, but also with the angle of inclination of the
In order, therefore, to obtain the true distance fro™ st
to station and its vertical and horizontal components, #
pection must be made for this oblique view of the T0¢ B
Page 17—The conclusions, therefore, are that as thr? -
the focal changes with distance (however slight) t0 'fhethat
tent of .0052 ft. from 100 to 500 feet sights, it is P74
hairs adjusted at a distance of. 100 feet will read ‘correc
tance at 500 feet, to the limit of (.0o52—a). This woY errﬂ"
somewhere like three inches. Not very much of 232 Ay if
yet a meedless one, and an error which may be part!
not wholly overcome by adopting a constant for eac e
ticular instrument, and not making the rule apply a-dgﬂk, s
strument by measuring. Each instrument has an ind¥? P
ity of its own, and must be adjusted by actual trial, 2 pais®
making these adjustments, that is, adjusting the stadia . 3
at a mean distance, not at 100 feet, mor yet 500 feets enC?
mean distance between these, say at 300 feet, the 43 4
of focal length is thus reduced one-half, or, for a2
telescope of 30 magnifying power, the change in f0C%° " be
at from 100 to 300 would be but .0027 ft., so that 1 feet 0
possible to read all lengths of sights, from 100 t0 509 en;ﬂt
an almost perfect degree of exactness. This is reﬁit
indeed, that, on rough ground, no chain measure®® onc®
approach, if on level ground in a series of distances:

Fig. 3.
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the instrument is thus correctly fitted with fixed hairs, this
Tefinement may be relied on, by always observing carefully
and accurately.

COuntry that will not permit a plane table; for coal drop line
Surveys, preliminary railway locations; for land surveys.

The Transit.—The instrument best suited for stadia
SUrveying is an accurate transit with full vertical circle rigid-
1}'. attached to the axis of the telescope and graduated to
Minutes from o deg. to 9o deg. in both directions. It should

€ Provided with two double verniers attached to the hori-
Zonta] vernjer arm, the zeros of the two verniers being in a
h°ri20ntal plane when the instrument is levelled up.

The horizontal limb should read also to minutes, there
& 1o advantage in a reading of 30 sec. as the reduction
tables, usually, do not reduce seconds. The graduations
$0ould number from o deg. to 360 deg. The graduations for
fhﬁ heedle should also be numbered from o deg. to 360 deg.,
'R Opposite direction to the horizontal limb, and mot be di‘{id-
Up in quadrants. This is important because in taking
topography, for example, on either side of a railway line,
the magnetic reading will approximately correspond with the
Orizonta] vernier readings, and the needle only may be
ead which will greatly accelerate the work in hand. For
Very accurate work it is recommended to have a level attach-
€d to the vernier arm of the vertical circle. It will be_fOund
Vef-y Convenient and jprobably more precise, than having to
bring the telescope level to zero.
As between fixed or adjustable stadia hairs, it is imgla-
al so long as the rod reading is correct. Fixed. hairs,
OWever, are preferred for stadia work on the ground that
SITors due to variation of the wire interval are avoided, and a
better focusing of the eye-piece.
An inverting telescope is to be preferred as it gives a
er field and a more sharply defined image. The eye-
Dle‘,:e’ known as the ‘““Ramsden’’ eye-piece, and is termed a
Positive eye-piece, consisting of two plano-convex lenses, the
cO0Vex-cut faces of which are turned toward each other. It
'S calleq an “inverting”’ eye-piece, but is not really so, as 1t
1§ the object glass that inverts the image of the Objef:t ARy
* and the eye-piece picks up the image in its inverted
Position, To get an equal clearness of vision with an “efect-
b €ye-piece as with a Ramsden, or “inverting’’ eye-piece,
4 c("'rresponding]y larger object glass must be used.

Stadia Rods.—For stadia work a self-reading rod is to
) i: preferred, though for sights of 500 to 1,000 feet a target
necessary- It is quite impossible to read a rod accurately
‘:iflj°°° feet that has no target, even with a telescopl;a. m;lg‘:
& Ying 36 to 40 diameters. With a good target {’Od this dis
1 0ce can be read, in an ordinary atmosphere, quite accurate-
CO But a5 distances of ome to five hundred'feet_ are mos;
mn:mn a self-reading rod, divided into units, 1s !)est”an
t:ndles't- As good a stadia rod as any is the ‘flexible,” or
taDe Tods tacked on to a light board twelve feet long. Thes;
w::s are made of prepared canvass, are strong af:l_
& ther Proof, and are convenient to carry. They are man
*tured by Keufell and Esser, New York. The r?d, or
m_ard, to which they are tacked should have a hi'ng'e s .the
\ddle for convenience in carrying. A certain distinct
Sk, €asily seen at a distance, should be made or fattached
the 1oq at the average height of the instrument, in orde,lg
B€t correct elevations. While this “height of instrument,
.'ked on the rod in this way may not correspond to all
h SAts of the instruments, it will, however, be an average
§ht, ang these average heights will correct them.selveS-
©ase the absolute height of the ground under the instru-
1%, the height of the telescope at each station will have t.O
Measured by the rod, and the difference between this

bein
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General Uses of the Stadia.—For taking topography in
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measurement and the average height used in sighting to the
rod either added or subtracted as the case may be. The
difference will ordinarily be so small, that in a great deal of
stadia work no reduction wil} be necessary.

In sighting to the rod for the angle of depression or
elevation, the centre horizontal wire must always be wused.
A level should be used in the rod surveys, where the
value of the land is not too high—say less than $50 an acre.
In fact, any place where location and elevation are required
at the same time. We would not regard it as accurate
enough for city lot surveying, nor convenient where it is
necessary to put in stakes at regular intervals of 50 or 100
feet. i

We would hesitate to use stadia in a lost boundary suit,
or in any place where it would be mecessary to convince a
jury that the work was accurate, although we feel that more
accurate work can be done in rough country with stadia
than with tape line providing care is used. Owing to the
great chances of error we never feel satisfied with a line un-
til it is checked by amother line having a common beginning
and ending. In taking topography over a large area the
transit line will necessarily cross or join, so this checking
takes little extra time.

Fig. 4.

Fairchild and Gilchrist of Philadelphia, wrote the writer:
“We find that errors balance; lines 10 miles long may check
for ‘elevation within a foot at the ends; and cross lines | be-
tween be out as much as five feet. In the horizontal plane
these errors generally do not vary so much. We consider a
horizontal tie of lines between 2 and 20 miles long of 5 feet
out, good; 10 feet, fair; 15 feet, questionable; and zo feet,
bad. This in a fair country. We should avoid steep sights
rather than long sights, and try to get sights of average
length on main transit lines. But if one can avoid a ‘steep
sight by taking a short fore-sight and long back-sight, or
vice-versa, do so. ‘

“Lengths of sights depend upon the atmosphere and the
glass in the transit. Under fair conditions sights of 500 feet
is good; 400 feet is a little better; 6oo feet at pinch on main
line; on side shots, 1,200 feet long is not uncommon,

“We add (f+c) to each rod reading, and then reduce
for horizontal and vertical. The error in this is so slight
that it can be disregarded. (f+c) is variable with ‘each
transit. Tt is important that transit be accurately adjusted,
particularly plate bubbles. Only one sight is necessary.’ A
level—a small round bubble level—is easily attached to 'the
rod, and the rodman keeps the rod plumb by watching one
bubble. Slide rods should be avoided, and a target, ' except
for long sights, is unnecessary.”’ '

Preliminary Railway Surveys by the Stadia Mothoq.—-
In making preliminary location surveys for roads or rail-

- roads, the stadia method enables the surveying party to go

over the field much more rapidly, and in most cases is a
cheaper method for that reason than using a level. Locating
engineers, however, seem.to have a decided preference for
using a level for this work, chiefly because of the more ac-
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curate data obtained. It would seem to be useless refinement
to go over the ground with a level taking precise but tedious
readings at every station, when these levels are usually only
furnishing rough data to the engineer from which the final
location can be determined. In a level country or on gently
undulating ground, the final location can often be determin-
ed with no preliminary observations, and the levels for grade
fixed from one survey, but usually all the work of the pre-
liminary survey must be done over once, and often many
times, before the line is finally located. The stadia method
is a simple and rapid way of obtaining all the necessary data
with sufficient accuracy for the purpose intended since both
the topography and the bearing of the tangent can be found
with one setting of the instrument. ~

It would seem that instead of having to make two or
more preliminary surveys of a railway line, that one fairly
careful Teconnaisance be made over the ground in the first
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instance, taking the data of all elevations and depressions
on either side to the distance of 500 to 1,000 feet, that the
preliminary line that would follow would approximately be
a location line, thus saving one or more preliminaries.

