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THE GARRISON CREEK STORM OVERFLOW SEWER
IN THE CITY OF TORONTO.

By RAY R. KNIGHT, C.E.”

The occurrence and recurrence of flooding during heavy
“Storms, due to the inadequate provision of sewers in
Many pargs of Toronto, necessitated a complete system of
St.°rm relief sewers. The sewer department of the city en-
8lneer’s office took the matter up and a scheme was laid
OWn ang estimates provided for the purpose of putting a
Y-law before the ratepayers on January 1st, 1QTI.

Tain

is intersected at intervals by natural creeks running from
north to south in more or less direct lines, the notable excep-
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tion being Rosedale Ravine,
I which follows a southeasterly
course to the Don. Steps
were not taken in the past
for purposes of

main sewerS, these natural

: he scheme, which has been partly carried out, follows KJ
Mainly the lines of the original lay-out. Some deviations, (s —=li) creeks, excepting the Garri-
OWever, were found advisable when details and construction - _][_1 son Creek and Rosedale
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the dlly Tising, fairly even surface from Lake Ontario at
South the ridge about 224 miles north. The surface

* (.
Sine Chief designing engineer, Sewer Department, Toronto.
Wilj,, "Tting this article Mr. Knight has gone to Fort
m, nt., as city engineer.

streets running north and south.
sewer, however, provided a good example of the treatment

The Garrison Creek

which could have been adopted in other parts of the city,
with King, Queen, College and Bloor Streets as intersecting
parallels. The Garrison Creek sewer is, at the present time,
inadequate for the removal of the storm water from the
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firainagé area which has from time to time been extend-
g }?Oth northerly and westerly. The outcome being the
acking up and flooding of the parallel intercepting sewers,
*mselves much overtaxed, and the consequent flooding of
butary sewers.
Relief had to be provided 'before the northerly areas
# i: developed fmd sewered. It was,.there.fore, t:lecided to
nOrtI‘;e the Garrison Creek sewer at its bifurcation to the
east and northwest, just north of Arthur Street.
of th"; is tl.l‘e intention ‘of this article to de'scribe the design
1S relief sewer, called the main Garrison Creek storm
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including all drawn in. It was found that 45 minutes was a
fair average for concentration in the intercepting parallels,
and that being the case, reference to the chart will show that
a rate of 1% inches per hour is indicated on the curve drawn.
This rate was taken in all calculations for the storm sewers.

Rate of Absorption.—The rate of absorption was fixed

.arbitrarily for certain areas of the city from general know-

ledge of the localities, based upon a series of actual surveys,
made for the purpose of ascertaining the proportional rela-
tion of impervious to pervious areas. The result of these
surveys is given below:—
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Fig. 8.—Weir Chamber, Argyle Street.

Qverﬂ
0 !
W Sewers.  Sections I, 2:and 3.

ticulaI: OTder to design the relief sewer the following par-
(x; ad to be ascertained :—

7 he existing and probable drainage area.
Daralll .The locations, elevations and drainage areas of
' (e Mtercepting sewers.

€ rate of precipitation.

he rate of absorption, etc.

he probable discharge due to heavy rainstorms.

®e  Area.—Fig. 1 shows the drainage area with

ed relief sewers. ;

Of Precipitation.—In order to fix upon a rate of

in°;“Which provision would be necessary, the diagfam

are 18. 2 was prepared. The heavy rainstorms since
Plotted by ‘““diamonds’’ on this chart, and a curve

(4)

Ls)
raip

the D"°Do:

Impervious Areas—Toronto.

Population Impervious

per acre. Remarks. area.
19 Open, good property .19
24 Shops and old dwelling's .43
25 Good new property 21
30 Good new property .19
30 Good property, small gardens .37
36 Good new property .37
37 Good new property .36
42 Good new property, large gardens .26
50 Ordinary terrace houses .36
55 Good new property "3
6o Good new property .33

65 Old terrace houses .43
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- Discharge Due to One and One-half Inches Rainfall.—
he diagram shown in Fig. 3 was prepared showing the dis-
farge in cubic feet per second at all points along the line
of the Proposed storm relief sewer, due to a rainfall of 1%
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receives additional discharges until at its outlet a capacity
of 1,296.90 cubic feet per second is required.

Generally speaking, grades are good, and give high ve-
locities—much above the orthodox sewer requirements.
However, these sewers are ‘idle most
of the time, so that matters of wear
and tear, due to high velocities, do
not figure.

Starting at the lake (south end)
at the 04 0o of Section No. 1, a head-
wall is provided for the ro-ft. 8-in.

N, Larsting Manhole

by ro-ft. 8-in. arch and invert culvert.
This headwall with the apron is not
designed as a permanent structure in
view of a probable future extension
into the lake to the sea-wall limit.
Fig. 4 gives the details of headwall and apron. Fig. 5
shows the type sections adopted in Section No. 1. The flat
top section was necessary in order to pass under the railway
tracks and to get a minimum 4 feet of cover from top of
sewer to base of rail, as required by the Railway Board, order
No. 13404.

With the exception of the portion across the railway
tracks the culvert was designed for tunnel work, and is be-
ing executed in that manner.

At King Street the high level interceptor had to be
crossed, and special invert castings provided in order to
keep grade in both sewers.

The existing sewers and proposed relief sewers
draining into Section 2 presented difficulties which
have been overcome in the manner shown in Figs.
6 and 7.

Fig. 6 shows the type of culvert adopted in this
section of the work. From station 11454 to 23473
it will be seen that a small sewer is ‘‘tucked in’’ the
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Teliog °SIZn of the Relief Sewer.—At the point selected for
the existing Garrison Creek sewer it was found that
'y equal to 945.76 cubic feet per second had to be
Y the relief sewer which, on its course to the south,

Quang;
takey

S WP 5
i

hus Gracte 8 be constant from tlev 6946 & e
Junchon mith ewshng Queen S- Semer

wall of the culvert. This sewer has a flow in the same direc-
tion as the culvert, but as at a smaller grade. The type
shown is for tunnel execution, the complete arch section of
the top exterior being the main feature. At Queen Street
(see Fig. 7) two syphons had to be constructed to take the
sanitary sewage across the line of storm sewer. The grade
of the existing Queen Street sewer did not permit of a suf-
ficient hydraulic head being given so that excessively large
diameter syphons had to be designed so as to permit any
undue loss of head. A small overflow chamber is shown
relieving the Queen Street sewer at this point.

At Argyle Street and Shaw Street (the end of Section 2)
a large weir chamber is provided, as shown in Fig. 8. This
is the overflow chamber for a proposed intercepting com-
bined sewer, the sanitary flow from which is taken in the
small sewer in the wall of the culvert to Queen Street and
discharged there into the existing sewer via the syphon (to
the north) shown in Fig. 7.



456 THE CANADIAN ENGINEER

Section 3 completes this sewer and comprises a culvert,
as before, with an overflow chamber at the existing Garri-
son Creek sewer. This chamber is shown in Fig. 9. The
outlet of the existing sewer is throttled by adjustable stop-
logs, so as to prevent any excess of storm water passing
down. The sanitary sewage is prevented by the weir from
running into the storm overflow sewer. Provision is also
made in this chamber for a future sewer, which will parallel
the existing one from the north.

Contracts for the whole of this work have been let and
work is in progress all along the line. Tunnelling is gen-
eral throughout, although it is probable that the north end
of Section 3 will be executed in open-cut on account of made
ground which is revealed by the borings.

Alternative tenders were called for brickwork arch, con-
crete arch of same dimensions as brick, and reinforced con-
crete arch. In every case the concrete arch (without rein-
forcement) was adopted as lowest in cost.

The borings throughout gave indications of good hard
clay. = In Section 2 water was revealed in small quantities
and shale is reached.

The total contract cost of the sewer, which is 6,009 feet
long, is $318,000.

Provision of the sum of $125,000 has just been made for
the paralleling of the existing Garrison Creek sewer from the
north end of the work described here to Bloor Street, com-
pleting the necessary relief and connecting up the whole

system of storm overflow sewers for this particular drainage.

area.
—-——————

CANADA’S MINERALS.

The production of the more important metals and minerals
is shown in the following tabulated statement in which the
figures are given for the year.

Increase
1912 or decrease
Quantity. Value. in value.
Copper Sl dtn il Lbs. 77,775,600 $12,709,311 +$ 5,822,313
Qold s soiicimide e we Ozs 607,609 12,559,443 - 2,778,366
Pig drom ... ..o, *Tons 1,014,587 14,550,999 + 2,243,874
Yead ... .........Lbs. 85,768,476 1,597,554 + 769,837
Nickel . .. .......Lbs. 44,841542 13452463 - 3,222,840
Bilver . .. ........Ozs. ' 81,931,710 19,425,656 - 2,070,384
Other metallic produets ........ 982,676 -+ 571,344
WOLAYL svite ol (LA, $75,578,102 +$17,478,958
Less pig iron  credited ;
to imported ores .... 987,232 14,100,113 4 2,406,392
Total metallic .. $61,177,989 415,072,566
Asbestos and asbestic
o 5. T ST v ey Tons 131,260 2,979,384 - 36,276
Coal . .. .........Tons 14,699,953 36,349,299 - 9,881,653
QypEntd. Il Tons 576,498 1,320,883 + 327,489
INBEUTAl ) ga8 s o5 8 il T sl 2,311,126 -+ 393,448
Petroleum . . . ....Brls 243,336 345,050 — 12,023
R S 95,053 459,582 16,578
Cement ... ......Brls. 7,120,787 9,083,216 - 1,438,679
Clay products ........ St (N 9,343,321 4 983,388
NG s o Vi by Bush. 7,992,234 L717,771 4+ 200,172
BLONE e i g ey o G araai 4,675,851 4 347,094
Miscellaneous non-
metallic . . . /s b bisale 3,364,017 + 1,221,175
Total non-metalliec.. $71,949,500 --$14,833,929
Grand total ...... $133,127,489 $29,906,495

*Short tons throughout.

- We found that, in the meantime, a Jayer of ice had for™ the

Vohjme 24-

CONCRETE IN RAILROAD WORK.

The railways of Canada, in their yearly expansion i
road buildings, have had, among other things, to add to
each year’s expenditures for concrete work. In a paper be-
fore the National Association of Cement Users, at Pittsbur8
Mr. M. S. Long deals with the use of cement by the railways
as follows :—

“Concrete in Railroad Work,” is a subject so broad tha
it is difficult to tell where to begin. Concrete, to this gener®”
tion, seems a new material, but history tells us that it 15,3
very old one, having been used in the Roman baths and 1
concrete bridges still in use in Italy, which were built 1,5%
years ago.

For many years the secret for making concrete was *© g
but concrete is now used probably more than any other b“"‘ d
ing material, and is considered, by some, as being infamb,
and a substitute for every other building material; but*
must be given proper treatment or it will be sure to Ca“s:
trouble. The railroads, which are, to my mind, the maste
builders, are using millions of barrels of cement every year
and each succeeding year sees them using concrete for
greater number of structures. ;

‘Concrete, properly used, is perhaps the most permafle’i’
building material we have in use to-day, but because it
such, and because the railroads are really in their infad a:
there are some structures they hesitate to make too Pefmc_
nent. As stated before, we have examples of concrete :5““
tures 1,500 years old. Compared to that, the first ralll'oi
station in Chicago was built near the junction of the pres®
Canal and Kinzie Streets, in the fall of 1848. That was ono
64 years ago, and perhaps that building  would be gOy
enough for use to-day, had progress not caused it to P€ ro
placed many times by larger structures, better adapte

lOSts

.the handling of the increased business—even in 12 years

5
depth of our engine houses has increased from 75 feet t© gt

feet, and now we are making plans for a house 115 o)
deep. And so, in building our railroad structures O g =
crete, though we feel that they should last even longer s
the 64 years referred to, who can say that they Canew
operated economically even 25 years hence. Therefore, -
it not for the demands of progress, I believe that the The
jority of all buildings would be built of concrete; but i
tearing down of concrete is difficult—therefore, expensad_
and wasteful, because the salvage cannot be re-used 0
vantage. 4

For foundation work, concrete plain or reinforce ,t .
almost always used, because for that character of work 1
cheaper, stronger, more flexible and can be built in a $b?
time than with any other material.

{ : ; 5 0

We have used it for coaling stations, where 800 t‘:zr o
coal is stored over main tracks, and for this charaC

building it is very satisfactory.

We have used it for water tanks, where a large
is desired and high pressures are needed.
three tanks of 100,000 gallons capacity, and with o i
them we had considerable trouble. This tank is 24 f€° the
diameter, 8o feet high, and not only furnishes water or
engines but is our supply for fire protection. From the,s 0
of rail to the water line in the storage compartment lﬁlled
feet. This tank was finished late in December, and wasleted:
to within 4 feet of the top a few days after it was cOmP™ g4
and on the day it was filled the temperature fell to ’ero'take
so happened that orders were not isswed for engines t© Ilcd'
water at this tank until about two days after it Was

storﬂge

2 " % * q n
it being about 18 inches thick around the sides but lr
centre it was not more than 1 inch thick. The wate

it
We have buof .
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Used until the gauge showed the tank empty, and about this
Uime the weather had moderated and the ice fell. In break-
Ing loose, it tore the waterproofing off and this allowed the
Vv:a.ter to percolate through the walls and freeze on the out-
Slde—the jce collecting in chunks weighing a ton or more.
hen the weather moderated, this ice fell off and we found
t!‘at the walls were damaged very little, and with an applica-
tion of Waterproofing on the inside and a coating applied to
© exterior with a cement gun, the tank held water satis-
actorily, and we have had no trouble with it since.

From the experience we gained, we would recommend
that concrete structures of this character be coated inside
and outside with waterproofing, and be allowed to cure be-
OTe water is put in. Our trouble was caused, no doubt, by
the concrete not being protected until it had thoroughly cured,
a0d as there was still moisture in it when the zero tempera-

T® struck it, the water in the concrete froze, and when it
awed it left pores through which the water could escape.

.. The other two tanks are 53 feet high, and we have two
Teinforceq concrete reservoirs, 55 feet in diameter, 12 feet
18D, built on the ground—the latter each hold 200,000 gal-
°0S and are giving satisfactory service. They are, each

0 i .
D€, coated inside and out with waterproofing compound.

.‘hot Wﬁ have built reinforced concrete cinder pits, where
’ Cinders are dumped and then drenched with cold water.
“ST€ we find that concrete must be faced with vitrified brick,
::'alternate heat and cold cause it to spall. We have tried
.08 slag ag substitute for stone in these pits, and find

an improvement, but it is not altogether satisfactory:

a We have built pump houses, where the pumps are placed
b Water-tight compartment below the watér level on the
Outsige,
t alAi&lso, subways for passen.gers.g'oing. from one platform
e Other. . The one I have in mind being below th.e water
Wapa, ° that it was necessary to waterproof against the
by . Pressure. In this instance, we kept the water down
,%Ip“mping and laid a cinder concrete base to receive the
comenllbrane” method of waterproofing.  After the work was
ﬁgu:ezted' the water developed a greater heat.i 'than we had
foung iy s leaks developed. : In repairing them we
Coa] .that the cinder concrete, which was made from soft
oth..'ders, had not set up. We have since learned that
it, :rs have hag experience similar to ours, and upon testing
Suly ¢ find th.at the soft coal cinders c01:1ta1n a g;eat deal of
are t]:lr This is not true of hard coal cinders, and the latter
=€ only kind that should be used in concrete.

e a € have built one reinforced concrete engine house, as
'€ reasonably sure that this structure will be permanent,
-~Wou1we used a wood roof, as we felt that the escaping steam

‘ondense on the cold concrete ceiling and drip off on

i
€0gine jackets.

i8¢0y € have buyilt a reinforced concrete grain elevator for the
a

8¢ of grain, and although the concrete was mixed rather
ur; We had considerable trouble with dampness. at times
g harg, steady rains. We applied waterproofing to the
Tom ; of the walls and since that time have had no trouble

| Ampness,
Ware B are‘ now building an eight-story reinforced concrete
Drogg 2Use in New York City, and do not expect to water-
. ¢ exterior walls above the ground line in any way, for

fy) e.le"e that in a structure of this character that by care-

Place {Xing and careful placing and working the mass into
It can be made sufficiently waterproof of itself.

‘Ray U Conjunction with the Lake Shore & Michigan Southern

is pr:c};: we built a passenger station.at Gary, Im'i., .WhiCh

sign Ically all concrete. The building is .Cla:551c in de-

t:nd the lines and shapes are the same as if cut stone
€ the material used.
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During the past year we found that we could buy watch
boxes and telephone booths, of reinforced concrete, cheaper
than we could build them of wood, and we have now adopted
the concrete ones as our standard.

In making plans for some small shop buildings, within
the past year, we specified wood construction, also steel
frame covered with metal lath, plastered both sides with
cement mortar, making the concrete wall, approximately two
inches thick, and were agreeably surprised to find that the
bids for the steel frame and concrete were as cheap as the
wood construction, and, of course, concrete was adopted.

In our track elevation work at Chicago, concrete is the
principal material used, and the results obtained are very
satisfactory, and the design and general appearance of that
part of the work through the parks has been very favorably
commented upon by the Park Board.

There are many reasons why concrete is chosen by the
railroads in preference to other materials, some of them be-
ing as follows:— ‘

1. Its rigidness, especially in buildings containing ma-
chinery.—Vibration in a properly constructed concrete build-
ing is negligable.