In adopting the stadia method we make a compromise
between reconnaisance and preliminary, and this is
perhaps what is needed. Our usual reconnaisances are too
limited in data, trusting to what may be obtained with hand
level, compass and aneroid, while our preliminaries are
necessarily of too great refinement. The stadia, then, offers
a solution—a compromise between reconnaisance and prelim-
inary, in which in a good country no preliminary may be
needed but the final location made from the stadia, while in
rough country a preliminary will be needed, and one ap-
proaching in refinement, a regular location.

The stations in a stadia survey need not be placed ex-
actly one chain apart, but can be taken 200 ft., 500 ft., or
even 1,000 ft. apart if the ground is level. After setting up
the instrument at a station, and getting a back-sight, the
telescope can be circled round in azimuth and all the topo-
graphy taken on either side of the line. The rodman can be
signalled to place his rod where wanted and the angles of
all hills and valleys within 1,000 feet be obtained. In long
sights, three observations (in rough country) on either side
of the line are needed, one between o deg. and 9o deg., one
at or about go deg. from the tangent, and one between go
deg. and the fore-sight. The elevation and distance of the
next station should then be taken, and finally three more ob-
servations recorded for the topography on the right of the
line, one between 180 deg. and 270 deg., one at 270 deg., and
one between 270 deg. and 360 deg. The deflection angle, if
any, must also be read on the horizontal vernier, while the
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side shots need only be read by the needle, this saving 2 10;
of time. Progressing rapidly in this way the topography ¢
the country through which the road is to pass can be plott
with reasonable accuracy. Ordinarily a couple of side sho¥
will be sufficient. The rodman should carry small pegs S
hubs to drive at the stadia stations, and on the points take®
on the tangent or main line. The axman drives stakes
side the hubs in the same way as on railway hubs.

Reducing Stadia Readings.—When working in the field

with a stadia, a stadia rule, as Colby’s, or a cheaper olfe:
Keufel and Esser’s, or, perhaps, what is better, graphic dl.a_
grams, should be carried for making the corrections for
ferences of elevation, or % Sin. 20 (of observed angle),
also, corrections for distance, Cos.? . The constant of t
instrument (f+c), may or may not be reduced to siné 3”,‘
cosine for small angles. The stadia rules are more Convenle
ent to handle than tables, and the graphic diagram, if 22
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accurately, are even easier read. Any good dra.ugh'csman
can easily prepare a diagram for Cos.” 6, and Sin. 2 9 {05
which corrections can be read direct for any observed ang
and distances.

Keeping the Notes.—The most difficult part of 2 staj‘-
survey is keeping notes in handy form. Books can be
tained which are ruled especially for stadia work. and

Both the left hand and right hand pages are u?‘ed ﬁeld
little room is left for the sketch on the ordinary s12€ dif
books. Since the stadia reading must be corrected 4

& s gerl’
ferences of elevation it is perhaps better to enter the “;b di
ed vertical angles and leisurely reduce with tables. ‘; ark

tance, however, should be reduced on the spot so as @
on the stakes.
— e

CONTRACTORS’ WORKS IN CANADA:
S 5.
Sir W. G. Armstrong, Whitworth, and Company; Mes:;-
Swan, Hunter and Wigham Richardson, and Messrs: jtes

mell, Laird and Company are negotiating for suitable
for shipyards in Canada. Messrs. William Harkess meot
Sons, of Middlesborough. intend -to open an estab 1sh5 75
at Halifax, N.S., while Messrs. Denny, of Dumbarton, ¢ and

Jobn Brown and Company, the Fairfield Compan)’ ‘gt
Vickers, Limited, Barrow, are busy laying down P' EY
various places in the Dominion. The last-named fird ot

propose to build vessels at Sault Ste. Marie, an 0P " .
point on the Great Lakes. So far, no decision has bcele1
rived at by the Borden administration in regard to * it
quest made by Canadian shipbuilders for further state 2
ance, but it is expected that the import duty on mate

will be removed.—From Contractors’ Chronicle.
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EXHAUST STEAM AND ITS UTILIZATION.

By J. M. Cordon.

. In the last issue of 7he Canadian Engineer we dealt
With the utilization of exhaust steam in a paper by the above
2uthor which space did not permit us to publish in full. The
la'ttef Portion of his paper, which deals more particuléfrly
With condensers and turbines, we take pleasure in publishing

erewith,

The advent of the steam turbine has greatly influenced
the design of the condenser, for in previous days any con-
denser giving a vacuum of 25 inches was considere':d all that
Was Necessary; but nowadays the demand for high vacua

3s resulted in a condenser of far greater efficiency. .In e
USe of condensers in mining plants a main difficulty is that
the cooling almost invariably employed is derived from the
Mineg, Such water is rarely below 56° F. This necessitates
2 large volume of water passing through the condenser; ]m
?aCt’ as much as can be economically allowed. Co?seqtfent }{i
! the quantity of water is a factor of consideration, s

€ essential to erect cooling towers or sprays, Wwith setthnlgl
rese"VOirs, as the temperature of the outlet water haS. s
2 bearing on the vacuum; in fact, some British engineers
Prefer expressing the vacuum from condensers by tempera-
tUre, rather than by inches of mercury. Referring to I:‘1g‘i13s
I will be found that each inch from 25 inches to i l.nchei
S equivalent to 4 per cent. consumption by the turbine ’ft g

®tWeen 27 inches and 28 inches, about 5 per cent., and from
28 inches to 29 inches, from 6 to 7 per cent.; OT that apprOXl;
Mately 3° F. difference in the temperature of  the e;.(hau;
Means about an increase or decrease of 1 per cemt. in t e.
consumption. This will demonstrate the importance .of havmg1

€ temperature of the outlet water as near as ?0551ble e
© the temperature due to the vacuum. The dlffezence 1111 a

%0d modern condenser should not exceed 5° to 6° F. wth(:;
“Ndensing 12 pounds per square foot per hour. Ano b
Methoq of considering the efficiency of a con-dense; i 03;
exmeSSing it in B.T.U.’s transmitted per square foot re
Coolin g surface per hour for 1° F. difference of temperatu t

% well-constructed surface condensers, such as Parsons, 1
A be a5 high as 1,200 B.T.U. t ab-

N the surface condenser the resistance to the.head in
Sorbed from the steam by the water may be considere i,
Tee Stages. In the first stage we have the transmisSK
‘of ,the heat from the steam to the tubes Qf the condenS?::

'S transmission is governed by the efficiency o th;hilse
Dump, and by the quantity of air in the. condenser. L
ACtorg can, be greatly reduced by dry air-pumps Or ¥ o
More recent method of the application of the Parson vacu‘;lhe
ug”Inerltor, which withdraws the air 'completely' fron.‘ t

ndEHSefr. Air in a condenser is detrimental. since it :nod
:nly Vitiates the vacuum, but it also blankets the ?Ubesce is
“tards the transmission of heat. The second ‘Tesistan

3 : the

SI;naH’ and hardly worthy of consideration. It 151 du’ce :(::sist-
oy \ ’ but not least,

a 1.°f the tube. The third and last, he tube to the

1s the t 1 1 1eat f] om t
W 5 ﬁnal ransmission Of >
T h 3 na on

: the
eﬁg tube the conductivity of heat drops Conmdemb_ly’aa‘r:glent
Clenc : o eep the water in "
State ¥ drops. It is essential to keep Jothime

of Of excitement in order to prevent iy 2fllgarson’s
aue. DPeratures. In recent years the application o he aug-
Mentor has greatly improved the condenser. The A
Chtor jg simply a set of steam pipes which suc?(s A va}f a
AT from the main condenser and delivers it thr'oug :
Auxiliary condenser to the air pump. In prfic_ncefthllrsl
ahfmentOr has been known to bring the ConducuzltZe rtohe
em 250 or 300 to between 8oo and MO = ut re of
app - rture from 26° F. to 5° F., a gain in temperatu
iy m’Fimately 21° F., or 7 per cent. in the total steam con;
tion of the turbine. This steam jet consumes 0.6 pe

Smay)
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cent. only of the amount of steam consumed by the main
prime mover. In Scotland Kérting Bros.’ ejector condenser
has been used in connection with mixed pressure turbines,
and has proved eminently successful.

Discussing now the main prime mover, the turbine itself,
we have a machine possessing many peculiarities and dif-
fering vastly from the old reciprocating engine. One of the
chief differences is the mode of lubrication. In most types
of mixed pressure turbines the bedplate is the recepticle for
holding the oil, out of which it is pumped through the bear-
ings, and thence through an oil-cooler, and again back into
the bedplate. Thus the oil is used over and over again.
These turbines are usually governed by centrifugal governors
directly coupled to the shaft and in direct communication
with the tachometer, working a trip gear, which in turn opens
and closes the high-pressure mozzles according to the weight
of load and supply of exhaust steam.

There are quite a number of mixed pressure turbines on
the market; in fact, all compound steam turbines are adapt-
able for exhaust and mixed pressure use. The single stage,
or De Laval turbine, is not adaptable, as the efficiency is
regulated by the speed, the higher the speed the higher the
efficiency of the machine, and it has been found that units
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Fig. 3.

of from 200 to 300 kw. is about the highest economically ob-
tainable. These sizes run with a periferal speed of about
1,200 per second, which is about the limiting velocity, for
above this, centrifugal forces become too great. Another
disadvantage is that the periferal speed being so high the
turbo-generator cannot be directly connected to the machine,
but has to be geared down.

The compound-stage turbine, as already mentioned, is
divided into two sub-classes, namely, the reaction and a com-
bination of impulse and reaction. In the first sub-class we
have Parsons, while in the second we have the Rateau, Zoelly,
Curtis, Bergman, Riedler, Stumpf, Sulzer and Echer-Wyss.
The first sub-class being the first type to be constructed had
to contend with the fierce cutting action of superheated high-
pressure steam on the blades; and to reduce this action as
far as possible, the expansion is divided into a number of
stages, thus reducing the velocity of the steam, while also
reducing the high periferal speed and revolutions. Mean-
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while metals or alloys have been discovered to withstand this
high eroding properties of superheated steam jets at great
velocities ; and there is now in the market a combination of
the impulse and reaction turbine with very few stages.

Without discussing the details of the respective types,
a short resumé of the betrer known turbines will not be out
of place.

The Parson turbine consists of a long cylindrical drum,
increasing in diameter by stages from the high to the low-
pressure end. This drum is mounted on a shaft revolving in
two pedestal bearings, and the whole is enclosed in a cast-
iron casing. On the perifery of the rotor are placed alternate
rows of fixed and rotating blades or vanes. These blades
are fixed in dovetail grooves with distance pieces placed be-
tween them and cranked into position. The increase in size
of the blade in the low-pressure end requires it to be stif-
fened by shrouding. The fixed blades project inwardly, while
the revolving blades project outwardly. The steam enters
in the bottom of the high-pressure end of the cylinder, leav-
ing the top clear of steam pipes, thus much facilitates dis-
mantling. The steam first passes through a ring of fixed
or guide blades, and in so doing the pressure falls and pro-
portionately the velocity of the steam rises, and is ‘then pro-
jected in a rotational direction against the neighboring ring
of rotating ‘blades, whereby work is done upon the blades,
and hence the acceleration of the rotation of the turbine. This
is carried on through the different stages until the steam is
fully expanded, and it then exhausts into a condenser.

In this type of turbine the steam, in addition to giving
a rotational force, exerts an end-wise pressure along the
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Fig. 4—Consumption of Steam by an Exhaust Steam
Turbine. Vacuum 28" (Bar 30”).

shaft, on the surface of the blades. This is now counter-
acted by dummy pistons for the different stages or sections,
each presenting an area equivalent to the mean blade area
of the section it is intended to balance. Thus the turbine
shaft runs in complete balance endways, and after the critical
speed has been reached the shaft can be moved backwards
and forwards with a lever with comparative ease. A claw
type of flexible coupling is usually used for connecting the
turbine with the generator to allow for any. slight difference
in alignment. A thrust block is placed at the steam end
of the turbine shaft to give the proper clearances and adjust-
ments between the fixed and moving blades. In the small
sizes of Parsons turbine the shaft is usually made from a
solid steel forging, but in the larger sizes hollow steel drums,
which are machined both outside and inside, are fitted to-
gether and carefully shrunk and pinned. The lubrication
of the bearings, thrust-block and governor gear is auto-
matically performéd by a rotary pump driven from the worm-

slwheel:-of ' the centrifugal governor; and, as it is placed low

down, it is continually flooded; hence it is almost impossible
that it would fail to perform its function. The main bearings

"aré 'made of gun-metal. The bushing is held in position by

a loose-fitting dowel, and is surrounded by three concentric

' tubes, the annular spaces being filled with oil in order to

damp vibrations; this causes the bearing to be practically
self-centring.
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The Sulzer turbine consists of a partially injected ¥
pulse turbine for the high-pressure stage, and of 2 pres
injected reation turbine for the low-pressure stage- e
blades of the impulse wheels are made of a high-grade nicke
steel, while the reaction blades are made of a special l?fonze'
Unlike other turbines, this type does not make an oil w
of its bed-plate, but has a special vessel usually kept iB e
basement of a power-house. This is a precautionary meast

against the possibility of grains of sand finding their.Way
‘into the oil. In order to obtain oil when the turbine i5 2
rest a small steam auxiliary oil pump is provided, whic 2
usually attached to the bed-plate. A device is provide ;
the turbine to make it impossible to start the turbine bef.of
the complete oil system (governor, bearings and balanc®

. . 2 ; . 3 u
.disc) is under pressure. In this type of turbine, in sizes

to 1,500 horse-power, an ordinary collar bearing is usel ol

take up the axial thrust, but in the larger sizes a smal
pressure balancing disc is used which is attached 0uts!
of the high-pressure bearing, and is keyed on the shaft: 3
The Curtis turbine, like the Parsons, is made by mo:y
than one firm in different countries. In Germany, 2 vede
excellent type of the Curtis mixed-pressure turbine i ma'
by the Allgemaine Elektricitats-Gesellschaft, while in G,“:,
Britain the British Thomson-Houston make a unique lhe
pressure Curtis turbine with the generator directly abf{vet
power producer, the low and mixed-pressure type being
the horizontal construction. :