2. Its low cost of maintenance.—With a good concrete
structure the maintenance should be very low, as the struc-
tural parts should last indefinitely.

3. Its fireproofness.—We consider our reinforced con-
crete structures so nearly fireproof that we carry little or no
insurance on them. We do, of course, carry insurance on
the contents,

4. Its waterproofness.—Reinforced concrete, when pro-
perly mixed, can be made practically waterproof against
small pressures. It should be mixed wet and well worked
into place to obtain this result,

5. And perhaps most important, is the cost.—Compared
to a structural steel fireproof building, its cost is lower but
it is more expensive than ordinary mill construction, and
it is up to some of you to design a flexible form that will
help cheapen the cost—a form that can be used over and
over again and flexible enough to fit any wall or column.

There are a number of other things that you, who are
making a life work of concrete in its various phases, should
give consideration. Tt would be universally used as a wear-
ing surface for freight house floors, passenger platforms,
etc., were it not for the fact that its surface is so likely to
become chipped and broken, and once broken it wears very
fast. We are now making some tests with ironite worked
into a rich mixture for wearing surface, and while this in-
creases the wearing qualities; it is not as satisfactory as we
would like. We also find that concrete floor surfaces dust
badly, and it is necessary to resort to the use of linseed oil
and shellac, or to hot silicate of soda, which eliminates the
dust for a time,

Another adverse feature of concrete is contraction cracks.
As concrete cures it has a tendency to crack, and this gives
1t the appearance of having veins, especially so where mois-
ture has had a chance to enter through these small Craf:ks.
Where the mass of concrete is waterproofed this is a serious
proposition, and we would like very much to have this prob-
lem solved, as I am sure many more buildings would be
constructed with a concrete wearing surface, were it not for
the fact that these incipient cracks ruin the appearance of
the structure. A great deal of this is, no doubt, caused by
finishing the surface with a very rich mixture—should it be
necessary to patch voids in the surface we specify that the
mixture should be no richer than the mass. We specify our
concrete surfaces to be finished by rubbing with a concrete
brick. We also find that where cracks occur the moisture
entering the mass starts a chemical action which results in
the surface being ruined by efflorescence.
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Another step forward in the use of concrete would be to
make it in colors. This does not mean by painting, but the
coloring matter should be mixed, or probably ground, with
the cement, and great care must be taken to get each batch
properly proportioned. This is only a suggestion, as chemi-
cal action may make this a hard problem to solve.

I have tried coloring on two different structures. This
coloring was brought about by the use of sand. On one
structure we used a sand that had a reddish-brown tinge—
this gave a rich, warm buff color. On another structure we
used a sand similar, except that it was lighter, and this gave
a color a little darker than cream. Am quite sure that con-
crete will have many more friends, especially in residence
work, when you can produce it in colors that are warmer
than its natural one.

Concrete is so lasting that you must be doubly sure to
get a pleasing design and, in my opinion, your success lies
in handling it in large surfaces. Don’t try for too much de
tail, such as you see in some structures built of cement

blocks.

These remarks are based on practical experience, and T
trust that they will help to stimulate the discussion of the
many interesting features of this broad subject.

.

ROAD CONSTRUCTION.

Ontario, more so than any of the provinces, has spent
money and endeavored to make its road system modern and
equal to present day traffic requirements. W. A. McLean,
Provincial Engineer of Highways, in carrying out of the
plans of the province, has had opportunities of studying and
knowing the requirements of roads in a way that makes his
report to the government particularly interesting. Writing,
as regards road construction, he states:

A perfect roadmaking material, or a single type of road,
possessing every desirable quality for service, durability, and
cost, has not been found, and from matural Teasons, cannot
be expected to exist. Roads must be adapted to the traffic
they are to carry, and since traffic differs greatly in charac-
ter, road construction must be varied accordingly. The pro-
blem in general is, to use local materials to the best ad-
vantage.

Motor traffic is leading to important requirements and
modifications, but gravel roads, and broken stone roads sub-
stantially as advocated by Tresaguet in France, and Telford
and Macadam in England, continue to be the mainstay of
road-building.

All roads are important and each deserves a type of con-
struction and system of maintenance in keeping the traffic
over it. Some roads have only an occasional vehicle pass-
ing over them; others may have an average of 1,500 vehicles
of all descriptions. Some carry light single-horse vehicles
principally ; others have a greater proportion of heavy team-
ing. The amount of motor traffic varies from roads which
have few automobiles to those which have a large number
of motors and few horse-drawn vehicles. A gravel road will
give good service to a considerable amount of light driving;
and an oiled gravel road will serve a very large motor traf-
fic if there is a small proportion of horse-drawn vehicles. A
water-bound macadam road is easily maintained under a con-
siderable amount of heavy teaming and light driving, but
if even a small proportion of rapid motor trafic is added,
the cost of maintenance is much increased; and if motor
traffic is of large amount, an asphalt or tar binder becomes
necessary, or a durable pavement should be considered.
Painting with tar or asphalt will give good service where
motor traffic is heavy, with few horse-drawn vehicles; but
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if proportions of travel are reversed a bituminous paint coat
is much less effective. These examples suggest some of the
factors entering into the design of a road.

Road Classification.—The roads of Ontario may, for 2
consideration of construction, be broadly divided into three
classes; ome grade merging into another, however, at the
arbitrary dividing line. It is estimated that in the organiz
counties of old Ontario there are 50,000 miles of road, an
a classification would be approximately as follows :

1. Trunk roads connecting the large

TOWNS AN CILIES ot os de mais waiabrs 5 A80or Mz 500 méleS

2. County or leading market roads .... 12% or 6,000 mfle"’
3. (a) Main township roads .......... 50% Or 25,000 m}les
(b) Secondary township roads ..... 33% or 16,500 mile$
Togalomyr eaba . 5 S N TR 100% Or 50,000 miles

In the foregoing classification, the roads described '35
“Trunk Roads” are, with the exception of a few connectin8
links, among the most important of the county roads, am
are heavily travelled for local market purposes, but they carty
as well an increasing amount of through inter-urban traffic.
The heavy and complex mature of this traffic requires, as 2
rule, construction of the most durable type varying from 2
concrete, brick, or other durable pavement to first-class mac
adam. The classes one and two, including trunk roads aP
leading market roads, thus include two divisions of what
would be the main county roads of the Province. Thes®
comprise 17 per cent. or 8,500 miles in all, which if pI'OPerly
selected and constructed should carry 8o per cent. of t 3
traffic of the Province. «

The main township roads comprise principally the con-
cession roads on which numerous farms front and which ¢0%°
verge into and create the traffic of trunk or county roa &
The more important of these should be metalled with gfa‘.'e
or broken stone, if available. Secondary township roads e
clude the little travelled connecting roads which should
graded and given such further treatment as circumStancef
may permit. The first need for the roads classified as tOW”
ship roads is thorough grading, draining and bridging, an
systematic maintenance with the log drag.

Gradients adopted, amount of camber or crown, Widtli
and depth of metal, foundation if any, drainage, binding mla
terial, and other details, should, as suggested, be large!
dictated by the degree of traffic. A good road attracts &
creates traffic so that the construction of any one road
very likely to raise it from one class to a higher grade,
matter which should not be lost sight of in planning e
provement. Methods of construction should be as Slmpor
and direct as proper results will permit. There shouk_i:
true economy, 'be a well adjusted average between maxim?
service and minimum cost. P

Trunk Roads.—Broken stone roads of the best Cl:re
have been reduced to a few well-defined types, through ™

! : ; anys
than a century of experience in England, France, Germwell’
and on this continent. The true macadam road has 2 red

sp

defined and crowned earth sub-grade, over which is S pes
a uniform coating of finely broken stone of about 2% i8¢
diameter. The Telford road has a foundation of flat quaing
stones, placed by hand, on edge, the angular points be

chipped off by hammer and wedged into the intersticesj ke

over all is spread a coating of finely broken stone, in tf et
ness about one-third of the total depth of the stone SYf ath,
The earth sub-grade is flat and larger stones are used at e
centre of the road, with smaller at the sides, to give thence,
sired camber. The roads built by Tresaguet in e
were substantially the same as the Telford road aw 25
usually included with it. In the former, the sub-grad¢ A

cambered, and the foundation stones of uniform dept
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distinct ty

pe of foundation is that developed in Massachus-
€tts in w

" hich there is a slightly V-shaped sub-grade with a
. 18 of cobble or field stone, a method which is claimed to
glv.e Mmore effectively than other types, a desirable under-
Tainage,

EXQeriellce has shown the superiority of roads with a
ndz}txonn, such as the Telford type, in reducing the cost
or::alntenance qnder h.eavy tr‘aﬁﬁc. Settlemgnt is more uni-
Ural’ and d.efe.ctlve drainage is l«.ass destructive. If the ma-
g sub-soi] ig strongly sugportlng, such as a .dry, w.ell-
¥ COnted 8ravel, the foundation may be omitted with saving
foundSt.' Whether the Telford or Mz.tssach.usetts type of
) atlon be allowed, the local material suitable for either

uld largely govern,
.he width of roadway between gutters or drains, and
ey ‘dfth of stone should be gl.lidec.l by the amount 'and char-
i : tr‘afﬁc, a'nd should ordinarily be less in strictly rural
nlinini S, mqeasmg as roads converge into city streets. A
With um “{ldth of grade for trunk roads should be 24 feet
i S?letal in t‘he central 12 feet, and .eart.h.or gravel should-
iy fex feet wide on each side. Maintaining shoulders at
i et, and. a maximum width of metal at eighteen feet, the
Mum width of grade need mot exceed thirty feet.

fOu
of

t

the v

astThe camber on roads of heavy travel should be the
Possible, comsistent with good surface drainage, factors
in 2 considered .being the quality of road metal, class of
With > and gradient of the road. As' is well known,. roads
wheelat sharp cro?vn encourage travel in Onn.e central hn‘e of
Wear “tracks, while a flatter surface permits more uniform
& harq rock such as trap, or a bituminous binder, re-
1128 less camber than sgft mater.ial and an inferior binde.r,
the w}fl Steep grade requires an increased camber to drain
Bivey, eel tracks. Trunk roads of the best class may be
t an average crown of one-third or one-half an inch per
Tom centre to gutter.

o :‘"’“ty or Main Market Roads.—‘—Roads of this class cam-
°thers a rule follow closely ]:“:ngllsh, ‘Frgnch, German,. or
r Standard, but must be built with a view to the part1c1{‘

U®eds of this continent, and of the locality. The immedi-
feed is 5 long mileage, to be built as rapidly as pos-
spa:s’ethTOUKh districts where population is comparati\{ely
Matey:. often ‘where there may be little or no .road-ma_klng
Mal, ang the available expenditure necessarily restricted

by
th‘ese and other conditions.

Sible turopea;n engineers would, undoubtedly, if it yvere pos-
aﬁollsog'ﬁconstruct many of their roads, lay d{eu'x with f.ound-
on 4. Ut the cost is prohibitive. No more is it practicable

1s continent to build any but the most heavily travelled
depes With expensive foundation. Instea‘d, i't is mecessary to
Sub.g,: On good drainage, carefully maintained to keep the

Ol dry ang strong enough to sustain the road surface.

Quir,

foq

te

St ::;ad‘b?ds should have sufﬁci.etnt. drainage .for the sever-
the Ras Whlc.h in northern countries is that period of thav'v in
3 by Y spring, lasting usually for two or three viveeks; just
an, wiges have to be strong enough for the maximum load,
Soj] e Wate‘rway enough for the maximum freshet. If sub-
Of the mage is sufficient for the test of spring, no break-up
T0ad crust meed be feared at other seasons. v

Tailwoald Sbecifications for roads built 'before the per.iod of
€ac s};dconﬂﬂmtion in Ontario, required open drains on

€ cro € of the road, with bottom at least two feet below
ang W0 of the road. In most cases the drain was deeper;
filg, S Or spouty places were under-drained with trenches
timg :mh field stone. Such roads have stood thg test of
quiréd 14 may be accepted as the standard of' drainage Te-
the bl T the north; except that tile under-dralns‘are taking,
ACe of open ditches where they would otherwise. be dan-
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gerous, unsightly or difficult to maintain. Drains of por-
ous farm tile keep the sub-soil at its driest and prevent un-
even settlement of the road crust into mud which is as de-
structive to a road when below the surface as when on the
surface. Some counties of Omntario are using tile drains the
full length of all their roads. Others use them only on wet
and spouty hills; on level land which is exceptionally wet
and retentive; and where the open drain would otherwise
have to be dangerously deep to give sufficient fall and out-
let. In the last case, the tile may carry some surface drain-
age, receiving it in catch-basins.

Closely associated with drainage is the grading of the
road. Before a road is surfaced it should be brought to
grades that ensure permanemce. Hills should be cut down,
low places filled, and the earth work brought to a substantial
turnpike. The road surface will need renewal, but the grade,
if properly made, will outlast even the bond issue. On roads
of a secondary class elaborate surveys are unnecessary. A
good foreman can obtain easy flowing gradients by grading
from point-to-point, and would probably disregard stakes and
profiles except in cases of extensive cuts and fills, mew loca-
tions, tile drains, or doubtful surface drainage, which should
always be staked by an engineer.

Roads laid on an earth foundation should be given a high-
er crown when newly constructed, than is desirable for perfect
condition. Settlement will assuredly occur, and unless the
road is too high to begin with it will become too flat. A
road of a secondary class which in two or three years has
settled to the desirable camber will give the greatest degree
of durability, with least expense for maintenance. One inch
to the foot from centre to gutter or edge of shoulder, for a
completed, rolled road, will meet ordinary conditions; with
a circular cross-section, the greatest part of the fall is on
the earth shoulders.

The cost of a road, unless earthwork and drainage is of
an exceptional kind, will depend on the width and depth of
broken stone used. Wide flat roads are desirable, but nar-
row roads with a good camber cost less to build, and much
less to maintain, unless a highly organized system of main-
tenance is created. For this class of road and earth grade
twenty-four feet wide, shoulder to shoulder, will meet most
conditions; but may be reduced to eighteen or twenty feet
for least traffic. With shoulders six feet wide, the stone is
put on from eight to twelve feet wide.

The consolidated depth of metal on roads is based on 8
inches for a moderately strong clay or sand sub-soil. This
is modified according to the anticipated amount of traffic and
quality of stone to resist wear; the maximum concentrated
wheel loads; local tire widths and wheel diameters; bond of
road metal and consequent distributing effect of the stone
crust; the supporting strength of the sub-grade and oppor-
tunity for drainage.

Bituminous binders may be justified on heavily travelled
suburban or motor roads of this class, but present practice
in Canada tends to oiling as a preservative and dust pre-
ventive, owing to the less first cost of water bound macadam.

Township Roads.—Reduction of cost to meet township
conditions requires that townships have as their ideal, the
cheaper class of roads adaptable for main county roads.
Grading is cheap, and should be perfected before metal is
applied. Neglect to provide easy flowing gradients, and to
sufficiently drain and turnpike are mistakes fatal to amy
road. Minor municipalities can make no mistake in creating
the perfect earth road as their ideal base for such metal sur-
facing as their resources will permit. An earth-grade from
eighteen to twenty-four feet shoulder to shoulder should be
made, and a single track laid eight feet wide, of gravel or
broken stone.
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Binder.—The durability of a road is largely dependent
on the binder, and the cementing qualities of the stone dust,
in producing a waterproof surface,—if tar, asphalt, rocmac
or other special binder is not wused. Stone screenings are
more preferable than sand. Very rarely can gravel or sand,
sufficiently clean, coarse and sharp, be found to make
a binder equal to limestone screenings. The superior
cementing qualities of limestone, make it a better road metal
than its degree of toughness would justify. Limestone
screenings are also exceedingly useful with water washed
gravel, or with broken gramite or trap, all of which are de-
ficient in good bonding qualities.

Coursing Stone.—A uniform grade of stone, rather fine,
is desirable in finishing the surface of a road, and is neces-
sary where a very hard stone such as trap is employed; but
this may be sought at considerably increased cost, and is not
always necessary to suitable results. It adds to the cost of
a road to spread the stone in several layers. Municipalities
using portable crushers particularly, will find a rotary screen
with two sizes of mesh very satisfactory. This will pro-
duce, (1) “Tailings,” or the stone too large to pass through
the screen; (2) the middle course, a uniform grade to form
thé main body of the road; and (3) screenings to bond and
finish the surface. The tailings should be spread in the bot-
tom of the road, and covered to the required depth with the
uniform grade; and this, after rolling, may be lightly coat-
ed with screenings and rolled. If a very tough stone such
as trap, the screenings may be such as will pass a one-half
inch mesh, or a one inch mesh if limestone; and the uniform
grade of stone may be two inches for trap, and two and one-
half or three inches for limestone, with the screenings re-
moved. Crushing and handling are cheapened by the sys-
tem, and for water-bound roads, a smooth surface results.

Trap or other tough rock brought from a distance by
rail in preference to the use of soft local material, is justi-
fiable for surfacing heavily travelled main roads; but it is
a safe rule, if applied with discretion, that local material if
it ‘exists, should be wused.