In this type of mixed-pressure turbine the expans i
performed in two stages. The first expansion takes plac® 3
a row of nozzles, which brings the steam down to app?? 1
mately atmospheric pressure, and its energy is then tak®
up by the turbine wheel, usually comprising two OW° »
buckets with two velocity stages. From this point the stea
is exhausted into a chamber and there passes throuﬁ;’rhi’
second series of nozzles into the low-pressure end. get
second series of nozzles is divided into two sets, on€ s
conducting the exhaust steam from the high-pressure Stag;e’
and the other set conducting the exhaust steam from® ast
accumulator. These sets are so constructed that the €exb? Iy
steam in the accumulator gets the preference, and it i g
when the load becomes too great, or the exhaust steam
that the turbine slows down, or rather the tendency © 0
so causes the governor to open the high-pressure nozz il
the amount of the deficiency; and, as soon as the €¥ 4 ¢
steam from the generator can take the whole 102¢ he
governor once more closes the high-pressure nozzles: ot
governor is usually set for a speed regulation of 2 DPer % i3
between full and no load, with a maximum monetary
tion of 4 per cent. for the purpose of synchronizing e
making the turbine bear a proportional share of a P2 .,
sudden extra load.” An emergency governor is also King
this turbine, so that at any time, should the main wofbove
governor fail, and the turbine increase to 15 per cent: i ot
the normal speed, a trip-gear would act and cause the & -
tling of the valve in the main steam pipe until such 2
as the normal speed was again reached. S

These low-pressure and mixed-pressure steam .t“rbi -
are usually directly coupled to a three-phase alternating AllY
erator. Three-phase alternating current is almost un“,'eri 28
adopted because of the economies in the transmissio? dapt’
while also three-phase induction motors are admirably 2
able for pumping work and haulage. The great disadval g
the system once had was the sudden drop of voltage onwaS
main alternator, when a fluctuating or a peaky 10a¢ u1ag®
encountered, such as occasioned by one or twoO atime-
motors commencing operation on or about the sam® _..g
This difficulty has been overcome by au'tomaticauy, v act?”
the resistances in the exciter field through solenoid® *
ating moving contacts. rotef!

Low-pressure turbines have also been applied t© m"ﬂ&
air compressors, and are found economical when the

jon %

fail5p
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:glia,re‘:iprocating air compressor exc'eeds tl'le supply. By so
B, g the exhaust steam of the reciprocating set the rotary
e Will supply air at 30 pounds absolute to the main com-

Ssor, ang thus almost double the output of the main set

wi ;
th no more steam than was used previously.

. The Capital or initial costs of a high-pressure set and a
operZ‘:_'Dl‘ESsure set are compared in the following table. The
‘Colliemg €Xpenses for a twel'vemontl‘l at an average deep
Ae thry where exhaust steam is plentiful are also computed.

rsee blant under construction is of two units, ea-ch of 1,000

“Power, the reciprocating engine is not considered :—

Capital Costs.

P, Plant 2, 750 Kw. Sets. H.P. M.P.
(2)“'61'-house ant Branes sl el ol ol $ 8,250 $ 8,250
750 kw, turbo-generators, complete 50,400 60,000
Wplete installation of two condensing
RS o s e 15,000 23,000
:te BB Blant e 4,000 6,500
0 P of ‘boilers: with essentials. .... 30,000
‘€8enerator .,........... et S e (5 i 8,000
$107,650 $105,750
Annual Cost Sheet.
Plang : :
b i i i Mixed
Hp " (8td. 2,750 kw, sets.| High Mixed High
Mp %Ondenser 26 I:vwse S Preégure Pressure | Pressure |1 Pres.
D,
283 \5’“’." PER ANNUM
= 23%2“"3 days of 8 hours
hours”at 600 kw,
S 1445300 4 condenser
142,300 1,497,600 | 1,442,300 | 1,497,600 |
F
TE(RsﬁOON Surrr 1,442,300 | /1,497,600
e a5 Day)
lGHT 5
288 0 JHIFT
W}:)rkmg days at 8 hrs
~676,000° 2t 250 k. ... .|
’ Condenser....|  635900-| 691,200
G . s
BNP Torar or Unirs | 3,520,500 | 3,686,400
IT70, oF Usgrur,
.Units 3,340,800 | 3,340,800
: eed
Heat Mixed Heat Mix
c“‘“ [ Pres. Pres. Pres. Pres.
num?nsump.tion per an-
Tate o;‘l 3memc tons at the,
kW., 4 Tbs, of coal per|
Sure ¢ When mixed pres-
live Urbine Tuns on 6-hr.
Q“hift M on.the night| Tons Tons
P?igr: .................. ! 5,670 730
Int, 3 coal o g4 00 $22,680 | 2,920
Depeet 5% on czf,-i‘:glpertgon : 5380 | 5280
Botlerpiation, ar g, ©UH8Y 10,576 | 10,575
OMBineh attendace, | 0L
i Wat seatt:t.;?::ce,_ ; 3,300 s
OTar Cosp PER ANNUM X $44,625 22,675
ST peg USEFuL Unir 1.33 cts. | 0.68 cts.

i L
uva"tase for Mixed Pressure Turbine, .65 Cents per
Useful Unit.

foreht:' condusioll, an interesting instance in support of .the
y thelng aTgument may be here cited. In the power station
3 LEN dlnb“rgh Corporation, Scotland, were elg.ht Willin
operatss *Ngines, each of 1,200 horse-power, designed to
these‘ € w}t a 25-inch vacuum ; but because of a lack of water
Mitch;lllgmes were not operated mon-condensing. Mr. P. S.
fromf N Glasgow, Scotland, collected the exhaust steam

turh; f the engines and installed two Rafeau‘ low-:ares;
500 . J0eS with 5 Brown Boveri, D.C. combination at 49
Pl Each of these turbines is capable of developing

Surg our o
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1,250 kw. when supplied with 45,600 pounds of exhaust steam
per hour. Two of the reciprocating engines have a total
output of 1,550 kw. Consequently the output has been in-
creased no less than 8o per cent. by the utilization of what
was formerly waste steam. The condensers installed were
the contra-flow condensers made by Richardson & Westgarth,
and it is interesting to note that this Scottish engineer had
the boldness to use the Sewage water of the city of Edin-
burgh for circulating purposes,

T e-e———

OPERATION OF TRAILERS IN CONNECTION
WITH PEAK LOAD CITY SERVICE.

A description of the operation of trail cars in Cleveland
is given by Mr. G. L. Radcliffe, general manager of thas

Cleveland Railway, in a recent number of the Electric Rail |

way Journal. The article deals principally with the changes
made in equipment since the trail car was last in general use,

With adequate motors and improved tracks, its operation
is no longer hazardous; its application to traffic problems
is definite and easy. No more a makeshift, but specially
designed to meet certain conditions, it is in every way a
worthy running mate for the modern motor car. The first
modern trailer operated on the system of the Cleveland Rail-
way Company was placed in service September 16th, 1912,
One hundred are now on our lines, and a second hundred
will shortly be added. The operating features of this equip-
ment necessitates a brief description of the car itself.

The extreme length is 490 ft., and there is no platform
or vestibule at either end. A continuous longitudinal seat
completely encircling the interior gives a maximum seating
capacity of seventy-two and leaves a very large area for
standing passengers.

The cars are mounted on Brill No. 67-F trucks, with
22-in. wheels, bringing the floor of the trailer close to the
ground and making entrance to the car easy. It is but ope
step from the ground into the car—15 in.—and a second
step of the same height to the car floor proper.

There are two doors in the centre of the car, one for
entrance, the other for exit. The fare-box is placed opposite
the post which separates the doors. The conductor’s position
at the box is facing the rear, so that an aisle is open between
the fare-box stand and the devil-strip side of the car, The
stand supporting the fare-box has a small shelf for change,
on which is mounted a set of push buttons to govern the
doors. Each door is opened and closed by compressed air
electrically controlled by the conductor through the push
buttons. The opening and closing of the doors flashes signals
to the motorman by an electric contact, which should make
trailer operation much safer than when he is entirely de-
pendent on the signal bell.

The trailer is pulled by a 38-ft. motor car, equipped with
four 40-h.p. motors of the Westinghouse 307-F type. The
train is equipped with Westinghouse semi-automatic: brakes
and is coupled with the Tomlinson automatic air coupler.
The couplers, while not yet entirely perfect, are a great im-
provement over the couplers in general use on the old-type
train. Cars equipped with the modern automatic air coupler
can be coupled much more quickly and with much less
danger to the employee than formerly, while the application
of air brakes to both cars reduces very largely the danger
of accidents through the heavier equipment. These two fea.
tures, we believe, with the electric signal device, give the
requisite safety both to employees and the public.

When' these - trailers were first put in  operation it was
decided that we should use them only during the rush hour,
morning and evening, and that trains would be left coupled
so that it would not be necessary to switch, couple and un-
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couple them several times each day. This method of opera-
tion is still pursued, and at present the motor cars are laid
up during the greater part of the twenty-four hours. Upon
the arrival of the next hundred trailers, however, it will be
necessary for us to uncouple the trains in order to have the
use of the motors during the day.

The first, and probably the greatest, advantage in
operating trailers is in the cost of equipment. It will readily
be seen that the elimination of motors and other electrical
equipment from the car greatly reduces the cost of the equip-
ment necessary to move rush-hour traffic, and the investment
in idle equipment is smaller in proportion.

A second advantage is the carrying capacity of the trailer.
In our case it is about twice that of the motor car. Seating
seventy-two, while the motor seats but thirty-eight, the
arrangement of seats noted earlier in this paper gives the
trailer a standing area even larger in proportion than the
similar area in the motor car. Thus, while the seating
capacity of one of our trains is 110 passengers, we have
carried over 350 passengers on a rush-hour trip, and it is
not unusual to find 200 passengers on one trailer.

Another advantage is the reduction in operating costs
made possible. The heavy extra loads just mentioned require
the addition of only one man to a crew to handle, the trailer
being in charge of one conductor and the train manned by
the regular crew.

All the cars on the system of the Cleveland Railway are
equipped with fare-boxes, and most of them are operated on
the pay-enter plan. When the trailers were adopted it was
intended to operate them also as pay-enter cars, but on
account of the single-entrance and no-platform features it
was found that loading took too much time and the method
was changed so as to utilize the rear half of the trail car
as a loading platform. Passengers boarding the trailer pay
their fare as they go past the fare-box to the front end of
the car, or if they go to the rear of the car, they do not
pay their fare until leaving the car. In this manner about
half of each load pays fare on the pay-enter plan and the
other half on the pay-leave plan. This method has proved
very satisfactory, and little confusion resulted from the
change in method, even when first put into effect.

We did experience a great deal of trouble for a time on
account of the slowness of trains in getting over the line
when mixed with single cars. It developed, however, that
the slowness of operation was due rather to the inexperience
of the platform men than to the number of passengers car-
ried on the trains, and, after six months’ operation, we find
that the amount of time necessary to operate a train over a
given line is but little more than the amount required for
a single car on the same line. The difference is so small
in comparison to the amount of money saved in equipment
and in the number of trainmen worked as to be negligible.
In making up our schedules we arrange all runs so that both
motormen and conductors can act as conductors on trailers
during the rush hours. This, of course, requires fewer men
to operate our schedules with any given number of cars than
would be required if each car must be operated by two men.
We find, also, that our runs can be arranged to better ad-
vantage by this method. A

The train signal system between conductors and motor-
men is giving us some little trouble, trains being delayed for
signals and slow in getting away from stops. Under our
rules, even though a motorman receives his bell signal from
the conductor, he should not start his car until he receives
the signal light in the vestibule, indicating that all doors
on the train are closed. Our present equipment being over-
taxed in the rush hours, it often happens that passengers,
attempting to crowd their way into cars already filled, stand
in the doorways and prevent doors from closing. The con-
ductor, busy at the fare-box, is unable to get to the door to
get the passengers off the step. So it has been necessary

Volume 24.

s SO that

to station inspectors at some points to clear the step W
e

doors may be closed and the train properly started.
believe that this trouble would entirely disappear if we Wer®
operating sufficient cars to take care of the traffic and
prevent passengers from gathering in such large numbers:

The distribution of equipment, ever important, is espe”
ally vital to the success of trailer operation.. We have not
yet been able to work this out to the best advantage becausé
of the mixing of single cars with trains, already referred
to, but are hopeful that with the second hundred trailers 2
better adjustment can be made.

Little trouble has been given us at switches on
of operating trailers. Some motormen in their endeavor ©
keep their trains on time accelerate their motors too quickly
when passing over switches, not waiting until the rear truc
of the trailer has cleared the switch before they attain the
maximum speed of their motors.

The operation of trailers in connection with peak-_
city service depends entirely upon the peculiar local conditio?
of the particular city service to which the trailer is to
adapted, and I have thought best to give you merely O%F
experience without attempting the broad application of that
experience. But I would say this much—as a person?
opinion—I feel that the trail car is suitable only for pea
loads, and they must be real peaks. A four-minute headf"""y
is the minimum which I consider warrants trailer operatio™

a,ccount
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AMERICAN SOCIETY OF CIVIL ENGINEERS'
CONVENTION AT OTTAWA.

Smem

Preliminary arrangements have been made for t
fifth annual convention of the American Society of C X
gineers at Ottawa, Ont., June 17th to 2oth, 1913. Charle
H. Rust, city engineer of Victoria, B.C., is chairman of .the
Committee of Arrangements of the Board of Directio®
Charles Warren Hunt, secretary of the American Society o’
Civil Engineers, and Henry W. Hodge are the other men
bers of this committee.

The following are members of the local committee "

Charles H. Keefer, chairman; S. J. Chapleau, C. B *f
Coutlee, A. A, Dufresne, G. H. Duggan, Sir Sandford FI*%
ing, H. Holgate, J. A. Jamieson, Phelps Johnson,
Keefer, C. H. Mitchell, W. F. Tye, G. W. Volckman. =

Most of the members who expect to attend the con""*n"l‘?11
will be in Ottawa by Tuesday morning, June 17th, 2% ity
the afternoon will be tendered a reception by the Ottaw? ,Cl
officials. In the evening there will be an informal reCeptmne'
with dancing, so that members of the party can becoﬂ;lr '
acquainted. At ten o’clock Wednesday morning, June 1,8ta:
the president will deliver the annual address, at the termi?
tion of which the business meeting will convene.