: Cravel Roads.—Gravel in general is inferior to broken
stone as a road material, but if of a reasonable quality, is
suifable for township roads, and for many county roads but,
unless of exceptional quality, is deficient for extremely heavy
traffic. ' The rounded pebbles do not take the mechanical
clasp that pertains to fragments of broken stone, while the
sand which it usually contains is not equal to stone screen-
ings as a binder. It may contain lime or iron, improving its
bonding qualities, but as a rule it is mot water-proof, and
ruts readily in wet weather, especially if it contains sand,
clay or loam in excess.

The best quality of gravel is of varying sized gr;n up
to 2z inches in greatest dimension, with only sufficient fine
material to fill the voids between pebbles. It should be clean
and made up largely of a uniform grade of pebbles—quali-
ties rarely found in natural pit gravel. Gravel pits contain-
ing a mass of large stones and boulders should be treated as
rock, and put through a crusher. Gravel which is not
coarse, but which is ““dirty’’ or contains fine sand, should be
screened to remove the excess of sand or clay. A rotary
screen may be used, operated by steam power. The gravel
can be drawn in wagons to an elevated platform, dumped
into a hopper from which it passes through the rotary screen,
and from the screen to an elevated bin, from which the
screened gravel is again loaded into wagons to be taken to
the road. By means of the elevated bins the expense of
shovelling into wagons is saved, the time of teams and team-
sters is saved, and a well arranged plant will, under favor-
able circumstances, pay for crushing and screening. This
is particularly the case if a pit near the work can be wused
rather than to team better material a long distance.

" traffic, Without rolling, roads demand attention for oné
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Methods.—The methods of construction will largely de-
termine the cost. Machine work is cheaper tnan manual 13
bor. The cross section adopted should, therefore, permit the
maximum amount of machine comstruction. Particularly -for
the cheaper class of roads, the grading machine, in: treatin8
with old locations, should do most of the earthwork, supple
mented with wheeled and drag scrapers. A cheap and g9°
plan is to make the earth sub-grade, shoulder to shouldef
between ditches, almost flat, or with a central rise of about
three inches for a 24 foot grade. When this is rolled, t_he
stone is spread to the desired width in the centre, then with
the grading machine, earth is drawn from the shoulders
support the stone, thus completing the camber. The ston®
is first rolled dry to level and partly compact the surfa‘{ei
the screenings are then spread, sprinkled and rolled til

-consolidated. To grade the road and then excavate a €€

tral channel to receive the metal is a more expensive metho®
and is apt, for roads without a foundation, to place the stoné
too low for good drainage, producing what may be terme‘? ¥
“water-logged” road. Instead of the camber and turnpi&®
being high enough to allow for settlement, it is apt t0 be
made too low and flat. ; -
Rolling.—As distinguished from earlier road-makm.gt
modern construction has been largely influenced by machi®
ery, especially grading machines, rock crushers, and f°"'l
rollers. The smaller municipalities of Canada commoﬂ’;
use graders and crushers, but the purchase of a steam rolle
is too often delayed. It is to be pointed out that the cost %
a roller is by mo means an additional expense, since rol
effects economy in several ways. Coarser stone can be use'
in a road that is rolled, so that the cost of crushing is l:et
duced. With coarser stone, the road is stronger to I€S!®
wear, and is more securely bonded than if first rutted 2%
mixed with mud. Less stone is required in a rolled road, 2
loose stone is largely forced down into the mud before !
surface becomes waterproof, or is knocked to the ditches

two years, to rake the stone to place from time to time; the
earth shoulders have to be restored and levelled where cut ug
and destroyed by traffic, new material has to be added g
fill hollows and ruts. By rolling the sub-grade, the wet b
weak spots are developed, which can be drained or filled f"l 1
earth and again rolled to produce a uniform foundat‘o,n;
thereby reducing the stone which the road would othefwls._
absorb. Long lines of loose stone left for traffic to cons’
date are a most objectionable obstruction to travel, 3%
bring road-building into disrepute. Omn the other han%
road built with a heavy roller is a complete work, in pe
condition when finished. Rolled roads are a revelatio? .
those who have been accustomed to and who expect only on
time methods and results. For both economy, service, &
to popularize the work, rolling should be regarded as €%
tial for every class of gravel and stone roads.

— e
The process of melting abstracts or renders la“mtia
definite quantity of heat, and it is the loss of this heat is
the melting of ice that gives it its refrigerating value.
heat, which is used up in the melting of ice, is the
heat of fusion of ice, and it amounts to 142 heat units
pound of ice. When one pound of ice changes to water oL
heat that is abstracted is equivalent to what would eheif'
quired to raise one pound of water 142 degrees Fvahl"’“r o
or required to raise 142 pounds of water one degree Fa
heit This quantity of heat is considerable, and acco
ice being a better cooling agent than ordinary cold ; ice
or even water at 32 degrees Fahrenheit. One pound © one
in melting has, therefore, 142 times the cooling value ©
pound of water in passing from 32 degrees to 33 9°
Fahrenheit,

Jatent




,saskatchewan River.

March 20, I913.

PROPOSED SOUTH SASKATCHEWAN RIVER
DIVERSION CANAL.

In the issue of 7The Canadian Engineer of March 6th,
1913, there was an article on the Moose Jaw water supply,
Y _Mr. Gillespie, associate professor of Applied Mechanics,
-MVersity of Toronto. In this article Mr. Gillespie men-
toned that the ultimate source of the water supply at Moose
aW, if the city increased its population, must be the
We publish below a report by the
Ommissioner of Irrigation, F. M. Peters, on the proposed
cm“_h Saskatchewan River Diversion Canal. This scheme, if
arried through, will be the probable source of water supply
of both the city of Regina and Moose Jaw. The estimates
of costs given will be of interest to engineers and contractors.

am‘mné[ i‘; ,,%[{ﬁ' \Qz 1 \ swm-i24§ > i, ¥ ik
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The height of land of Aiktow Creek in township 24:—

High-water level In TiVer .........:ceeesecesesoss 1,632 feet
Height of land, head of Qu’Appelle River ....... 1,720
Difference of leVation s . .osius « ot v dom s iss siaioss 88

The height of land of Sage Creek in township 23 :—
High-water level in TiVer . .:..cvioeneensssnnssos 1,644 feet
Height of land, head of Summit Creek.......... 1,916
Difference ofielevation™. J.a., 0. L 272

The height of land of Shellstone Creek in township 21 :—
High-water level in Tiver «......ceeevennmueons.s 1,672 feet
Height of land, head of Thunder Creek ......... 1,975
Differqnice of elevation .&....e.eissihosssontsnsns 303

All the elevations given above are to the datum of the
Canadian Pacific Railway levels.
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‘Map of Proposed Diversion Canal.

A Proposition in connection with this scheme, which has
atn lookeq upon with some favor is the proposition to px-xmp
T Out of the South Saskatchewan River over the height
Riv:rnd and deliver it into the head-vivaters of the Qu’-Appelle
c’itic;;l The V'»vork was confined entirely to. developing 'the
Seri elevation along these lines and' consisted of runm‘ng'
shg egs of 1.ev.el lines over several heights of land whxc'h
Work ¢ Possibilities of feasibility. Mr. Russell was at this
May OT one month and had the assistance of only one rod
: and a team and driver.
on The results of all Mr. Russell’s work is plainly set fort.h
l‘epol_te I;lans and profiles submitted in connection with this
ay b’ ut for purposes of convenient reference the results
€ set forth as follows :—

bee

Scale 1 = 16 miles

It should be noted that the pumping of water over the
height of land of Shellstone Creek would allow the water to
run by gravity down to the city of Moose J?.W and from there
down into the Qu’Appelle River.

The project of pumping the water over the Aiktow Creek
height of land and allowing it to flow down the Qu’Appelle
River would probably be useless, as it would deliver the
water into Buffalo Pond Lake at an elevation of 1,627 feet,
which is about 117 feet below the elevation of the city of
Moose Jaw. Then, allowing a grade in the Qu’Appelle River
of two feet per mile, as the crow flies, the elevation of the
water in the Qu’Appelle River at a point southeast of Regina
(about twenty miles from Buffalo Pond Lake) would be about
1,587 feet or 275 feet below the elevation of the city of Re-
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gina. The bed of the Qu’Appelle River is, moreover, of such
a character, viz., black- swamp earth, that any water turned
into it for domestic purposes would be badly polluted.

Mr. Russell also developed a cross-section of the South
Saskatchewan River at a point about midway between the
mouths of Aiktow and Sage Creeks for the purpose of mak-
ing a preliminary study of the cost of a dam. This section
will give probably as small a cross-sectional area for a dam
as any section that can be found on the river in this vicinity.
It was also ascertained that the fall of the river water-service
in townships 21 to 24, a distance of 31 miles, is 40 feet, or
an average fall of 1.3 feet per mile.

Study of Pumping and High Level Gravity Scheme.—
Before proceeding with this short study it may be stated that
this scheme is a very large one and will be very expensive.
It is, therefore, impossible for any person to give an ad-
vised judgment on the matter until the topographical fea-
tures of the country have been fully developed, and the feasi-
bility of dam construction in the South Saskatchewan River
fully probed. This study is, therefore, made without any of
the requisite information being available, and it must be
accepted only as a rough, preliminary study made in an at-
tempt to point out what appears to be the most feasible
scheme, together with a rough approximation of the cost.

The purpose to be attained by this scheme is to serve
that dry country in what may be termed the Moose Jaw and
Regina districts, and the basis of the study is the require-
ment to deliver a gravity supply as far east as Regina and
at the elevation of the rails of the Canadian Pacific Railway
in that city. The quantity of water to be diverted has been
taken as stated in the application made by the government
of the province of Saskatchewan, which is about 200 cubic
feet per second.

It is submitted, as a matter of opinion only, that the
only feasible scheme is to place a dam in the South Saskatch-
ewan River and develop there enough water-power to pump
the required quantity of water to a sufficient height on the
side-hill of the river from whence it can be run by gravity
to meet the requirements of the situation, which is to deliver
a gravity supply at the elevation of the Canadian Pacific
Railway at Regina. The supply must be delivered during
both summer and winter for domestic purposes, and, with

this end in view, the available water-power in the river has

been based on the figures of minimum winter-flow.

] The cost of a gravity line has been estimated by assum-
ing that the water would be carried in a circular reinforced
concrete pipe. It has been assumed that the demand for
water will be equal from the intake to the delivery at Regina,
where a flow of 50 cubic feet Per second has been allowed,
and the total length of 170 miles of pipe line has, therefore,
been divided into four sections having, from the intake on,
carrying capacities, respectively, of 200, 150, 100 and 50 cubic
feet per second. The excavation cost has been based on a
level section cut for the trench sufficient to bury and cover
the pipe everywhere with six feet of earth. In computing
the cost of the dam the section used is that one taken in
township 24 between Aiktow and Sage Creeks, but, in order
to suit the assumed scheme, the dam must be placed some-
where in townships 22 or 23. One fact alone which is liable
to make the estimate of the cost of the dam seriously in error
is that the bottom of the South Saskatchewan River is known
to be most treacherous for the foundations of any structure,
and no definite information whatsoever has been gained on
this point.

The small-scale map accompanying this report shows
the position of the dam and the location of the proposed pipe
line, while the calculations following hereafter have been
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made in such a way that they may be read through under
standingly by any person who has followed this preliminar¥
discussion. The unit prices assumed in the estimate 2}1'3
understood to include the cost of many small details and 11}'
cidentals which have not been calculated. For example, it
will not be possible to obtain the minimum excavation sectl?ﬂ
for the pipe line throughout, which will make the qual}tm’
of excavation much higher than that calculated.

In conclusion attention may again be drawn to the fact
that this study is only a rough approximation and that
nothing further can be attempted until the many controlling
elements of the scheme have been fully developed: by the
carrying out of the proper surveys and also river borings t°
develop the possibilities of a dam foundation.

DETAILED DISCUSSION.
To find the height of dam necessary.

Argument.
HR = head required for turbines in river to pump QC into
pipe
QR = available L. W. flow in river assumed = 3,000 cf.s
C, = efficiency of turbines and direct connected oentrif“ga]
pumps assumed = 52%.
C, = loss due to friction in pipes from pump to delivery
assumed = 10%.
Hc = height of lift to pipe.
QC = quantity required in pipe assumed = 200 c.f.s.
Formula HR x Qr x C, x (1-C), = Hc x Qc
: Study.
Regina elevation ......... gt L SR ) 1,862 feet:
L engthNofReanall ve bern st il e v b e 170 ll}iles'
Grade of canal = 1 in 10,000 Or 0.528 ft. per mile,
Head required for canal — intake to Regina.. 8o feet:
Intake of canal (Boldenhurst Street) elevation 1,051 %
Ly W natural-at dam (Gbotit) o..soe: toesinss 1,653 ::
Head required at dam (HR) ....... e T e 1 37 ”
T oprofsdam: i iz demt i, AV i ot e s &)
Lift required—top of dam to canal intake ...... 261

To find the cost of the dam.—The dam section devel"’pee
on the river gives a cross-sectional area from the rivel
bottom to the crest of the dam, 37 feet above the lower P o
of 118,000 square feet. A preliminary study of the cost !
the dam was made by Mr. W. G. Bligh, M.L.C.E., based _"n
a concrete dam of the arched buttress type. The dam-sec'“o_
used was a very economical one, but of a somewhat bold s
sign, and a rough estimate based on it gave a cost
$600,000. Owing to the uncertainty of the foundations o
the many contingencies that might arise it would not be 8
to estimate the cost of the dam at any less thaw

00l

— e . - .

To find the cost of turbines and pumps. P
Theoretic H.P. required = .001892 Q.H. = 12,600.
Allow cost at $15 per H.P. = $189,000.

To find the cost of pressure pipes from pumps at da%®
intake of concrete pipe line.

Q = 200 cu. ft. per second.

V= 3s.tf.
A = 67 sq. ft.®
R = 4.6 feet (one large pipe).

s
- ot R, o n.
Area plates required, including laps, 29 sq. ft. per ft-bl:l
Half-inch wrt. iron plates, weight per foot run, 580 108
Cost, at 6 cts. per lb., about $35 per foot run.
Cost for 1 mile, $184,800.
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To find the cost of concrete pipe. Summary of estimate of cost.
Argument. Costdetidamen it ot Dot an bl AT $ 1,000,000
.30 bbl. cement at $3 005 2w i Tenntarme sl el A $ 3.90 Cost of turbines and pumps .................... 189,000
944 cu. yd, sand at B2 o LI K S e S g 0.55 Cost of pressure pipes ........................ 184,800
I cu. yd, stone at BITEG o b i B e 1.50 Cost,of concrete pine Ting = .. s it bt 11,501,885
Total cost ingredients 1 cu. yd. concrete ....... $ 5.05 ! $12,965,685
BRI 0 wine s $ 5.95 Rl e SR RO R e $13,000,000
5 Bteel at 5 cents ..ooiueesiin e nn b i 1.65 S PR
(frms. I5hor; fand smaterialsit it B DI e 1.85
IXiPE and placing concrete, 1abor ..........c..vns.. 0.85 FIRING OF STACKED COAL.
BHUD Stee] at 0.2 COBtS ' .oiere.iieeinsssmnssorsris 0.11
ell('img steel iati0.00/CeNtSIL i di i s o e 9:05 Every now and then some firm which has a quantity of
e R R N e S T s OI50 coal on hand finds itself bothered from its coal pile having
- - ) ] P f:aught on fire. The question has beel? d.iscussedvlat‘e]_v
By blace, 1 cu. yd. conc1:ete K RO L0 3 ; 6 in a paper fead before the Manchester District Institution
Perintendence, plans, contingencies, etc. ......... o of Gas Engineers. Mr. Kendrick, who owns gas works of
, his own, relating his experience with them, stated that at
Total cost in place, 1 cu. yd. concrete ........... L2700 Stretford they have had three serious fires in four years, and
To find the cost of excavation. many cases of overheating. No. 1 store of coal held 1,800
Argument. toms, anfl was an old retort house partly roofed, with and
Excavation SWnyder nn bl S Ak Rets s e A $0.30 partly without louvres. No. 2 store holds 1,400 tons and has
ack fij ’cu b e R D e e A T i A 0.10 no louvre. No. 3 holds 8oo tons, and ha_s a two-span roof of
» Cu. . corrugated iron. In the first two, coal is delivered by con-
Cost T o T L e R R S e e $0.40 st I‘fl No. 3 lt is hand.-stacked, 14 ft. higl.n. In the other
“Derintendence. plans, contingencies, etC. .......... 0.05 S i Plled‘ ™ pramsids 24 and 20 fs. h.lgh’ .the W o
> ’ the cones being 8 ft. across. No. 1 shed had given most
Bt o o e e B $0.45 trouble. The finest slack is usually sent direct to the re-

To find cost of pipe line.—The grade throughout has
°en figureq at 1 in 10,000 and the discharge of the pipe Pas
e calculated by the Chezy-Kutter formula, using

‘N, = .02
Study.
" Section No. 1, length 42 miles, capacity 200 c.f.s.
43:7!4 Cu. yds. concrete at $12.00 ............. $ 2;924’568
. St per mile, $69,632.
376,935 cu. yds. excavation at 45 cents........ 709,621
St per mile, $18,834. .
Tota] GOS8 e e e o s e S 8 3,715,586
Total cost per mile, $88,466.
ection No. 2, length 42 miles, capacity 150 c.f.s.
C22’192 Cu. yds. concrete at $12 .....oineneennen $ 2,666,304
1°SF ber mile, $63,481. 5
’:76»935 Cu. yds. excavation at 45 cents ....... 72022
St er mile, $16,895.75.
Tota] BOSES o e s TR T $ 3,375,925

Tota] cost per mile, $80,379
SECtion No. 3, length 43 miles, capacity 100 C.f.s.