The local committee is arranging for various
and excursions. It is expected that there will be tWO &
ing lantern slide lectures, descriptive of engineering wok 2
Canada; several excursions to points of local interest; & 2 .
den party; golfing at the Royal Ottawa Golf Club links ?vﬂ
A reception will be tendered by the Canadian Society of & 1y
Engineers to the visiting members of the American S0¢ g

The entire programme is subject to change, exceptlnt'
the time for the president’s address and the business meeu
ing. The headquarters of the convention will be the & ate?
Laurier.

he fOItY'
ivil EB°

meeting®
ven”

————

The expenditure on the harbor and railways in the SO“dt
African Union for the ensuing year is estimated at £‘3’7.74'5
550, which is an increase of nearly £300,000 on the prev! of
year. This is exclusive of capital expenditure in respect
the construction of mew railways.
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COAST TO COAST.

Ottawa, Ont.—Hon. J. D. Hazen has given notice of a gov-
Srnmen bill providing for a federal loan of $3,500,000 to the

ebec Harbor Commission to enable the commission to
Onstrycy such terminal facilities as are necessary to pro-
Perly €quip the port of Quebec. The money is to be advanced
oW time to time as needed. The bill contains provisions
BT 00 ithose in the act passed some years ago in regard
0 the Montreg] Harbor Commission.

Vﬂncouyer’ B.C.—At Nanaimo on March 4, at the open-
Session of the western branch of the Canadian Mining
ns‘t.ltute the secretary drew attention to the better positi?n
:;tlsh_COIUmbia had reached in regard to loss of life in its
» Mines,  For the ten-year period, 1903-1012, the dealtlh
N Was 5.08 killed per thousand employed, while for the

Vear periog, 1908-12, it will be found to have been 4.34
Ousand employed. Credit should be given, in jus_tlce
ety Provincial departm.ent of mines, the oﬁicigls of whlcil(;
ensurg Tecent years particularly, have done their utmost

€ the safety of coal mine employees.

Montrea, Que.—The announcement was made recently
a Pndo.n » England, of what is thought may prove an epoch-
Droc;ng invention ifl the steel trade. 'It is' alleged that a
8raq 5 has been discovered for convertmg‘ iron ore of any
ist r: {even sands, of which hundreds of millions ?f tons ex-
e a-ady for working) into steel of excellent quality w1Fhout
in , S!d of a blast furnace, the steel being produced dxfrezlzlt,
Steelg 'ngle operation. Tests have already been made o tlte
Obtas SO produced at an experimental plant .and th.e results
.¢d ‘are remarkable. No blast furnace is required, an.d
llrecz € which means an initial saving .of capital expend;
Whie S Well as economy in production, while ores can be use
The 0’ at. the present time, have no market value wh;'tel\lreirs.
DProg T® is reduced by heat obtained from a gas, whic
tced from slag. It is claimed that steel can be made

One.}: ;
Sthird of its present cost.

c"ns?rtl J.oh"’ N.B.—Negotiations are now going on for thlt;.
ermiuct“’n of the final 225 miles of the Ca'nada and Gu
Wity ng Railway connecting the present tel:mlnus at Matan;
Shye ® Basin of Gaspe. The projected line runs .throug
little 'V centre of the Gaspe Peninsula, about which very
Meng s known up to a few years ago, yet the announce-
been : D0W made that complete surveys and locatloPs haw.rl(]e
D’°bablade along the entire route, and that construction wi
for tw Y be begun during the coming summer and continued
of ¢ ® Or three years, as it will probably take that length
Doy, © 0 bring the rails down to the big government v‘.rharf
leas Fng constructed at Gaspe Basin, where there is at
Vent }? 'ty feet of water at low tide. The federal govern-
Dep milave Subsidized this enterprise at the rate of $3,29Io
Vay e: > And this sum will be doubled if the cost of the r;n -
80vernl:hes a certain sum. On the other hand, the Quebec
Der oo SOt have granted a subsidy of three thousand acres
_ °‘nter for the entire 225 miles. .
lnteres oa.|, Que.—Montreal electrical engineers haw? become
triCal ¢d in Mr. Denys L. Selby Bigge, the Engllsh. el'ec-
4 ele:txx.)ert» who is promoting direct current transmlssn::in
vantag 3 energy for long distances. Some of tl.ne ad-
Rangge. Of his system are as follows: Long distance
2 i b o of electricity in bulk with gwund. return
i r:i;ances of 400 to 500 miles. The electnﬁ.'caflon
iy s, owing to the low cost of transmission,
Doy oo o18  for the line, which in conjunction with
nd trolorIn of high tension direct current traction.motorz
ley line, would greatly reduce the construction an

si
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operative costs. The ease with which pulp mills or other
industries in which direct current motors of high power are
used, could be driven from the initial generating source,
directly in series with the line, without any transformation
either up or down—thus effecting great simplicity and ef-
ficiency in operation. The direct current system is not alto-
gether new to Europe. The system has been in operation
for four and a half years from Moutiers, in Switzerland, to
Lyons. It was found possible to extend the system consider-
ably, and has been linked up with water powers at Bredoire
and Roselle.

Ottawa, Ont.—During the past few weeks the Canadian
Northern Railway Company has been pressing the govern-
ment to come to its assistance in a generous manner and
assist the company to meet pressing financial obligations in
connection with the completion of its transcontinental line.
Sir William Mackenzie is now in Europe in connection with
a general financial re-organization scheme, on behalf of the
Mackenzie and Mann railway and allied enterprises. It is
understood that the world-wide financial stringency has had
a serious effect on the efforts to float new loans to keep all
their gigantic and inter-related interests from suffering
through the lack of ready money. The appeal for federal
assistance has been pending for some time, but government
action has so far been delayed by the exigencies of the naval
issue. It is understood that the measure of assistance
sought involves some twenty-five million dollars, partly
by way of direct subsidies for the company’s lines not
hitherto subsidized from the federal treasury, and partly
by way of a loan on the security of the company’s
railway lines. The details of the legislation have not
vet been finally worked out, but it is understood that a gen-
eral basis of agreement has been reached between the gov-
ernment and Sir William Mackenzie and Sir Donald Mann.
The railway company claims that, in view of the magnitude
of its undertaking, it is entitled to federal assistance pro-
portionate to that given to the C.P.R. and the Grand Trunk
Pacific.

PERSONAL.

MILLIS M. FERGUSON, graduate of Queen’s University

in ‘o4, has resigned his position of city engineer of Guelph,
Ont.

MR. HOLLAND, assistant city engineer of Guelph,
Ont., has been appointed temporary city engineer in place
of Millis Ferguson, resigned.

GEO. T. CLARK, B.A., graduate of Toronto University

in Civil Engineering, of class ’06, has resigned his position_

as city engineer of Saskatoon.

MR. R. H. THOMSON, Ilate city engineer of Seattle;.
Wash., now engineer in charge of Strathcona Park for the-
province of British Columbia, and Mr. C. H. Rust, city en--
gineer of Victoria, B.C., have been requested by the pro-

vincial government to report upon the proposed Sewage
scheme for greater Vancouver, which has recently been sub-
mitted to the various municipalities interested by Mr. R. S.
Lea, of Montreal. The government have agreed to guar-
antee the interest upon bonds to the extent of five million
dollars, this being the amount that Mr. Lea recommends
should be expended at once. The remaining five million
dollars to be spread over a period of some years.

MR. B. RAYMOND PHILBRICK has been appointed
head of the buildings branch of the Department of Pyblie
Works, Saskatchewan, taking the place of Mr. W. P. Colt-
man, who has resigned by letter from England. Mr, Phil-
brick has been in the employment of this government for
the past thr@e Yyears, and is a surveyor who commenced his.
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career in Cape Town. He took part in the Jamieson raid,
and after a term in the Matabeleland Mounted Police, re-
sumed the practice of his profession in England. With his
father Mr. Philbrick became a large contractor for several
public works, prior to coming to Alberta. He has until re-
cently been supervising the work of constructing the hospital
for the insane at Battleford.