1
502,633 CILvds. concrete at. 12, . hisseavis somasds $ 1,831,506
Lot per mile, $42,50s.
’354'915 Cu. yds. excavation at 45 cents ........ 600,712
Cost
Per mile, $14,179.34.
A AR T D g $ 2,441,308
otal cost per mile, $56,774.34.
Section N h iles, capacity 50 c.f.s.
1> 0. 4, length 43 miles, cap
C:S’glz SU. 'yds. concrete ‘at R1z iiivsidingbies 8 1,534,044
!,Iﬁt Per mile, $35,696.37. o
'Cos4’ IS cu. yds. excavation at 45 cents ........ 524,
t per mile, $12,206.70. -
B e 8 2,050,066

Otal cost per mile, $47,885.25. 2
otal cost of pipe line laid, 170 miles ....... $r1,501,385

torts, but much fine stuff still gets into the store and fills the
middle part of the piles, and to this dust and small coal the
fire trouble is due.

As a result of what was observed, after each boat had
been discharged, the fine dust was dug out and spread over
the heap, and pipes were put in at intervals to enable the in-
terior of the pile to be watched. Three years of immunity
led to laxity, and the small stuff had not been fully dug out,
and a fourth fire occurred. It was again the small coal which
heated, but was not the immediate cause. Some old screen-
ed coal was buried under the new coal, and the store was
filled, in about six weeks, to its utmost capacity. On empty-
ing the shed, the rough coal under the slack was quite car-
bonized and fire was creeping under the slack. Apparently
air had reached the new coal through the old tongue of open
rough coal. The temperature in the tubes rose slowly to go
deg., then quickly to 110 deg., with a quick jump to 300 deg.,
and it required a week to reach the fire, which had then
spread considerably. As this coal was stored in the hot
month of May, 1912, and was stacked quickly and was dustier
than usual, these causes appear to have been active in pro-
ducing fires.

The colliery agents attribute the numerous fires of that
year to the fact that after the strike, coal was much crushed at
the face, and was very small, and it was mot clean, being
hurried away quickly for use, and more probably fresher coal
than usual was stacked. Freshly-wrought coal is more prone
to heat, especially if fine.

Coal as received is warmer than the atmosphere, as
nruch as 2 deg. to 12 deg. in summer, and 4 deg. to 20 deg.
in winter. Since a pit may have a temperature of 9o deg.,
coal must start from the pit fairly warm, and if stacked too
soon, too high, or in too large mass, it is prone to heat.
Also, coal mined first after the strike would be damper than
usual, and dampness seems to engender fire. .

Coals absorb from one to three times their volume  of
oxygen, amnd this produces heat, and if it can occur in a thick
mass the heat accumulates. Stacking in cone shape from a
conveyor causes the fines to accumulate at the apex, and
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This system of storage is thus to be
regarded with suspicion. Coal owners suggest 11 to 15 ft.
as the height of coal stacks, or a mean of 13 ft. Gas works
practice is to stack 10 to 30 ft. Since coal under cover cools
less slowly, it should be stored in less depths than when out
of doors, whereas the reverse is the usual practice. The
question of ventilation is a disputed one. Some men say ven-
tilate freely and carry off the heat. Others say keep out all
hot air and no heat can be generated. If this is so it would
be quite safe to store in closed bumkers, exhausting the air
at the top and admitting CO, at the base to fill the voids be-
tween the coal. In practice it appears that coal will be reach-
ed by air enough to make it become hot. Therefore, supply
ample air to carry off the heat, for the oxidation will be less
if the coal is cold. Yet in mines ample ventilation to re-
move gas has caused heating in the gob, and the checking of
the air current has stopped the heating.

these are apt to fire.

If a heap fires, very much water is needed to quench it,
for water sets up air currents to fan the fires. At Stretford
they treat affected coal with strong ammoniacal liquor and
only put water on unaffected coal. The summing up is that
coal from different seams should not be mixed, nor should
coal of different classes.

Fine slacks should not be stacked at all, nor damp coal
under cover. Large heaps are the more dangerous. Lumps,
nuts and fines should be well mixed in stacking. Limit
heights to zo ft. in the open, and 16 ft. under cover. Avoid
external sources of heat, leaking roofs, &c. Keep tempera-
ture records of coal as received and in stock, and if the heat
rises to go deg. or 100 deg., remove the top layers and watch
carefully. Do mot disturb a fired heap by pushing in bars.
Do not apply water to a fire, but ammoniacal liquor. Remove
and use heated coal promptly.

From remarks made during the discussion, it would seem
that if coal is screened and stacked it does not become hot.
This indicates the smalls as the cause of trouble. But it also
indicates the need for good air circulation, for it is the fines
that prevent this. It seems impracticable, as a rule, to gain
safety by excluding all air, as that would undoubtedly pre-
vent fire, for to produce fire there must be oxygen. The
question is, can coal absorb oxygen, as oxygen which shall
only begin to work when the coal is stacked? With pre-
sent-day large stacks of coal, the subject becomes import-
ant.

B —

MINERAL PRODUCTION BY PROVINCES.
The subdivision of the mineral production in 1911 and
1912 by provinces for Canada was approximately as follows:

PN &4 1911, 1912.

d g

4 O 4 o
; ¥ i3 pops e
Province. § 5 3 ;g p é § .g
s 8 5 ch n &
P A R > A& &Y
Nova Scotia .......... $15,409,397 14.93 $18,843,324 14.15
New Brunswick ..... v 612,830 0.59 806,584 0.61
Quebee . .. ........... 9304717 9.01 11,675,682  8.77
Ontario . . . 42,706,162 4146 51,023,134 38.33
Manitoba . . . . 1,791,772  1.74 2,314,922 1.74
Saskatchewan . . ...... 636,706  0.62 909,934  0.68
VT G e 6,662,673 646 12,110,960 = 9.10
British Columbia ...... 21,299,305, 20.63 29,555,323 22.20

North West Territories. 4,707,432 4.56 5,887,626 4.42

Dominion.......... 103,220,994 100.00 133,127,489 100.00
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CONSTANCY OF VOLUME ACCELERATED
TESTS IN PORTLAND CEMENT.

At the meeting ‘of the International Association for
Testing Materials, amongst the discussions that arose the
questions regarding constancy of volume accelerated tests
in Portland cement were eagerly discussed. Professor Ma¥
Gary, in a paper discussing accelerated tests in Germanys
states the accelerated test for volume constancy Was$
discussed as far back as the Zurich meeting of 'th€
International Congress for Testing Materials. At that
time, Dr. P. Priissing exhibited samples containing 50 P&
cent. of highly expansive constituents, but so finely groun
that they slaked readily, without expansion, on being stirré
up with a large volume of water, though when mixed wi
only a little water, for the production of cement ware, €08
siderable expansion occurred. Thus, even at that time, pro°
existed that a test in which the cement is mixed with muc
water does not always cast suspicion on such dangerous €€
ments as those in question; and a desire arose for the intr®
duction of some method of testing with specimens made up
with only a little water (earth-damp or dry).

Experiments with various testing methods failed at that
time to lead to the desired result; and in course of time othef
proposals were made in succession for the rapid testing ©
cement in order to detect any tendency to expansion. Amon8
theSe may be mentioned: The Drying test at 100 degfees

(Darrprobe), the Heintzel ball test (calcination test),
Mlchaehs boiling test, the Von Tetmajer ball test, the M"‘Clay
hot water test and the Priissing pressed block test.

All-these! tests ‘miet ‘with- opposition, and in 1891 the A%
sociation of :German Portland Cement Manufacturers 82%°
expression to the following opinions:—

(1) The test for standard constancy of volume in Port:
land cement is sufficiently decisive and perfectly adequat®
for practical purpose, if performed with care.

(2) The accelerated tests, hitherto published, for asce’”
taining inconstancy of volume in Portland cement are BO
adapted to enable the consumer to form a reliable JudS'men
on the cement, it being found that some Portland cement?
which fail to pass the accelerated tests, prove thorough
constant in volume when in use.

On the other hand, there were loud expressions of
opinion, .particularly..by Von. Tetmajer, Bauschinger, “',
Michaelis and C. Priissing, to the effect that the stand dard
tests were insufficient for judging cement, especially whe
the cement was intended to be exposed to the air during
settlng‘ in pactical use. His opposition to its views lﬂduce
the association to appoint a committee entrusted with the
solution of the following question :—

Does the standard test for constancy of volume in PO
land cement enable an accurate judgment to be formed o
the behavior of a cement in use, or is this object attain®
in a more reliable manner by any of the proposed (aCCelera
ed) tests? )

Without delay, the committee began operations in co
laboration with the Royal Mechanico-Technical Labofatori
at Charlottenburg.®  The laboratory procured ten Cemeﬂ
which, according to the users, had behaved satlsfactorlly
practice, though failing to pass the boiling test. All the
ments were tested by the laboratory and by the members
the committee separately, as regarded their gfenelfa‘I p
perties, changes of volume in the Bauschinger tester, tens!

strength and behavior under the above-mentioned tests fr
constancy of volume. Moreover, reliefs and conduit coV:he

were made from the cements at the cement works for
purpose of being exposed to the air, subject to all cha”?
in the weather during setting.
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It is impossible here to go into the details of the experi-
Ments, but it must be specially mentioned that none of the
S0-calleq “accelerated” testing methods tried (drying test at
100 deg., Heintzel ball test, Von Tetmajer ball test, Maclay
0t Water test and Priissing pressed-block test) appeared cal-
Culateq 1o enable a rapid and reliable judgment to be formed
In a]| Cases as to the suitability of a cement for practical use.

The experiments showed that all ten cements which
Passed the Standard test also exhibited constancy of volume
lin the Practical sense) when used for making test pieces
alse fiement ware. The practical utility of the cements was

emonstrated by the increased tensile strength of the
€St pieces when allowed to harden in water and in the air.

The assumption that the standard test for judging a
ent is inadequate, especially when the cement is intend-
> I practice, to harden in the air, failed, therefore, to ob-
any confirmation through the experiments of the com-

Cem

myj - B

ca:tee. That body, however, expressed its willingness to
ad Iy out additional experiments, and publicity requested the
. erentg

; of the accelerated methods of testing to place at
the SltSDOSal sufficient quantities of such cements as passed
andard test, but failed to pass the accelerated tests
erewtere found to expand in practice, Cements of this kind
SDitg 0‘; be forwarded to the Charlottenburg laboratory. In
; the long term appointed, no response has been re-
mat:ria(;n this m'atte‘r by the Iaborator.y, and no experimental
furpiqy for testing in the above-mentioned manner has been
ed.
N Thig might have been considered as settling the.: matter;
Yearg t‘; laboratory has gone further, and has contmued. for
ade g, keep under observ‘atlon the.cements (?n'd the articles
Tesyjyg efr,efmm) characterized as highly suspicious ffom the
. terati: fhe accelerated tests without, however, finding any
D 1n the result.

&d tesi(sm;dingly’ the assumption that the so-called accelerat-
accurate Or constancy of volume enable, m.gex.le.ral, a more
Mepy th Jufigment to be formed on the suitability f’f a ce-

€rro 30 s done by t.he standard test.should be dismissed
laborat: €0us.  Following on the experiments, l%owever, the
Ung, ory Tequested a large number of officials to keep
thep, o S€rvation the constructional works carried out by

ht'tlt Cements which, according to the accelerated tests,
Such B 0 be O'f a suspicious character; a.nd the results of
e aCQE;""“'VéItIOHS have been compared with the. results o.f
Sop i el:ated tests on constancy of volume. This compari-
Ce; ablished in an unimpeachable manner that numerous
l“‘id i ?f different origin and methods of preparation, which
for c‘;artlally or entirely failed to pass the accelerated tests
Dury llStancy of volume, were found to have‘f}ﬂﬁlled their
Mixtype. oPletely, irrespective of the conditions of the
Withe ts, .dflrlng an observation period of 34 t.o 18 mont'hs,
With the-gwmg rise to the smallest objection in connection

. T constancy of volume,

Quj urthermOl’e, it has been established by a circular in-
Valye Mong more than 200 users of cement that the dubious
?eady the darrprobe and boiling test in particular has al-
fny °°D recognized in practice, and that there is no longer
thyy eed. for sych tests. In numerous instances it was found
re"eale lng. in the standard manner sufficed completely to
'n'ents e.lnferiority of a badly prepared cement. Six .ce-
tesy a; Which, op the basis of the boiling test and drying
ha"e i 100 deg. C, ought to have ranked as quite useless,
p"Se's su ®Mployed, officially, for a variety of building pur-
masn;lre'g_" in building a fire station; for concrete and

l_n harbor work; in abutments and circumvallia-
e ;ie M a fortress; in building a high-level water tank;

il 'S of a large railway bridge; for contfrete floors
gs, etc, In all cases the work has remained under
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observation for several years, but in no case, however, has
the work given rise to complaint on the score of changes in
volume, or in any other respect, although the constancy of
volume of all these cements, as determined by the darrprobe,
calcination test and boiling test, was open to the gravest
suspicion, and although remarkable phenomena were ex-
hibited at the end of one and two years by the test blocks in
air and water. No injurious effect could be observed in
practice—in a very thick concrete wall—even in the case of
a cement which was completely disintegrated by the boiling
test, and showed reticulated and edge cracks at the end of
two years in a test block immersed in water. The thorough-
ness of these observations and determinations is probably
unsurpassed.

After the publication of these results the question of ac-
celerated tests for constancy of volume slumbered for some
years, so far as Germany was concerned, until Le Chatelier
proposed to fill the cement paste into split brass rings fitted
with needles and test the expansion by measuring the dis-
tance between the needle points after treatment in hot water.
Hence the Le Chatelier test is an improved form of boiling
test. ‘

Quite recently Dr. G. Hentschel has proposed a modified
boiling test for cement. Instead of performing the boiling
test after the block has been hardened for 24 hours, he pro-
poses a preliminary treatment to accelerate the hardening
before applying the test. The block is to be left for 15 to
20 minutes on a highly absorbent gypsum plate, and then be
heated, on an iron plate, over a naked flame until no more
water vapor is given off. . After cooling, it is immersed for
ten minutes in water at room temperature, and is then ex-
posed to the air for three hours, being finally boiled. It
should be remarked that one cannot expect this test to fur-
nish any essentially different information from that given by
the old darrprobe and boiling test; and it will prove unre-
liable and misleading for the same reasons as the older tests.

Greater attention was bestowed on the Le Chatelier test,
mainly because, in contrast to the other methods, it furnished
values which were regarded as mutually comparable. The
British Standard Committee took up the Le Chatelier test;
and from England this test was laid before the International
Association and caused to be accepted by the Copenhagen
Congress, 1900, as a commendable accelerated test for con-
stancy of volume, although a number of expert members
protested against this decision. The protest was entered in
the minutes of proceedings, and is now brought to remem-
brance again.

In justification of this protest, reference was made at
Copenhagen to the aforesaid unfavorable experiences with
the boiling test. It must be reiterated that the Le Chatelier
test is a boiling test, and therefore must also be judged,
like the old boiling test, on the basis of the comprehensive
experiments already referred to. Moreover, it is necessary
to point out the opinion in which this test is held even in
England.

At a meeting of the Concrete Institute in 1910, Mr.
Butler read a paper on tests for constancy of volume, which
paper was followed by an extremely animated discussion.
The reader of the paper supplemented a historical review of
the development of the existing tests by an exposition of the
theoretical advantages of the Le Chatelier test; but on the
basis of many thousand experiments with the Le Chatelies
needle came to the conclusion that, owing to the often con-
tradictory results in cases where the cements would have to
be condemned on account of failure to pass the Le Chatelier
test, the results must not be interpreted too strictly. He also
demonstrated that divergent results could be obtained in
different localities, and that the results also differed even
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when the tests were performed at one and the same place
and under perfectly identical conditions. It is highly inter-
esting and characteristic of the lack of practical value of the
test that the results of Butler’s experiments entirely coincide
with the experiments (to be mentioned later) carried out by
the Association of German Portland Cement Manufacturers.
Butler found:

In the first place, that with three operators working in
the same place and with the same molds, the results of the
tests showed extreme divergences. One operator found con-
siderable expansion of the cement, whilst the other two found

" much less expansion. According to the result of the one
test, the cement would have to be discarded as not being
constant in volume; whereas, on the basis of the results ob-
tained by the other two, under precisely equal conditions,
the cement was not open to objection.

In the second place, Butler found that an extraordinary
influence on the results was exerted by the use of different
kinds of needles, whether brass or copper, old or new.

Thirdly, he found that on many occasions the test pieces
gave higher expansion values after the cement had been ex-
posed to the air for 24 hours or 6 days than when the same
cement was used in the original conditions. He points out
that, in the English method, the expansion during the first
24 hours—which in many cases is far greater than the subse-
quent expansion—is entirely neglected by the boiling test,
and that leaving the cement 24 hours to harden before boil-
ing is quite an arbitrary procedure.

At the conclusion of the paper, the author said that,
whatever good reasons might exist, either in favor of or
against accelerated tests for constancy of volume, he could
wouch, from his personal experience, for the fact that not go
per cent. of the Portland cement made in England or else-
where less than 20 years ago would have been able to pass
the boiling test under the conditions laid down. If this test
were indeed an accurate one for constancy of volume, the
evident conclusion would be that go per cent. of the total
«cement used 20 years ago was not constant in volume. This
would be a somewhat surprising assumption when it was re-
membered that hundreds of thousands of tons had been used
for important structures in different parts of the world; and
in view of the excellent present condition of these structures,
the assumption could not be seriously brought forward.

This paper was read at a meeting under the chairman-
ship of Mr. Blount, the advocate of the Le Chatelier test at
Copenhagen. Mr. Blount’s criticism of the paper was that
he did not agree with Mr. Butler. This terse but unfortu-
nately, merely ex parte opinion was, however, not shared by
a large number of well known English cement manufacturers,
who expressed their agreement with Mr. Butler. Among
others, objections were raised against the Le Chatelier test
by Messrs. Bamber, Cooper, Tristam, Watson and Roberts.

So far as the Association of German Portland Cement
Manufacutrers is concerned, the Le Chatelier test was first
tried, in 1909, by a special committee, under the chairman-
ship of Director Schindler. It appears from the compre-
hensive report that, as was found by Butler, there was no
harmony between the results obtained at different testing
stations. The experiments were continued, on a larger scale,
in 1910 with six cements. The results were most contradic-
tory, one and the same cement giving expansions varying
between o and 10.7 mm. of needle divergence at different
stations. Schindler’s report contains all the individual values
and careful drawings of the results at ten testing stations.

At the Royal Laboratory for Testing Materials, experi-
ments were carried out in 1911 with six Le Chatelier needles,
of different kinds of brass and copper, and the experiments,
like those of Butler, show that the results of the Le Chatelier
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test vary according to the kind of material and method of
making the needles.

Consequently, the apparatus is, in itself, uncertain and
unreliable.

Finally, under the chairmanship of Dr. Strebel,
mittee No. V. of the German Association for Testing M
terials, made a thorough investigation of the Le Chatelief
test, and Dr. Strebel presented his report to the twelfth
general meeting of that association held in Diisseldorf O
October 7, 1911.

com”

The experiments led to the following conclusions:

(1) It has been found that the Le Chatelier test cha™
acterized as constant in volume a cement which exhibited 2
decided tendency to expansion in cold water. Even if the
cement in question be one of abnormal composition, it was)
nevertheless, bought in the open market ; and consequently the
buyer of such cement would, if he relied on the results of
Le Chatelier test, have incurred risks by using the ceme?
in practice.

(2.) ‘It was also found that the results obtained in tes®
ing one and the same cement in different testing station®
varied in such a manner that in quite a number of 1nstances
a cement would pass the test in some stations but not i
others. The risks arising from such unreliability on
part of an -extremely important test do not need to bé 5
larged upon. ' The matter is rendered more serious bY the od
fact that the tests in question were performed by ski
operators exclusively, and in strict accordance with the pre
scribed conditions.

Owing to the coincidence of these results with all thos
obtained in the previous experiments, the commlttee’co
prising not only manufacturers, but also a large number ged
the most prominent cement experts in German)’-’decl eg
to invite the German association to adopt the fOHOW’n
resolutions :—

(1.) The German Association for Testing Material
jects the Le Chatelier test as an accelerated test for
stancy of volume. i

(2.) The Association requests the International Assoclﬂ
tion for Testing Materials to set aside the resolutions adop®”
ed at Copenhagen with reference to the Le Chatelier t€5* P

At Copenhagen it was evident that the German Cemeh
industry would have to fight shy of the introduction ©
Le Chatelier test, and that the resistance offered to this
by the German members was based on that cu'curﬂStan
On the other hand, it should be mentioned that alfeady
1009 experiments with the Le Chatelier test were carrie Ge‘
in the laboratory of the Association of German Portlal
ment Manufacturers, as reported by Dr. Framm in xgthe
According to the English regulations, the expansion © 10
test pieces (cement not exposed to air) should not excee ed
mm. after six hours’ boiling. This condition was ulfl
by 83 samples out of 88 German commercial cements; ° a0
nating from 88 different makers, 79 of the samples gl"mg e
expansion of less than 5 mm. and only 4 samples 02% cet
tween 5 and 10 mm. The mean expansion of the enmetegt,
of samples, including those which failed to pass the¢ ° ¢
was only 3.5 mm. This shows that if the Le Chateli¢? tr0°
gave reliable results, the Germans need not fear its 11]tbe
duction, It is, however, rejected because the result © ie$
test is uncertain and bears no relation to the other proP®
of the cement.

Basing on the foregoing unassailable facts, I 2
the following conclusions :— end

+ The decision of the Copenhagen Congess to com?® of
the Le Chatelier test as accelerated test for constd’ e Lt
volume is not borne out by the facts of the case. TBE rdcd
Chatelier test is misleading and should therefore be disca

s ¢

test

t
prive ®




March 20, 1913.

Obe Canadian Engineer

ESTABLISHED 1893.

ISSUED WEEKLY in the interests of the
Civie, MECHANICAL, STRUCTURAL, ELECTRICAL, RAILROAD.,
MARINE AND MINING ENGINEER, THE SURVEYOR,
THE MANUFACTURER, AND THE
CONTRACTOR.

Present Terms of Subscription, payable In advance
Postpaid to any address in the Postal Union:
One Year Six Months Three Months
$3 00 (125.) $1.76 (7s.) $1:00 (4s.)

Obies Antedating This Issue by More Than One Month, 26 Cents Each.
Obies Antedating This Issue by More Than Six Months, 60 Cents Each.

ADVERTISING RATES ON APPLICATION.

HEAD of Toronto, Ont.
FICE: 62 Church Street, and Court Street, Toron 0,
Telephf-‘ne NEI;in 7404, 7406 or T406, branch exchange connecting all
€Partments, Cable Address : “ENGINEER, Toronto."

M‘"""."I Office 1 Rooms 617 and 628 Transportation Building, T. C. Allum,
ditoriar Representative, Phone Main, 8436.

In"'“‘! Officer Room 820, Union Bank Building. Phone M. 2914. G. W.
00dall, Western Manager,

Ndon Otfice Grand Trunk Building, Cockspur Street, Trafalgar Square,
i Cloug'herf Business and Editorial Representative. Telephone
527 Centra)

AddresS all communications to the Company and not to individuals.
vegg.htiﬂg affecting the editorial department should be directed to the
itor

Be Cangdian

in 19 Engineer absorbed The Canadian Cement and Concrete Review
10.

C NOTICE TO ADVERTISERS

begoeANges of advertisement co hould h the Head Office two weeks
py shou reac e

tuf,ore- the date of publication, except in cases where proofs are to be

Mitted, for which the necessary extra time should be allowed.

NOTICE TO SUBSCRIBERS
in fu‘i‘{he“ Changing your mailing instructions be sure and give your old address
as well as your new address,

Flnteq at the Office of The Monetary Times Printing Company

Limited, Toronto, Canada

Vol. a4, TORONTO, CANADA, MARCH z0, 1913. No. 12.
\ e

CONTENTS OF THIS ISSUE.

Editoy ial ; SN PAGE
The Siaoke, Problety’ [ oms it gaseil i 467
PORtaneous Combustion . ... . ... .iceiotssssiiis 468

JLeadi“g Articles :

The Garrison Creek Storm Overflow Sewer in the

City of Toronto .......... St T, el i 451
Oncrete in Railroad Work .......eeeeveesnsesins. 456
L COnBUTCtion o 1 s . ae b visd s st iesls e 458
T0Posed South Saskatchewan River Diversion
o e N N O 461
Iring of Stacked Coal ........ e A T e Py 463
OBStancy of Volume Accelerated Tests in Portland

BUCRY - e Sl s e e e i 8 IR 464
Electric Ratlway ‘Statistics” fcian. Ll wb L5, s X 469
€stern Canada Power Company’s Hydro-Electric

Plant at Stave Falls, B.C. ...........0.000ns. 471

Il'ri?s’ation Surveys and Water Powers ............ 473
20d Roads in L8 230.T:1 [ el v E 475
teel Formg for Concrete Construction ............ 477

eet Yo R Tl e N 480
~Tson TR S Al e el S A 2 parecd BT
fing AR M R T L 482
glneeriﬂg BOBISTIES 1 ol R o ) 482

ket RHAIEIONE- 1.1, 1o, 2 T e et oyt e IS 24-26

‘Miction News . S e et h I RIS

St RS R e AR TEL. oS4 80

THE CANADIAN ENGINEER 467

THE SMOKE PROBLEM.

A most difficult problem to satisfactorily solve in
cities is the pollution by smoke of the atmosphere. It
may be merely an unpleasant and jarring note on the
beauty of the scenery to the suburban residents, but it
has an added and more serious meaning to those living
in the smoke area, and that usually means a majority of
the citizens.

A certain amount of dust and impurities from the
streets will always of necessity be found in the city
atmosphere. The presence of such is a menace to health,
and every added pollution by smoke only further en-
dangers the public’s well-being. All these points are well
known, and pressure has in a way been brought to bear
on the scientist to in some way abate the nuisance.

Legislation, 1t would seem, is the only way to cure
the evil, and that involves the interruption and inter-
fering with of long-used rights. Without knowledge
and accurate data of the exact amount of smoke pollu-
tion in our towns, legislation on the subject is extremely
difficult, and there must ultimately devolve on engineering
shoulders the task of gathering these data.

Any attempt so far at the abating of the smoke
nuisance or of obtaining information on the subject
seems to have been local and confined to independent
municipal effort. There is no organized effort in Canada
to systematize and collect smoke information. Vancouver,
for instance, in a recent report to the City Council, by

a Smoke and Sawdust Abatement Society, recommended
as follows :—

That the offer of a public service corporation to
supply the city electric light, heat and power for con-
sumers by developing electricity and steam heat from
lumber refuse be accepted. The franchise to the com-
pany was to be for thirty years. Besides relieving the
city of part of its smoke, consumers were to be supplied
with energy at the following rates : electricity at eight
cents per kilowatt hour, and subsequently seven and six
cents; heat at $r1.00 Per 1,000 pounds of steam pressure
development. The company was to pay the city one per
cent. of gross earnings the first ten years, two per cent.
gross the next five years, and two and a half the suc-
ceeding five years. The company was also to start opera-
tions within fifteen months and to. expend $50,000. Now
the above contract is very interesting, and might help
Vancouver in its smoke trouble, but it is questionable
whether a remedy on such lines would be practicable in
other cities. Vancouver in being a city of many lumber
mills has possibly sufficient waste product available for
fuel to make such an attempt possible. The majority of
Canadian cities and towns have not that resource. It is
legislation that will help all municipalities that must be
hoped for as the desired goal.

In England a committee of scientists have been ap-
pointed who have formulated a plan of investigation that
ought to lead to more definite information of the po-llutlon
of atmosphere than we have yet had. All the principal
local authorities of the United Kingdom are to be com-
municated with in the hope that they will co-operate in
an organized attempt to collect reliable data_ as to the
degree of the pollution of the atmosphere in different
places. No co-ordinated effort has ever prev1ously‘ been
made to estimate the amount of suspended matter in the
air. A standardized method of examination of the atmos-
phere is to be adopted, and the l:esult ought to be.the
collecting of much useful information.  The standardized
method of investigation is to be (a) a form of enlarged
rain gauge, with catch area of four square feet, and a
large bottle is provided to collect rain, soot, or other
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deposits falling. The bottle is removed periodically and
the amount of solids estimated. This is a method for
use over long periods.

(b) A measured volume of air drawn through filter
paper is the method for measurements of solids from
day to day or hour to hour.

One cannot help feeling that such a systematized
course of investigation should be inaugurated in Canada
as well as Great Britain. It is only through reliable
knowledge of conditions gained by such means that we
can ever hooe to be able to effectively handle the pro-
blem. It is only when the exact amount of “the pollution
of atmosphere we are undergoing is known; when we
have some idea based on facts of the amount of injury
to health dwellers in the cities are risking. It is
only then that corrective legislation will be properly
balanced.

Tampering with rights of usage and time by regu-
liions which might seriously affect vested capital is too
serious a problem to be encouraged without full know-
ledge of the conditions to be remedied. We would probably
either allow more pollution than is good for us, or go
to the other extreme and be unnecessarily harsh in our
regulations if we approached the subject in any other
manner. Active steps should be taken in Canada to
gather information and data on smoke pollution similar
to those being carried on in the United Kingdom. It is
a step towards better laws that we should all hope to see.

—>

SPONTANEOUS COMBUSTION.

The liability of coal in bulk to take fire from spon-
{aneous combustion is generally known among the en-
gineering profession. The chemistry and cause of the
action may not be so familiar to many of our readers.
Possibilities of fire due to chemical action taking place
between the air and the coal is well understood by
chemical engineers and by those accustomed to handling
or using coal in bulk. It is a question which has been
well treated in an article on another page of this issue
by the owner of gas works who had suffered consider-
ably in a business way due to fires brought on by spon-
taneous combustion. The subject, moreover, has peculiar
significance just at present, due to the recent catastrophe
at Baltimore, whereby a ship that was loading dynamite
was blown up and forty or fifty people killed. While there
is no official version of the cause of the explosion, it was
apparently due indirectly to fire generated by spontaneous
combustion in the coal bins. Accounts that come of the
length of time between the discovery of the fire until the
actual explosion took place lead one to believe that the
dynamite was not the original source of trouble. More-
over, fire otherwise located than in the bottom of the
coal bunkers, would probably be quickly observed and
extinguished before it was too late to prevent the ex-
plosion of dynamite. Everything considered, it seems
reasonable to blame the coal bunkers and spontaneous
combustion as the cause of the catastrophe. One can
be glad that reason and charity go together to support
the belief that unforeseen and unguarded chemical actions
were the cause of the accident rather than pure human
carelessness.

" The whole subject of the explosion can be under-
stood by a study of the previously mentioned article.
Coal, it appears, absorbs from one to three times
its volume of oxygen. This produces heat, and, oc-
curring in a thick mass, the heat accumulates, and
ignition is the result. It seems a disputed point, ac-
cording to Mr. Kendrick, whether free ventilation should
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be aimed at to prevent combustion, or whether the
method whereby no warm- air is to be allowed near

coal, and so no heat, generated, should be adopted. he
latter method being true, it is quite safe to stor€ coal
in closed bunkers, exhaust the air at the top and fill the
voids between the coal from below with carbon dioxide:

Coal of large size with few fines in it will ordinarily
not take fire. Nevertheless, Mr. Kendrick claims tha
in coal mines ample ventilation has sometimes caus
heating in the gob (waste fillings in mine), and choking
off the air current has stopped the heating. Water %
not very satisfactory for quenching coal piles that afé
on fire if in small quantities, and may, if so used, ol
increase the combustion and heat. One can understat™
therefore, how, in a ship loaded with dynamite, fire, O°
well started in a coal bunker, might be inextinguiShabe
when discovered before the serious danger of the firé 2
extended to the dynamite.

Knowledge has forearmed man sufficiently against
spontaneous combustion, so that, ordinarily speaking

should be able to guard himself against serious daf‘ge;
from it. With proper attention during loading, or Wltl,l g
in

proper system of inspection afterwards, a ship carty
dynamite could be made safe from such an occurren’
as spontaneous combustion. It is unfortunate that it
usually tramp steamers that carry the most dangero¥
cargoes around. The officers and crew may not be
a position to either know how or to be able to enfor®®
intelligent and scientific orders and inspection for é
prevention of accidents. It will be interesting tO
what steps, if any, will be taken to prevent a re-occt’”
rence of such an accident as that brought about t?)’
spontaneous combustion occurring in coal bins of 2 shif
loaded with dynamite.

noté

——eca»o——

EDITORIAL COMMENT.

The arrival of Easter brings to end one of thﬁ
mildest winters Ontario has ever experienced. The cf)rof
lary follows that it has been an exceptionally fine "f”n.te
for those trying to carry on outdoor work or bulld,m"’:
construction. Winters of such a mild nature as that] ¢
past are always welcome to engineers. The €O 1th3
serious drawback to all forms of construction, anc oig
arrival of spring, we hope, heralds the approact . .o
summer of unexampled activity in all engineering he od
Railroads under construction and extension ; the Jelld
and Georgian Bay Canal schemes; harbors in almo® nd
our Canadian cities under plans for improvements 4
increased shipping accommodation. All these item$ ame
many smaller ones go to make up a gigantic prog’
to prepare for and consider in an engineering way:

— -

LARGE WIRE ROPE.
hy
A large cable which has been used for 18 m(.)ntlcl;lba
lowering so-ton trucks down an incline into a mine 7 e
has been tested at Lehigh University, Pa. A prtiOI'f ¥ If is
worn cable withstood a test of 300 tons. The cable it5¢ iots
believed to be unique in wire rope manufacture; it < nivife
of six strands, each having 19 wires, placed 'z@rogn. oé 19
rope centre, and the centre is composed of six stran 5 'f the
wires each twisted around a hemp rope. ”I“hé,‘,le'r}.sft e,
cable was 7,810 feet,-and it weighed over 125,009:77"
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ELECTRIC RAILWAY STATISTICS.

The growth of electric railways throughout Canada is
Well shown in the following statistics, published by the De-
Partment of Railways and Canals, Ottawa. Two companies
faileq to make their annual report to the Department for
1912, j.e., the Montreal Tramways and the St. John Electric,
CODSequ‘ently, in the statistics given for 1912 it has been
tecessary, as regards the above-mentioned companies, to as-
Sume the figures from their 1911 reports as applicable to the
°H°Wing year.