W,

CANADIAN SOCIETY OF CIVIL ENGINEERS.

At a meeting of the Vancouver Branch of the Canadian

Society of Civil Engineers held recently, Mr. A. D. Creer,
chief assistant to Mr. Horace Lea, the consulting engineer
of the Burrard Peninsula Sewage Disposal Commission, out-
lined the work which it is hoped to undertake in order to
efficiently dispose of the sewage of the Burrard Peninsula
area. There are five drainage areas, Mr. Creer stated,
namely, the Fraser River, False Creck, English Bay, Bur-
rard Inlet and Burnaby Lake. The total area to be taken
care of is 52,000 acres. Mr. Creer read passages from the
report of the consulting engineer showing the way in which
sewage effects the waters into which it is emptied and the
plans which the commission have adopted as being able to
cope with the problem.
—-»————————

COMING MEETINGS.

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.—Meeting of
the Toronto Section will be held at the Engineers’ Club. 96 King St. West, at
8 p.m., Friday, March 28th. Secretary, H. I. Case, 709 Continental Life Bldg.,
Toronto.

CANADIAN ELECTRICAL ASSOCIATION.—Annual Convention will be
held in Fort William, June 23, 24 and 25, Secretary, T. S. Young, 220 King
Street W., Toronto.

THE INTERNATIONAL ROADS CONGRESS.—The Third International
Roads Congress will be held in London, England, in June, 1913, Secretary, W.
Rees Jeffreys, Queen Anne's Chambers, Broadway, Westminster, London, S.W.

THE INTERNATIONAL GEOLOGICAL CONGRESS.—Twelfth Annual
Meeting to be held in Canada during the summer of 1913. Secretary, W. S.
Lecky, Victoria Memoriam Museum, Ottawa.

—_———ea<c ——
ENGINEERING SOCIETIES.

CANADIAN SOCIETY OF CIVIL ENGINEERS.—413 Dorchester Street
West, Montreal. President, Phelps ¢ Johnson;;..Secretary. Professor
C. H. McLeod. ;

KINGSTON BRANCH—Chairman, A. K. Kirkpatrick; Secretary, L. W Gill ;

Headquarters: School of Mines, Kingston.

MANITOBA BRANCH.—Chairman, J. A, Hesketh; Secretary, E. E. Brydone-
Jack, 83 Canada Life Building, Winnipeg. Regular meetings on first Thursday
of every month from November to April.

OTTAWA BRANCH=—

177 Sparks St. Ottawa. Chairman, R. F. Uniacke, Ottawa; Secretary,
H. Victor Brayley, N.T. Ry., Cory Bldg. Meetings at which papers are
read, 1st and 3rd \Vednesdays of fall and winter months; on other Wednes-
day nights in monlLh there are informal or business meetings,

QUEBEC BRANCH—Chairman, A. R. Deécary; Secretary, A. Amos; meet-
ings held twice a month at room 40, City Hall.

AORONTO BRANCH—96 King Street West, Toronto. Chairman, E. A. James ;
Secretary-Treasurer, A. Garrow. Meets last Thursday of the month at
Engineers’ Club.

/CALGARY BRANCH—Chairman, H. B. Mucklestone; Secretary-Treasurer,
P. M. Sauder.

. VANCOUVER BRANCH—Chairman, G. E. G. Conway ; Secretary-Treasurer,
F. Pardo Wilson, Address: 422 Pacific Building, Vancouver, B.C.

\VICTORIA BRANCH—Chairman, F. C. Gamble; Secretary, R. W. Maclntyre:
_Address P.O. Box 1290.

MUNICIPAL ASSOCIATIONS

N’ O MUNICIPAL ASSOCIATION—President, flayor Lees, Hamilton.
&cgtN:re-?rleasurer‘ Mr. K. W. McKay, County Clerk, St. Thomas, Ontario.

SASKATCHEWAN ASSOCIATION OF RURAL MUNICIPALITIES.—

President, George Thompson, Indian Head, Sask.: Secy-Treasurer, E. Hingley,

Radisson. Sask. T i
TA L. I. D. ASSOCIATION. President, Wm Mason, Bon
A JSEAIAJ;.B ESl:cy-Treasurer,James McNicol, Blackfalds, Alta.
wTH'B UNION OF CANADIAN MUNICIPALTIES.—President, Chase.
Hopewell, Mayor of Ottawa; Hon. Secretary-Treasurer, W. D. Lighthall, K.C.

B"¥ﬁy€' ngleggmoo;nka _BRUNSWICK MUNICIPALITIES.—President,

Councillor Sid dall, Port Elgin; Hon. Secretary-Treasurer J, W. McCready, City
Clerk, Fredericton. ne i

A OTIA MUNICIPALITIES. President, Mr. A. S.

,"‘,{,,‘?,}S,f“ \gzdg:?xmlgsgxish. N.S,: Secretary, A. Roberts, Bridgewater, N.S.

UNlO\iI OF SASKATCHEWAN MUNICIPALITIES.—President, Mayor

Secy-Treasurer, W. F. Heal, Moose Jaw. +
BRITISH COLUMBIA MUNICI PALITIES.—President, Mayor

Bee, Lemberg;
u Secretary-Treasurer. Mr. H. Bose, Surrey

NION OF
Planta. Nanaimo, B.C.: Hon.
Centre, B,C. y

ALBERTA MUNICIPALITIES, — RrCSldent- F. P. Layton,
May%ytl:?gagrpose: Secretary-Treasurer. G. J. Kinnaird, Edmonton, Alta.
UNION OF MANITOBA MUNICIPALITIES.—President, Reeve Forke,

Pipestone, Man.: Secy-Treasurer, Reeve Cardale, Oak River, Man.,

° N. Vermilyea, Belleville; Hon. Secretary-Treasurer, J. E. Farewell,
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CANADIAN TECHNICAL SOCIETIES

ALBERTA ASSOCIATION OF ARCHITECTS.—President, R. W- Lines»
Edmonton ; Hon. Secretary, W. D. Cromarty, Edmonton, Alta. c
ALBERTA ASSOCIATION OF LAND SURVEYORS.—President, L, &
Charlesworth, Edmonton; Secretary and Registrar, R. W. Cautley, Equﬂt"n' ‘

ASSOCIATION OF SASKATCHEWAN LAND SURVBYORS.-—PreSIdwt‘

A. C. Garner,Regina ; Secretary-Treasurer, H. G. Phillips, Regina. -

ASTRONOMICAL SOCIETY OF SASKATCHEWAN.—President, N. Me
Murchy ; Secretary, Mr, McClung, Regina. < 1ot

BRITISH COLUMBIA LAND SURVEYORS’ ASSOCXATION.—PrgsldGﬂC'

W. S. Drewry, Nelson, B.C.; Secretary-Treasurer, S. A. Roberts, Victoria, = “’

BRITISH COLUMBIA SOCIETY OF ARCHITECTS.—President, Hou!

Horton; Secretary, John Wilson, Victoria, B.C. T

BUILDERS' CANADIAN NATIONAL ASSOCIATION.—President, B. e
Nesbitt; Secretary-Treasurer, J. H Lauer, Montreal, Que. - ent

CANADIAN ASSOCIATION OF STATIONARY ENGINBERS.—-.PreSId(;nt'

Wm. Norris, Chatham, Ont.; Secretary, W. A. Crockett, Mount Hamilton, :
. CANADIAN CEMENT AND CONCRETE ASSOCIATION.—President, Pet:'
gllleslee.(’)l‘ogonto, Ont. ; Secretary-Treasurer, Wm. Snaith, 57 Adelaide Street)
'oronto, Ont. s

CANADIAN CLAY PRODUCTS’ MANUFACTURERS'’ ASSOCIATION'
President, W. McCredie ; Secretary-Treasurer, D. O. McKinnon, Toronto

CANADIAN ELECTRICAL ASSOCIATION.—President, A. A. Dion, Ott
Secretary, T. S. Young, 220 King Street W., Toronto.