Operations for the year show growth in all departments
40d a general extension of the electric railway interests.

Mileage.—Track mileage for the past foar years is shown
n the following table :—

1910, 1911. 1912.

Length of Tracks. Miles  Miles  Miles
Length of first main track ..... 1,049.07 « 1,223.73 1,308.17
0gth of second main track.... 242.30  250.74  204.50
Tota] length of main track..... 1,201.46  1,483.47 1,602.67
Ngth of sidings and turnouts..  91.39  103.54 120.84

Otal, computed as single track. 1,382.85 1,587.01 1,723.51

It will be observed from the foregoing that there was an
BCrease of 84.44 in first track mileage, and of 34.76 in second
tfack mileage—a total for 1912 of 119.20. The increase in
Sidings and tyrnouts amounted to 17.30 miles. The actual

B8 for the year in trackage of all sorts was 136.50 miles.

Or purposes of comparison, the following table shows

first track mileage since 1910:—
3 ol AU LS £ S Ty T SRR D ele o 1,047.07
ORI o S s A L oy e MO 1,223.73
143 b S e R e B e R B ) A s e 1,308.17

[mDI'OpCrl_v included double track and sidings.

Capita) Liability.—There was an increase for 1912 of
8;“’309»599 in capital liability, which brought the total up to
122,841,046.
he facts with respect to capital liability since Igio

are ag follows :—
St 1910. IQII. 1912.
S $ 58,653,826 $ 62,251,203 $ 70,820,118
fded debt ..., 43,391,153 49,281,144 52,012,828
T $102,044,079 $111,532,347 $122,841,046

to tt'xr he f°reg0ing statement does not include cash subsidies

mun,‘{ amount of $493,346 received from governments and
. ICipalitieg,

Earnin

o 8s and Operating Expenses.—Gross earnings from
Deration

i in 1912 totalled $23,400,250.31—an increase of
'142,208.61 as compared with 1911.
1“OHOWing were the sources and items of gross earnings

Seyear

asscar earnings—

Fr L TR R R S $22,007,750.15

:}Ght .................................... 1,025,371.03
othﬂ BRRRER I s 12 .. i il dos i o Lt 78,818.66

F car CAEMINGSs IS ETIR ST e 67,022.30
;Otal I eI RS Lol L O S R e $23,178,603.04
ve 'SCellaneous earnings—

Entrtlsmg ................................ $  71,226.65
Reng °f land anq buildings Sociihy oo 21,228.30
Re e 13,836.70
Sale B bt o 56,230.74
B L . L s iuvmi f ot s 4 SN 37,083.08

Miscellaneous earnings ............... 120,671.81
i g
otal Mmiscellaneous earnings ........... $ 320,287.27

0ss €arnings from operation ........... $23,400,250.31
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A comparative statement of car earnings for the past
three years shows the following result:—

Gross 1910. 1911. 1912.
car earnings. $ $ $
Passengers ...t 16,125,044.72 - 19,130,376.22 22,007,750.15
Breimhty 5. ket 575,536.84 744,170.11  1,025,371.93
Mails and express 68,604.11 88,233.13 78,818.66
Other earnings 51,241.07 100,030. 12 67,022.30

dzotal gl v 16,821,376.74 20,063,718.58 23,490,250.37

An outstanding feature in the foregoing statement is the
steady rise of earnings from freight. In 1904 there had been
an increase to $182,143, and in 1906 to $288,105. In 1912
the earnings from freight reached $1,025,372—showing the
extent to which that aspect of public service had grown in
twelve years.

Table 4 will afford details with respect to earnings.

Following is the balance sheet for 1912 :—

Earnings and income—

Gross earnings from operation .............. $23,400,250.31
O Deratin g HEXNETISES ot % da b o s A 14,266,674.63
INETE AT NEE RIS o h UL R Tl ) L e $ 0,232,575.68

1,617,017.78

G OSEATCOmMe S . o s [ oha s e $10,8490,503.46

Deductions from income—
{lEX ek C bt o N B Tl $1,581,802.81
Interest—funded debt .......... 1,570,202.02
Interest—floating debt 193,0068.26
Other deductions 188,582.57

$3,533,655.66

RS b te dee e L s s o s 1,378,006.56  4,012,562.22
Total net income .......... $ 5,937,562.24

The undistributed amount given above relates to the
British Columbia Electric Railway Company, which operates,
in addition to an electric railway, a lighting and power plant.
A separation is not made in the balance sheet of that com-
pany of items which would establish the real net income of
the electric railway interest by itself.

If the undistributed income had been added to net in-
come, as was done in preceding years, the amount of the
latter for 1912 would have been $7,315,037.80, as compared
with $6,592,535.30 in 1911. It would not, however, be strictly
correct to do that, since it represents a total from which
proper deductions had not been made. The definitely known
net income is the sum given in the balance sheet, although
it is probably below the actual amount.

The amount of dividends and bonuses paid during the
year was $4,229,005.75. These payments were equal to 5.9
per cent. of the total stock issue.

Following is a comparison of deductions from income
for the past three years:—

1910. 1911, 1912,
Lagesh LA i T $1,311,053.65 $1,437,045.07 $1,581,802.81
Int. on funded debt 1,440,152.48 1,622,780.11 1,570,202.02

Int. on floating debt  156,546.16  157,843.38 193,068.26
Other deductions 36,106.07  155,140.07  188,582.57
Totalid L $2,053,750.26 83,352,818.53 83,533,655.66

Operating expenses for the year totalled $14,266,674.63
as against $12,006,134.22 in 1911,

The ratio of operating expenses to gross earnings was
60.71 per cent., as compared with 50.42 in the preceding
year.
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Following was the distribution of operating expenses in
1912, with a comparison for 1911:—

Operating expenses. 1911. 1912.
Maintenance of way and :
SEIUCLUTES  vieocseessonns $ 020,874.03 $ 1,228,972.10

Maintenance of equipment .. 1,758,280.10 1,850,0390.21
Operations of power plant ...  2,001,543.00 2,535,573.10
Operation of cars ........... 5,768,085. 10 6,770,560.47
General. iy T A 1,610,008.62 1,871,626.75

D Ot Al et s A bt e g $12,006,134.22  $14,266,674.63

Following is a comparative statement of the items com-
prising operating expenses for the past three years:—
Maintenance of way and structures—
1910. 1Q11. 1Q12.
Track and roadway. $ 590,363.28 $ 603,408.75 $ 857,706.61

Elsctric dine’...neil 152,874.47 163,108.01 227,562.04
Build’gs and fixtures 54,657.28 64,607.11 143,613.40

Maintenance of equipment—
Steam  plant ....... 38,305.93 46,504.31 50,137.15
Electric plant .....:. 45,148.10 65,145.02 87,570.70
577 - WA M S L 692,276.38 700,600.02 016,755.20
Electric equipment of

CALS) | Cag e s 481,301.83 546,276.52 630,521.52
Miscellaneous equip-

SNt osialn s < 58,815.63 00,831.25 86,053.80
Miscellaneous shop

eXPENSES < e.vo- 202,501.58 192,608.03 67,493.89

Transportation—Operation of power plant—
Power plant wages. 178,389.69 207,118.54  205,858.34
Fuel for power .... 271,410.36  332,584.89 315,010.83
Water for power ... 21,308.33 21,047.47 13,979.30
Lubricants ahd waste

for power plant 10,538.93 10,702.75 11,000.30
Miscellaneous supplies

and expenses 17;016.34 20,126.20 22,051.25

Hired power ....... 1,087,273-72 1,390,810.05 1,001,757-49

Transportation—Operation of cars—
Superintendence 192,567.60  250,459-73 310,300.37
Wages of conductors 1,740,016.70 2,070,624.01 2,423,000.35
Wages of motormen 1,697,096.68 2,024,115.38  2,371,529.39
Wages, miscellaneous

car service 152,050.35  204,408.67  330,771.00
Wages, car house em-

ployees ....... 303,998.76 287,441.56 400,067.61
Car service supplies 04,486.16  151,480.64 161,895.17
Miscellaneous car ser-.

vice expenses .. 183,526.04  300,031.06  304,808.48
Hired equipment ... 42,136.56 55,278.55 73,876.17
Cleaning and sanding

it (- R 65,200.30 80,302.13 86,514.84
Removal of snow and

$08]L APk il 238,881.58 246,043.47 285,662.53

General—

Salaries of general of-

FRCETR. | i «lobs Ryore 236,575.70 = 279,810.40  327,451.00
Salaries of clerks... 202,712.08  250,002.23  274,832.47
Print’g and stationery 33,634.34 44,284.36 53,073.13
Miscellaneous  office

eXpenses  ...... 44,336.11 34,044.72 54,474.14
Stable expenses .... 30,817.44 33,047.06 47,031.82
Store expenses ..... 33,841.10 37,876.19 43,008.89
Advertising and at-

tractions - ...s. 47,411.04 49,048.03 30,7006.15
Miscellaneous general

€XPEenses ...... 133,752.32 165,707.31 154,432.11
Damages ......... 342,120.26  357,270.67  536,273.01
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Legal -expenses 8,784.32 9,107.93 4,406'“
Miscellaneous legal

© eXPEnses  ....- 54,336.64 63,311.08 53,089'47
Rent of land and

buildings = ..... 20,036.74 28,310.05 29,651~68
Rent of track and

terminals  ..... 08,733.70  110,846.74 90,7513
Insurance ......... 118,030.80 = 144,713.85 148,309:34

Public Service.—During the year 488,865,682 passeng®

were carried, exclusive of 125,453,320 transfers, showing

increase of 62,568,800 as compared with IQII.

The carrying of these passengers involved a car mileag®
of 80,402,080 Freight, mail, and express business ha
car mileage of 1,667,075. There was an increase of 8,867)9
in passenger car mileage, and 583,297 in freight car mileag®
over IQII.

The following statement shows the growth of pasS"'nger

traffic since 1910:— .
O RO N B 360,064,876
YT o205 6y 0 S ket b s oahaerd 426,206,792
) (0§ lie SRR T O 488,865,682

The number of tons of freight hauled was 1,435,525 a:
compared with 1,228,362 in 1911. Owing to an el"f"neo"l9
return in 1911 by one of the Ontario companies, the ﬁgul‘ee
published in that year in relation to freight tonnage€ wesk
considerably exaggerated.

e
Equipment.—The following statement will show o

number and classes of cars in service in 1912, with the fig¥”
for the two preceding years:—

Classes of cars, etc. 1910. 195. 191:‘;
Passenger, closed .....i.oveeaaen.. 1,795 1,085 2’366
Passenger, OPEIL oo cseiutonoassosss 004 000 o7h
Passenger, combination ........... 337 455 48
Ereight = 5v: So e el il s . 282 357 3
Mail, express and baggage........ 25 35 7
Combination, passenger and freight = 5 10
Wk Sl i siit AT ®, 108 P
Snow ploughs ...-cee---t P 63 6? 12
S\if'eepers ........................ 97 100 104
Miscellaneous  ...... e T 103 225 /s

R ofalin ataais, sore e b nan 3,780 4,325 AT

Employees.—The number of employees in the servic® ed
electric railways on June 30, 1912, was 14,760, as Comp‘

with 13,671 in 1QII. %
i’
The total of salaries and wages for the year was

261,370.26, as against $8,550,215.04 in I101I.

; , cer’
Salaries and wages in 1912 were equal to 64.91 per the
of the operating expenses, as compared with 70.7 )
preceding year.

The following comparative table will show the pu®
and classes of employees in 1912 and 1911:— o
Employees. 1911. g
General administration— 159
General Officers .. ..t iiivevitandeenee . 163 744

General office clerks ....i..'oivieivissnin 604

Maintenance—
Superintendents
Other emplovees

Transportation—
Supefintendentsrs S UL Smn asgh Farai
Otlier.emplogees’ i .. i ool S biavieis s o

D R R e ey ASAb s STy e LAY S

bef
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WESTERN CANADA POWER COMPANY'S
HYDRO-ELECTRIC PLANT AT STAVE
FALLS, B.C.

E One of the most important hydraulic installations Messrs.
imSCher Wyss and Co., of Zurich, Switzerland, have installed
Canada is the Stave Falls plant of the Western Canada

Fig. 1.—13,000 H.P. Turbine, rear view.
Po
Wer L
fromer C°mpany. The power station is located about 35 miles
of ancouver at the Stave River Falls and utilizes a fall
Ut 100 feet,

la ey building two dams at the upper side of Stave Falls a
TeServoir has been created reaching to the upper end

; this storage capacity, together with the flow
4 1, is sufficient for 28,000 h.p. comtinuously, and
By . 9ad of 50,000 h.p. .
g the SIg the dams additional storage can be obtained
h‘D. Plant e brought up to the full capacity of 100,000
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At present 26,000 h.p. are developed and two units of
13,000 h.p. are installed. The water is taken from a forebay
by means of two penstocks, each having 14'6" diameter and a
total length of 150 ft. The penstocks for the two exciter
turbines are 4 ft. in diameter.

The design of the main turbines is shown on figures 1
and 2. These turbines are of the Francis type with hori-
zontal shaft, double wheels and central discharge, delivering
through a short draught tube formed in concrete to the tail-
race. The level of the water in the tail-race is kept constant
at elevation 110 ft. The level of the water in the forebay
varies from a minimum of 210 ft. to a maximum of 230 ft.,
the head varying thus from 100 ft. to 120 ft. The average
head is r1o ft. Under this head the turbines have to give a
maximum power of 13,000 h.p. on the shaft when running at
a speed of 225 r.p.m.

Regarding the design, the following remarks may be of
interest :— 4

The wheel casing is made of steel plates with heavy
steel angles; it is divided horizontally so that the upper part
can be removed for easy access to the turbine. Heavy angle
irons stiffen the casing so that it cannot spring out of shape

SERIRIE
R RL

O

S g

Power House, Stave Falls, B.C., Western Canada Power
Company.

when taken apart. To connect the casing to the penstock a
taper piece is inserted. The main cover is made of cast
steel, strong enough to withstand a pressure amounting to
twice that due to the static head. The bearings are of very
large dimensions, the generator bearing being arranged in
such a way that it can be sunk by taking out an intermediate
piece under the pedestal so as to allow for dismantling of the
shaft. The outer bearing is protected by a housing, into
which access is allowed by means of a steel tube. It will be
noted that a considerable distance between the two bearings
is allowed, but Escher Wyss and Company consider this ar-
rangement better than to have a third bearing inside the
draught chest which is not free to inspection and thus means
a weak point in the design. The shaft is made in one piece
and of sufficient thickness at the centre to revolve without
the support of a middle bearing and without undue deflec-
tion. The half couplings are forged on both the generator
and the turbine shaft. A strong cast iron foundation frame
supports rigidly the draught chest and cover. No steel gird-
ers are used as foundation, but the whole is grouted in con-
crete. ‘The runners are made entirely in cast steel. Con-
siderable difficulty was experienced by the steel foundries to
cast these runners, but in the end faultless casts were obtain-
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ed and the high efficiency these runners have shown gives
high credit to the designers.
steel, and all steel bolts are provided with suffing boxes and
bronze bushings so as to guarantee smooth working and pos-
sibility of dismantling. The regulating rings have been

The guide vanes are of cast
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ing with the Tespective servo-motor chambers and oil tank.
The spring pendulum contains fly-weights loaded by com-
pressed springs. The larger springs are supported by the
pendulum casing, the smaller ones by the movable discss
which latter are adjustable in the radial direction, whereby

C.—Ceneral Plan of Hydraulic Development at Stave Falls, B.C., Western Canada Power Co.

given a profile of maximum possible resistance and stiff-
ness, which in this case is of great importance, as the dia-
meter of the ring is 9 ft. These rings, as well as all covers,
stuffing boxes, etc., are split horizontally. A regulating shaft
of 10 inches diameter, supported by white metal bearings

JNTAKE DAM

Aw '

R RN
AESERSSSN

mounted on the draught chest,
operates the regulating rings.
The shaft, on the other hand,
is operated direct from the servo-
motor working under oil pres-
sure supplied by an oil pumping

the compression of the springs and therewith the speed of
the pendulum is varied. The speed can be regulated by tu
ing a handwheel on the governor or from the switchboard PY
means of a small electric motor mounted on the pendulum,'
The pendulum shaft is driven by worm wheels from the h‘_’ﬂ'
zontal shaft, which latter is driven by belt from the turbin®
shaft. The movement of the fly weights in the pendulum 2
transmitted to the regulating lever. A relay consisting 2
a dash pot serves as second compensation device. GOVC‘rn'
ing by hand can be effected by means of a hand governlng
valve, which admits pressure to one or the other side of the
servo-motor piston. The oil pressure mecessary for the 2o
ernors of both turbines is supplied by an independent plan®

POWER HOUSE.

plant. The speed governor is
driven by belt from the main
shaft. The servo-motor comsists
of a differential cylinder, which,
by means of pressure oil from
the air vessel produces the
power required for moving the
governor gearing of the turbine. Pipes from wither side of
the piston connect to the controlling valve mounted on the
casing. ‘This valve contains several chambers communicat-

60 TONS ’
60,000 VOLTS
7500K.W. l_
2 250 Eiiwdr W R
? ol = | =L =l
- - b N
12 o 2
. 5 :
90%0" —
_%9:00 &= 0 S
RIS
D.—Elevation and Ceneral Plan of Hydraulic Development
at Stave Falls, B.C., Western Canada Power Co.
3 . 1 alJle
It consists of two complete units, each unit being cap

: 34 res”
of supplying under normal conditions the necessaty ' PEuH

sure il for the governors of the two main and the two

uits
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Gter turbines. Each unit consists of an impulse wheel direct
c°11‘1nected to a three cylinder single acting oil pressure pump
Which draws the oil from an oil tank and forces it into a
Stong gy chamber, whence the governors of the turbines
are feq, After leaving the governors the oil is flowing back
to‘the 0il tank passing an oil filter. The impulse wheels re-
Celve water through pipes connected to the exciter pipeline.
The exciter turbines are single wheel Francis turbines
horizonta] shaft in spiral casing, each designed for 500
" P- When running at a speed of 500 r.p.m. They are fitted
With Escher Wyss and Co.’s patent universal oil pressure

tEOVenn()r of the standard type, and are direct connected to
Wo €Xciters,

With

T.he electrical equipment of the power station, which was
lied by the Canadian General Electric Co., consists of
Deratorg having a nominal capacity ot 7,500 x.w. each
2 exciters rated at 250 k.w. each. They are capable of
U8 a continuous overload of 25 per cent. and are pro-

Supp
% ge

givi

1

ake of Stave Falls Plant, Western Canada Power Co.
dug;
%tng Continuously 9,375 k.w. at a power factor of 85 per
; € normal voltage is 4,000, periodicity 6o cycles.
8uaranteed to run at a speed of 75 per cent. in ex-
€ normal.

¢ Sy are
€sg 6f t

Ceivi};he transmission lines from the power house to the re-
8§ station ig designed for 60,000 volts.

Whil;grhe Weight of the water-wheels is 165 tons per piece,
the generators weigh 160 tons each.

acm:;?e Plant was first started up in December, 1911, and,
Co, 0g t0 a statement made by the Western Canada Power
b4 0t the slightest difficulty was experienced, meither on
the . “TAUlic nor the electrical machinery. It has during

0 . . . .
respe;rteen months run given full satisfaction 1n every

—el -

a ModErn research has brought to our industries, at
tey a;’IVeIIOuS rate, not only new compounds but even
AUte,.. Dents. Prof. H. T. Kalmus, of Toronto, calls
kn‘)w 0 to the fact that of the fifty metallic elements now
inq ?ny Seven were in commercial use 2,000 years ago
e lne?l 100 years ago the rate of addition was less than
y%s al for each two centuries. Within the last twenty-ﬁ‘ve
uskaa Ut fourteen metals have been added to commefmal
’ate_ y Addition at more than one hundred fold the previous
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IRRIGATION SURVEYS AND WATER POWERS.

The magnitude of the work which the Commissioner ot
Irrigation for the Dominion Government of the Provinces
of Alberta and Saskatchewan is doing may not be altogether
realized by readers who have not come in direct touch with
this department. The work is carried on under the Director
of Forestry, and the annual publication of the department
contains many interesting details submitted by the Commis-
sioner, F. H. Peters, A.M. Can. Soc. C.E., D.L.S. Those
portions of his report which are likely to be of interest to
our readers are condensed in the following paragraphs:—

The irrigation office may be said to be the guardian of
the water resources of the provinces of Alberta and Sas-
katchewan, and this naturally carries with it great responsi-
bilities. Much of the work done by this office must neces-
sarily be for the benefit of future generations, and this, un-
fortunately, does not tend to make the work popular with
the people of to-day. This is especially true of the work
of stream measurement that is being carried on, and, be-
cause there is plenty of water for everybody to-day, even the
most interested parties, who are themselves licensed by the
government to use water, do mot appreciate the work and
do not realize that a perfect system of Stream measurement
means a perfect safegard to their water-rights in the future,
and that every dollar spent to-day in prosecuting this work
means many dollars saved in the future in the prevention
of litigation that must arise if the load that is placed on
every stream is not carefully guarded to-day. Our neighbors
to the south have learned this lesson by costly and bitter
experience, and we may, if we will, profit by their experience
and avoid the mistakes which they made during the earlier
days of irrigation development.

Ceneral Information Regarding Irrigation in Alberta
and Saskatchewan.—The irrigation office has jurisdiction
over all water-grants made in the provinces of Alberta and
Saskatchewan (except grants for water-power purposes, which
are handled by a separate branch), and it can be easily
understood that the patrolling of this vast area requires a
large staff and a sound organization.

The remarks here following relate almost entirely to the
work of irrigation inspections. The work done by this office
naturally divides itself into two separate branches: irrigation
inspections, together with reservoir site surveys, €tc:i and
the stream measurement work. The two are closely asso-
ciated and must go hand-in-hand, but are submitted sepa-
rately in order to keep down the bulk of each volume, and
also because the report of progress of stream measurements
is nearly all composed of tables of gauge-heights and dis-
charges, and is more fittingly published in a separate report
for convenience of reference; a brief, general report on
stream measurements is, however, appended hereto.

In order to give an idea of the extent to which irrigation
is now being carried on in the western provinces the fol-
lowing brief summary is given:—

The total amount of water granted by the Dominion
Government in the two provinces is 23,865 cubic feet per
second. Of this total amount 23,536 c.f.s. have been granted
for purposes of irrigation, leaving® 320 cubic feet per second
divided up between the other three classifications; that is,
domestic, industrial and other purposes.

Tn Alberta the total amount of water granted for irri-
gation purposes is 23,114 c.f.s., or enough to irrigate 3,467,-
100 acres of land, according to the authorized duty of water,
which is 2.023 acre-feet per acre.

Of this quantity four large companies have 22,500 <.f.s.,
leaving 614 c.f.s. divided up among 320 individual users;
excluding from these twenty-four applicants who each have
an average grant of about eight c.f.s., we get figures for
the average individual water-user, viz.: 414 c.f.s., divided



74 THE CANADIAN ENGINEER

up between 296 individual users, which gives each one 1.40
cubic feet per second, or enough to irrigate 210 acres of land.

Of the four large companies mentioned above, the fol-
lowing facts may be stated: The Canadian Pacific Railway
Irrigation Company has been granted from Bow River, near
Calgary, 3,000 c.f.s. at low-water stages, 13,000 c.f.s. at high-
water stages, and 15,000 c.f.s. at flood stages. It has ap-
proximately one million acres of irrigable land, and already
has issued over 1,500 agreements to furnish water to settlers
within this tract.

The Alberta Railway and Irrigation Company has been
granted from Belly River 500 c.f.s. at all stages of flow,
from Milk River soo c.f.s. at low-water and 1,500 c.fis;at
high-water and flood stages, and from St. Mary River 500
c.f.s. at low-water and 2,000 c.f.s. at high-water and flood
stages. It should be noted, however, that the total amount
of the grants from Milk River and St. Mary River have
been somewhat modified under the terms of the International
Waterways Treaty recently made between Canada and the
United States. This company has already issued water
agreements to over 800 water-users.

The Southern Alberta Land Company has been granted
from Bow River 2;000 c.f.s. at high-water and flood stages,
and from the South Saskatchewan River 1,000 cubic feet per
second at all stages. This company has developed a very
large reservoir for the storage of flood waters, in order to
utilize its high-water and flood license from Bow River. The
works are not vet completed, and, therefore, the company has
not as yet entered into any agreement to supply water to
actual users. The company controls about 400,000 acres,
about half of which is irrigable.

The Alberta Land Company, operating as a subsidiary
company to the last-named company, and diverting water
through its works, has a grant of 500 c.f.s. from the Bow
River at high-water and flood stages. The works of this
company are not yet completed.

In the province of Saskatchewan irrigation has not been
undertaken to nearly the same extent as in the province of
Alberta, and it has no large irrigation companies. There
has been granted to date in Saskatchewan, for irrigation
purposes, 423 cubic feet of water per second, and this quan-
tity is divided among 241 individual users. This gives each
one an acre of 1.75 cubic feet per second, or enough to
irrigate 262 acres. 4

Licenses are granted by the Dominion Government,
under the administration of the Minister of the Interior, for
the use of water, under the following classification :—

1. Domestic uses.
2. Industrial uses.
3. Irrigation purposes.
4. Other purposes.

The procedure followed in granting water-rights is,
briefly, as follows :— :

Any applicant for a water-right must first submit a me-
morial setting forth the purposes for which the water is
required, and, accompanying this, must be general and detail
plans showing where, and how, and for what purpose, he
intends to use the water and what works he intends to con-
struct or install. The mnext step is an inspection of the
scheme by one of the government engineers, who reports
upon the feasibility of the scheme, the question of water-
supply and '~ the character of the works to be constructed.
The proposed scheme is then advertised in a local paper for
six weeks, in order to give the local public notice of what
is proposed and what water-supply and lands will be affected
Any protests which may be made against the proposed
scheme are carefully investigated. Authorization is then issued
for the construction of the necessary works, and a limit of
time is placed within which the construction must be com-
pleted. The Department’s engineers inspect all schemes
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periodically during construction, and, finally, after the wol’ks_
have been satisfactorily completed and inspected, the water
license is granted. 7

The work of inspection is divided into two districtss
within which the bulk of the work lies, viz.: the Maple Creek
district and the Calgary district; the other schemes, WhiFh
are widely scattered, are inspected by so-called SpeCw]’
inspectors.

The Maple Creek district is under the especial charg®
of a division engineer, who has under his control two 35
sistant engineers, each with a field party working under 1%15
direction. The Calgary district is patrolled by one district
engineer with a small party.

Determination of the Low, High and Flood Dischargeé
of Streams.—In order that the following may be intelligible
it is necessary to explain the procedure in granting water
rights against any stream or other source of supply. The
procedure is to consider that every stream has three separaté
stages of flow; that is to say, low-water stage, high-watet
stage and flood stage, and each water-license is issué
against a specified stage of the stream flow.

In order that, under average conditions, there may
always be enough water in the stream to fulfil the obligation¥
of all the licenses issued, it is clear that the records of this
office must show definitely the quantity of water in the
stream, under such average conditions, at the three stages
above mentioned. It is also clear that it is a most difficul®
matter to determine accurately the flow of the stream at the
three respective stages; in fact, these figures can only D¢
determined with even a fair degree of accuracy after a long
series of stream measurements has been carried on on eaC
stream. It is at this point that the work of stream measuré
ments is indivisible from the work of irrigation inspection-

At the present time the quantities for all the streamss
shown against the stages of low, high and flood ' discharg®
are most inaccurate, as they, indeed, must be, becausé %
the time when they were computed several years ago pra¢
tically no continued series of stréam measurements had bee?
made. ]

During the present winter the -matter of d-etermiﬂmg’
these quantities with some degree of accuracy is being 2
tively taken up. The Department now has fairly complet®
records of stream-flow on several streams from the year 19
to the year 1011, inclusive, and on most of the importa®
streams used for irrigation purposes the records of str
measurement date back to 1909. The procedure being adop?
is as follows: A separate sheet is being prepared for eac
stream, and on this is being plotted as a profile the ' meal
monthly discharges for all the years during which recordﬁ
have been obtained. The profile for each year is plotte
with a different colored ink, so that the different years &
be readily distinguished. After a careful study of each Sh_ee
two horizontal lines are drawn across the profiles Shownllle
the three stages of flow as arbitrarily determined from ¥
study. The horizontal lines are drawn only in penct
that at some future time, when more records. of stream” e
are available, they may be shifted if necessary to more acf: .
rate positions as shown by the increased length of the pert
over which the stream measurements have been gained:

This arbitrary determination of the stage of the Stfean;e
is a most important matter, as, if these determinations der-
in error, the streams will either be over-recorded Or ugﬁrst '
recorded. In the first case, the existing rights of the 1i-
license will be jeopardized, and, in the second cas€ ap i
cations will be refused when sufficient water is really .ava ¢
able and might be put to beneficial use for irrigatio?
other purposes. o

The rivers must be regulated for all beneficial P“fpozld A
in order to develop their maximum potentiality ; 50.5 ot
the regulation of all the beneficial purposes be carried
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by one department so that in studying any scheme of con-
S€Ivation every beneficial use may be given due considera-

tion, F orestry, irrigation and drainage are at present in one.

tanch of this department, under the Director of Forestry,
Ut the investigation and regulation of power production is
a Separate hranch. It is most important that this work should
€ included in the work of the irrigation office, or at least
Placed under the direction of the same head, the Director
o Forestry. The water-power branch has its headquarters
o OttaWa, far removed from the scene of its work, and it
no organization in the West with which to carry out the
Jecessary investigation. The irrigation office, on the other
O:Dd:' has its headquarters at Calgary, and has a VYG:H-
'ganized establishment and a staff of engineers familiar
Z“th Wwestern conditions. In concluding this topic the case
; ,the Bow River is most illustrative. The government an-
slmPateS reservoiring the waters of this river, and in doing
© it must consider the claims of irrigation, and also of
m’er D.I'Oduction. The claims of these two industries are
agonistic, in that irrigation requires the stored waters
s:;r‘\lse in the summer and power production rtequires the
o ed Waters for use in the w1nte'r. The two demands have
th flf adjusted gnd balanf:ed‘, anc! it would be waste of space
i rth.er explain that this question can far better be studied
adjusted within the confines of one branch of the de-
r:srtmerft than by two separate branches, neither of them
Ponsible to the other.
of b_The people in the United States ha\{e, after long years
o ltter experience, come to the conculsion that t]}ese.mat-
S are indivisible. Cannot we save all the inevitable
“flders and heart-burnings of the future by profiting by
€Ir experiences and having this matter adjusted at once?

— e ——

GOOD ROADS IN ONTARIO.

itg Last month the Ontario Good Roads Association held
ealn'nual. meeting in Toronto. On that occa§ion W. A. Mc-
dreg s Chief Engineer of Highways for Ontario, ‘gave an ad-
0 S before the Association, an abstract of which we are
W bleased to present to our readers.
The roadways constructed under the county road plan
s IStear, aggregating 240 miles, and if placed in a continu-
3 a.lne, would extend from the city of Torontf) to O'ttaw.a,
the Uly good stretch of highway. If we keep improving 1n
or o ture as in the past, the prospects are very favorable
the 800d system of highways throughout Ontari0. l?urlng
tari:) ast few years, the cost of highway construct'lon in On-
m has greatly increased. , Highway construction 1s not

laSt

qQu
ATties, nor by the cost of machinery, but rather by the cost

ai:a-ding and drainage, of operating machinery, of.getting
l'ep:'fll out of the pit and out of th‘e qu:.n"r.y, crushing and
eamnng it for the roads and putting it In .place. ’I:ha,t
8 ges that the principal cost of road construction goes into
ag ; of men and teams. Ten years ago, the cost of labor
day L.25 for men, and teams could be had for' $3.50. per
* Thave seen, this year, instances of men being paid §3
% Ay, ang teams $6 a day, with a fair average over Onta}'m
2.50 per day for men and $4.50 and $5 for teams, whl_ch
i thﬁt the cost of road construction is practically twice
g to-day as it was ten years ago.
O Meet the situation, we shall have to dispense, as far
uossrb]e’ with horses and manual labor, and turn our at-
D to road building through the use of machinery. But,
Uid roads with economy by the use of machinery, We
the amneep the mz.ichinery steadily employed. We mus::i steo’s
Pang thUal patching of roads by men and teams, ani b
tereq € County road plan; mot to build roads in short, s
Sections, but rather in long stretches. Ko

Hlea

3s po
$an s

€ Up of the cost of material in the pit, ot stone in the
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Road Drainage.—Last season one of the striking feat-
ures of the year was the heavy rainfall, and from all sides
we heard that the roads were badly worn. Where our roads
went to pieces, under the influence of last season’s heavy
rainfall, it means largely, a lack of drainage; that sufficient
precaution had mot been taken to put a proper crown on the
road, open ditches, and put in culverts where they ought to
be. We have got to drain in Ontario, not for the ordinary
summer weather; but for the heavy rainfalls which come
periodically ; and for the Spring time.

We have a standard type of roadway in Omtario. The
width between the shoulders is 24 ft., the crown depending
upon tHe width of stome, and varying from half-an-inch to
an inch per foot between the shoulder and the top of the
road. . Below the shoulders, there should be 18 inches or two -
feet of drainage. The stone in the centre should depend
upon the traffic over the road, ranging from 8 to 16 feet
wide.

Everybody wants good roads, but few want to pay for
them. They do not want to pay for them with half the zeal
with which they ask for them. It is extremely important in
entering upon any scheme of construction to have an equit-
able system of distributing the cost. The people of 'this
country will not object to pay a reasonable price for good
roads if the cost is equitably placed upon those who should
pay for them. My experience is that, while the people at the

-commencement are often opposed to good roads, when they

begin to see results, they say “That is the road we want, and
will pay what it should cost.”

The increase in the price of property ‘along highways
which have been recently constructed, indicates the real ser-
vice good roads are to a country. We talk about the service
good roads do socially, commercially and otherwise; but get-
ting to practical dollars and cents, we find that property
along a good road is increased to the extent of $500 to $2,000
for each one hundred acre farm. Increase in the value of
property is a pretty good indication of the service these
roads are to the people of the country. Just think what that
means. Every one hundred acre farm is increased in value
to the extent of $500 to $2,000. With eight farms fronting
on each mile of highway, it means an increase of from $4,000
to $16,000 per mile of road. With that increase, property
can pretty fairly be assessed for the cost of a great portion
of the roads. When you take from that cost the proportion
the province is paying under the Highway Improvement Act,
it looks like a pretty good proposal for any part of the coun-
try to construct good roads.