CANADIAN FORESTRY ASSOCIATION.—President, Hon.W. A, Charlto
M.P., Toronto; Secretary. James Lawler, Canadian Building, Ottawa. ]

CANADIAN GAS ASSOCIATION.—President, Arthur Hewitt, Geﬂe::
IlS_l’lanzglgter Co(r)lsumers' Gas Company, Toronto ; John Kelilor, Secretary-Treasuret

amilton, Ont. .

CANADIAN INDEPENDENT TELEPHONE ASSOCIATION.—PreSldeﬂzt]'
W. Doan, M.D., Harrietsville, Ont. ; Secretary-Treasurer, Francis Dagger
Richmond Street West, Toronto. s 1t

THE CANADIAN INSTITUTE.—198 College Street, Toronto. presiden
J. B. Tyrrell; Secretary, Mr. J. Patterson. S 4Eat

CANADIAN MINING INSTITUTE.—Windsor Hotel, Montreal. Presldet‘ll:
?dr. 1: Ef Barlow, Montreal; Secretary. H. Mortimer Lamb, Windsor Ho

ontreal.

CANADIAN PEAT SOCIETY.—President, J. McWilliam, M.D., thfig::
Ont.; Secretary-Treasurer, Arthur J. Forward, B.A., 22 Castle Buil
Ottawa, Ont. Dt

THE CANADIAN PUBLIC HEALTH ASSOCIATION.—President- :
Charles A. Hodgetts, Ottawa ; General Secretary, Major Lorne Drum, Ottawa-

CANADIAN RAILWAY CLUB.—President, A. A. Goodchild; Secretary’
James Powell, P.O. Box 7, St. Lambert, near Montreal, P.Q.

CANADIAN STREET RAILWAY ASSOCIATION.—President, Pat!
Dubee, Montreal; Secretary, Acton Burrows, 70 Bond Street, Toronto. 7

CANADIAN SOCIETY OF FOREST ENGINEERS.—President, Dr- FernoWw:
Toronto. ; Secretary, F. W. H. Jacombe, Department of the Interior, Ottav'vﬂ' i

CENTRAL RAILWAY AND ENGINEERING CLUB.—Toronto presidefy
G. Baldwin ; Secretary, C. L. Worth, 409 Union Station. Meets third Tues
each month except June, July and August. A

DOMINION LAND SURVEYORS.—President, Mr. R. A. Belanger, Otta%
Secretary-Treasurer, E. M. Dennis, Dept. of the Interior, Ottawa.

EDMON_TON ENGINEERING SOCIETY.--President, J. Chalmers:
ary, B. F. Mitchell, City Engineer’s Office, Edmonton, Alberta.

ENGINEERING SOCIETY, TORONTO UNIVERSITY.—President,
Mechin ; Corresponding Secretary, A. W. Sime. of

ENGINEERS' CLUB OF MONTREAL.—Secretary, C. M. Strange, 9 BeaV
Hall Square, Montreal. idents

_ENGINEERS' CLUB OF TORONTO.—9% King Street West. Pres! ning
Willis Chipman ; Secretary, R. B. Wolsey. Meeting every Thursday evé
during the fall and winter months. eapp’

INSTITUTION OF ELECTRICAL ENGINEERS.—President, Dr, G l-tﬂapﬂ.
Secretary, P. F. Rowell, Victoria Embankment, London, W.C.; Hon. Secre!
Treasurer for Canada, Lawford Grant, Power Building, Montreal, Que- =

INSTITUTION OF MINING AND METALLURGY.—President, Edgd
Taylor; Secretary, C. McDermid. London, England. Canadian mem e;mm
Council :—Prof. F. D. Adams, J. B. Porter, H. E. T. Haultain and W- H.
and Messrs W. H. Trewartha-James and J. B. Tyrrell. KE-

INTERNATIONAL ASSOCIATION FOR THE PREVENTION OF SMO
—Secretary R. C. Harris, City Hall, Toronto. < gtands

MANITOBA ASSOCIATION OF ARCHITECTS.—President, W- Fing

awa i

rick

gecret®
F. C

-

Winnipeg; Secretary, R. G. Hanford. tary”
MANITOBA LAND SURVEYORS.—President, J. L. Doupe; Secre
Treasurer, W. B. Young, Winnipeg, Man. Mines:

NOVA SCOTIA MINING SOCIETY.—President, T. J. Brown, Sydney
C. B.; Secretary, A. A. Hayward. 7.5
NOVA SCOTIA SOCIETY OF ENGINEERS, HALXFAX.—Presider;fbﬂiw,

MacKenzie; Secretary, A. R. McCleave, Assistant Road Commissioner”

Halifax, N.S
ONTARIO ASSOCIATION OF ARCHITECTS.—President,
Ottawa; Secretary. H. E. Moore, 195 Bioor St. E., Toronto.

identr
ONTARIO PROVINCIAL GOOD ROADS ASSOCIAT!ON-'—'P"';S‘#S;:

c. p. Meredith

Secretary-Treasurer, G. S. Henry, Oriole. obies
. ONTARIO LAND SURVEYORS' ASSOCIATION.—President, J- s. D
Thessalon; Secretary, L. V. Rorke, Toronto. ldiﬂ"

TECHNICAL SOCIETY OF PETERBORO.—Bank of Commerce Btlli
Peterboro. General Secretary, N. C. Mills, P.O. Box 995, Peterboro, ON .Booth'
THE PEAT ASSOCIATION OF CANADA.—Secretary, Wm. J. w.
New Drawer, 2263, Main P.O., Montreal. cary
PROVINCE OF QUEBEC ASSOCIATION OF ARCHITECTS.—Secr®

J. E. Ganier, No. 5. Beaver Hall Square, Montreal. i Ont:
QURBEN'S UNIVERSITY ENGINEERING SOCIETY.—Kingstom
President, W. Dalziel ; Secretary, J. C. Cameron. Reﬂi“‘:

REGINA ENGINEERING SOCIETY.—President, A.J. McPhersom:
Secretary, J. A. Gibson, 2429 Victoria Avenue, Regina. ! H- o)
ROYAL ARCHITECTURAL INSTITUTE OF CANADA._PreS!deﬂt'e ¢ pall
Russell, Winnipeg, Man. ; Hon. Secretary, Alcide Chausse, No. 5. BeaV
Square, Montreal, Que.
ROYAL ASTRONOMICAL SOCIETY.—President, Prof. Loui!
Toronto ; Secretary, J.R. Collins, Toronto.
SOCIETY OF CHEMICAL INDUSTRY.—Wallace P. Cohoe, ch
Alfred Burton, Toronto, Secretary. L UN)-
UNDERGRADUATE SOCIETY OF APPLIED SCIENCE, McGIL
VERSITY.—President, W. G. Mitchell ; Secretary, H. F. Cole. puﬂ“g,'
WESTERN CANADA IRRIGATION ASSOCIATlON.—Presideﬂti‘m, | 2
Marshall, Edmonton, Alta. Permanent Secretary, Norman S. Ran
Box 1317, Calgary, Alta. cary?
et Nield; S€e*5 cept
WESTERN CANADA RAILWAY CLUB.—President, R. R. Nie i exce!
W. H. Rosevear, P.O. Box 1707, Winnipeg, Man. Second Moo ays
June, July and August at Winnipeg.
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