In proposing the construction of a main highway between
Toronto and Hamilton, the people along that highway said,
“If you will construct it, we will pay an annual frontage tax
of one and a half cents per foot for thirty vears.” The peo-
ple on that highway have consented to the plan, and it in-
dicates that the principle, if extended and made applicable
to certain other of the most important highways, could be
serviceable and acceptable, and would help to create the fund
necessary to construct good roads.

It is also argued, and very properly so, that the auto-
mobile should be specially taxed. I will not go into the
question of the destruction of the roads from the use of auto-
mobiles. They unquestionably do considerable injury to the
highways, especially heavy cars which travel at high speed
over stone roads. But it is a notable fact that the automo-
bile owners have consented to pay such a tax; which will no
doubt be imposed. .

Now the population of the towns and their assessment
throughout Ontario is practically equal to the population and
assessment of the townships; therefore, I take it that the
people of the towns and cities are paying.one-half of -that
ome-third, or one-sixth of the cost of the good roads . con-
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structed under the Highway Act at the present time. One-
sixth, I think you will agree with me, is not sufficient.

The Highway Improvement Act has been before the peo-
ple of Ontario for some time. For over ten years, counties
have been offered one-third of the cost of constructing main
roads, and all of them have not yet jumped at the chance.
I do not know just why they have not.

The Highway Act is extremely simple in its operation.
The county is empowered to take over and maintain the main
roads of the county highways used by the people of that
county, and serving the market requirements of the people
of the county. They appoint their own superintendent or
engineer to direct construction for the county council. At
the end of the season they send us their statement of ex-
penditure and we pay them one-third of it. Up to the pre-
sent time we have not had any serious trouble with any
county. Sometimes they say we are a little slow, but we get
there just the same, and they always feet sure of their cheque.
The county council controls these main highways in the same
way as a township council would manage their roads. By
concentrating our efforts and energies on a special system
of highways we follow a principle that is absolutely essential
in any similar form of organization. In any line of construc-
tion you must concentrate sufficient energy on a fixed object
to accomplish that object; to complete it and then go on to
the next.

I have referred to organization. Organization, 1 am
convinced, is the key-stone of the situation. If you get your
orgamization as it should be, everything else will take care
of itself. The superintendent should practically take the
place, with county council, of a contractor. He should be
the type of man who would be a successful contractor.

Another important part of the organization is the fore-
men. Part of the qualification of the superintendent should
be that he is able to select and get to work for him, and with
him, good and capable foremen. What is a foreman? The
word ‘‘foreman’’ explains itself. It means the first man: the
head man on the work, carrying out the imstructions which
have been given to him, and whose special duty it is to get
the men, the teams and machinery to give fair and honest
service on the road. Between the superintendent and the
foremen, you have the essential features of an organization,
and too much car cannot be taken in the selection of these
men.
It is part of the duty of the superintendent to plan his
work, and every foreman should be the first man on the job,
with the day’s operations well planned. Not only should the
superintendent plan for carrying out the construction, but
the foreman should come to his work each day with a clear
understanding of what he is going to do. These are some
of the features of the organization that we should try to
build up.

Contract vs. Day Labor.—I am sometimes asked if it
would not be well to construct roads by contract instead of
under the county road superintendent and his foremen. In
road construction, in my experience, in order to get as good
results from a contractor as from your own foreman, you
must spend too much on surveys and engineering super-
vision to get the contractor to carry out the work. Specifica-
tions must be so complete that they frighten the contractor
and increase the amount of his tender. The contractor’s
risk is also greater than that of the municipality. I have
seen sections where contract work had been carried out very
close to day work, and going over those two sections, we
could point out the parts which had been built under the
county superintendent and those under the contractor. The
time is approaching when, I believe, we can construct high-
ways by contract, but for the simpler class of work, the best
and cheaper results will come through carrying out the work
under the superintendent and foreman. When we cume to
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make provincial highways, such as are constructed as staté
highways, I can understand where the plant of the comtract:
ors can achieve excellent results, and his organization can
be made of good use. But, up to that stage, 1 believe that
the best and cheapest results can be obtained by doing theé
work under your own superintendent.

Freight Rates on Stone.—It is important to get stone; il
a great many parts of Ontario, as cheaply as possible. There
are parts of the province where there is plenty of stoneé
where the people would like to exchange it for some of the
good soil of Essex County and Elgin. Down in Leeds and
Frontenac there are points where they have so much stoné
that they do mot go off the highway to procure it. But 1'“
certain parts of Ontario the only way we can build roads 15
to ship stone by rail. That is expensive; and there has been
a feeling among the counties that the freight rates ought t0
be reduced. I believe-so too, and we have placed the matter
before the railway corporations from time to time. The last
negotiations entered upon were the most hopeful I have yet
undertaken, and I hope we may be able to get the freight
rates on stone reduced. But we cannot control two ends ©
the string at the same time. The point has been raised that
if we get the freight rates reduced, we are merely creating
an opportunity for the quarry owners to increase their price
for stone. If we can in any way get the cost of hauling the
stone reduced, we shall expect to look after the other end of
the problem.

It is the fact that in every township, if you have not 8’°°_d
main roads at the present time, as soon as a good road _’5
constructed, it becomes a main highway, it draws the heavier
traffic from other roads. From this cause, townships ¢a"
construct an inferior type of highway for branches from the
main road, which will serve equally as well the traffic over
them. My view is that every road in Ontario, travelled t°©
any extent, should receive a due degree of care, and by PT°
per organization in our townships, this can be done.

To get a system established in the townships, there aré
some essential steps. Omne is that you place your system oZ
a cash basis. Collect what you require as a special levy °%
the assessment of the township, what your people can afford:
When that sum is a sufficient amount, say $3,000 or $4,°°f”
you should have a foreman appointed under the townshbiP
council to take charge of the expenditure. By starting early
in the year, he can, with the grading machine, grade the
roads at the time of the year when earth is in a suitable state
to be handled. We often see grading in progress omn clay
roads when they are as hard as bricks. That is a mistak?'
Road comstruction should go on at the time of year that 13
most suitable. The foreman should be out early in the
Spring as soon as the soil is fit, to do all the grading that 1®
required for the year. By using the log-drag om the 102 2

after grading, for maintenance you do not have to repeat the

grading operation and it becomes permanent. But the 108°
drag is useful only as you make it part of a system, and tb€
organization of that system ought to be the duty of the
township foreman. After the grading of the year is d"_me’
when the streams are low and the ditches dry, that is the ti®®
for him to build the small bridges and culverts. Gravelling’
if there is gravel in the township, can be let by contract, 34%%
carried in when the grading is finished. In the fall, drat?”
age should be completed. By employing a permanent fore
man you create in him an experienced employee who will beé
able to bring that skill to play upon your highways such 23
other countries have found necessary.

>

On page 440 of last week’s issue, in conmection wit
report of the Canadian Society of Civil Engineers, Mr.

; i35
Elmont’s name appeared as Mr. Almonte. The mistake "‘;'
as sU

h the

made as a result of the compositor following the copy
plied by the verbatim report of the discussion.
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STEEL FORMS FOR CONCRETE
CONSTRUCTION.

.The application of steel forms to conduits, culverts and
ains is dealt with in the following article by William Mayo
fnable. From his experience of many years on reinforced

oncrete sewage and drainage systems he is well qualified
' write on this subject. In “The Cement World”’ of
aMuary, 1913, dealing with the use of steel forms as above,
€ Writeg ;—
2 From the very earliest days of concrete construction un-
Ul the Present, the use of steel for building forms has been
::::tamly increasing in favor. Irfm the earlier days steel was
®sorted to occasionally by individual contractors who de-
SI.g.ned and built their own equipment to meet particular con-
e:tolons:_OY by builders experimenting to a‘scertai.n some more
fomica] method of providing for their centering.
to The use of corrugated steel, either plain or galvaxnized,

SUupport floor loads, both as temporary centering and to
a:teleft in |place permanently, represented one of 'the earlit?r

Mpts to employ steel for concrete construction. This
Particular material, corrugated steel sheets, has continued
D Use for the same purpose, but has found a much wider

€ld of Tecent years as lagging to support concrete floors of
4t slab construction in those cases where the appearance of
abieoorrugations on the ceiling is not .conside.red objection-
earl. This is probably the rpost consplcuqus instance of an
They]tYDe ?f steel centre which has come into cc?mmon. use.
ma OW price of corrugated steel and thf.) ease th.h which it
Dre);-be placed and -moved on work of this kl_nd without ap-

] 1‘}‘%1@ damage makes it the material which appeals to
Uilding contractors generally.

. he application of steel in the construction of forms for
Trgglnleering work generally, however, has been brought about
ia i:Y t.hrough the efforts of a few con'cerns that are s;i)e(f—
Cat.l'ng in this line. The reasons for this 'are that t%le fa' ity

100 of stee]l cannot conveniently be carried on by individu-

COntractors with the facilities” which they pOSsess, .af.nd
Wi;:; Contractors generally are not usually sx{i’ﬁciently famllll:;

o the r?QUiremefnts of steel form deslgpmg to be ab e.d
fronfn their own forms and have t_hem built for them. Aside
Stee] the fact that there are certain fuf]dan.:entafl patents on

forms, there is another reason which likewise has oper-

t0 cause the steel form business to be developed as a
acC:ate industry, and that is the very great advantage that
Dar €S to the user of the form by being able to lefise ap-
s suitable for this work, instead of being obliged to

b : 5
Iaiyjt:e full price of having the forms made for his particu-
ob, ;

Stee] forms are in more extensive use in the construction
OﬂSWers, drains, conduits, tunnels and . such engi.neerim.g
.S than in any other kind of construction. Works' of this
erPtOSseSS certain characteristics that are mot cor.nmon to
bloye ¥Pes of work upon which concrete 1s extensively em-
c ang They extend from conmderable' distances .wuhout
mmpoz of section, and they are always, in whole or in part,
T ap ¢d of curved surfaces. A form to construct a sewer
aqueduct must be designed so that it can be used over

for ik again very many times. It is not at all uncommon
,struqi;) m to ’be. used as many as 3.0 tim(_as pver in the cfm-
It s “nn of a single sewer, while in building construction
times usual for a form to be used over more than 3 or 4
for N one building. Thus, it is readily seen that the forr.n
ueCess;c”nduit should be made much more durable than 1s
tha'n a‘?’ for a form which is not e_xpected to be ;e-used mor'e
O aly kiery few times. The use of steel for for‘ms for COnd'{;lt
Dosit; nds provides a form which is not u};ur_ed at all by
deﬁnit 1ng the concrete, but which will retain its shape 1n-
€Y. This, however, is but one advantage of the use

Ofs

THE CANADIAN ENGINEER : 477

of steel on such work. In conduits of all kinds it is neces-
sary to economize space in order that there may be room for
the workmen inside of the conduit and also room for shifting
the forms themselves. Wooden centres, in order to secure the
necessary strength, occupy so much room with their bracing
and other frame-work that it is very mearly impossible to ar-
range to shift them with the necessary degree of ecomomy.

In conduit work there are two different methods by which
the work may be carried on so far as the forms are concern-
ed. Forms for one section may be set up, concrete deposited
about them, and the forms then removed and carried forward
for another section, the process being repeated thus until
the entire structure is finished. If the work is carried on in
this way it is not necessary to pull one set of forms through
the conduit which is occupied by another set. The other
method of conducting the work is to provide the forms for a
given length of conduit and constantly to convey the forms
from the (portion of the conduit which is completed through
the portion of the conduit which is being constructed, and to
set them up in front, where the conduit is to be extended.
It may readily be seen that with wooden forms the first of
these methods implies taking the forms apart into many
pieces, carrying these out of the ditch and assembling them
again in a new position; while the second method implies
taking the wooden forms apart in panels and conveying
these panels forward through the bracing which supports the
panels upon which the concrete is being placed. These are
both extremely laborious and expensive processes with wood.
With the use of steel forms they are rendered extremely easy.

On conduits of moderate size, where the depth of the ex-
cavation is mot very great, it is usually found more econom-
ical to shift the forms from one position to another without
conveying them through forms already set up. Steel forms
vhen used in this way are provided with a carrier of some
kind, usually a series of small wheels attached to the sides
of the form, by which they may be conveyed forward with-
out being taken apart at all. Thus 100/, or over 200 of cen-
tering for a sewer may be moved at one time, it merely be-
ing loosened from the concrete by means of turnbuckles,
lowered upon wheels and pulled out with a line to the new
position in which it is raised to the proper height and braced
to the proper width. This is called pulling the forms *‘en
train.”’

Where a section is circular the same form may be
used to form the invert as is subsequently used to
form the arch, but usually the form for the invert is
kept separate from that for the arch, the invert be-
ing built first and the arch built subsequently. In circular
conduits a centre for either invert or arch consists of plates
bent to a little more than half a circle. stiffened by angle-

‘irons rumning longitudinally, joined together at intervals by

simple fasteners so as to form a continuous trough, and
placed in such a position that it may be collapsed or stiffen-
ed, if necessary, by means of turnbuckles.

A circular section is by no means adopted for most of
the larger sewers or drains. In some of. these structures the
bottom, or invert, is made with sides having omly sufficient
inclination to keep them free from deposit when the conduit
is in use. The side walls are often perpendicular for some
little distance, and the arch semi-circular. This form of com-
duit can be built in three operations, viz., the invert, the side
walls, and the arch; or may be built in two operations, con-
sisting of invert and portion of side walls, and the balance
of the side walls and the arch together. ~Modifications of
this design are very common, in some cases the side walls
being slightly curved. Egg-shaped and flattened elliptical
conduits are often required, and these, as well as the circular,
lend themselves to the use of steel in their construction. It
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is, of course, obvious, however, that the circular and semi-
circular sections, being in such common demand, can usually
be comstructed much more cheaply than other sectioms, be-
cause forms for them can be used on many different con-
tracts in succession throughout the country. Engineers are
generally well aware of this fact, and take aavantage of it
in making their designs. There is scarcely an important
sewer system which has been constructed in this country in
recent years upon which the half-round collapsible centre has
not been used to a considerable extent.

Generally speaking, it is-more ecomomical for the con-
tractor to build a sewer in two sections, the invert first and
the arch subsequently, no matter what the cross-section of
the sewer may be, than it is for him to pour the entire struct-
ure in one operation. It is also generally preterred by emn-
gineers that the invert shall be constructed and the forms re-
moved for inspection before any work is done on the arch,
and where sewers are reinforced with steel, the splice of the
steel is generally made about the springing line of the invert.
By dividing the work in this way the engineer s avte to in-
spect the most important part of it, the invert, which carries
the actual flow of water, without having to enter the finished
conduit. It is also often preferred that the men should work
in daylight rather than by artificial light to do any work re-
quiring close inspection. There are, however, numerous oc-
casions upon which it is considered essential that the struct-
ure shall be poured as a monolith, and in sucn cases it is ne-

cessary to build the form so as to make a complete circle,

which may still be collapsed and removed conveniently, care
being taken that the joints are so made that one or the other
of the sections may be removed first. If the design is not
very carefully worked out with this object in view, a full round
centre is likely to bind, and become extremely difficult to
shift.

Half-round centres to be pulled “en train’’ have been
made and used of all diameters, from 2’ up to 25. Usually
however, the length of time that a centre must be left in
place on a conduit of the larger size, and the necessity of ar-
ranging the work so that the concrete can be deposited every
day, render it mecessary on large work to design the centres
so that they may be collapsed and pulled through one an-
other. Just when it will be more economical to pull a centre
‘‘en train,”” and when it will be more economical to collapse
it and carry it forward in sections ought to be determined
in connection with each particular construction after careful
consideration of the local conditions, the depth of the excava-
tion, the arrangements for depositing comcrete and the lia-
bility of the work to interruption or injury on account of
having a greater or less amount of open ditch at one time.
Wherever it is practicable to stretch out the work over a long
distance without incurring any liability to damage, there will
be a certain advantage in arranging the work in several sec-
tions and pulling the forms ‘‘en train,’”’ rather than in col-
lapsing them and carrying them through one another; but on
the largest work it is very seldom practicable to spread the
work out in this way, and usually where the conduit is more
than 8 or 10 in diameter more economy will be secured by
building the centre in sections and collapsing one or two or
three sections at a time and conveying them forward through
the assembled sections of form to the new position.

On the large concrete sewers, aqueducts and drains built
in recent years, it has been almost universal with contract-
ors to collapse the centres sufficiently to convey them through
other centres which are supporting concrete which has not
yet set sufficiently to permit the centres to be moved. The
best example of this method of working is found on the new
Catskill aqueduct which supplies the city of New York with
water. This aqueduct is go miles long. Throughout most of
this length water is conveyed in a horseshoe comduit 17’ 6"
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wide and 17’ high, built at a grade which permits the water
to flow without completely filling the aqueduct. Other parts:
of the work are in tunnel, or on viaducts; while that portion
of the work which enters the city of New York is in many
places at a great depth from the surface of the ground-
Practically all of this concrete has been cast on steel forms:

Where the work is conducted in open cut, these forms aré
collapsed and supported upon carriers in the finished aqueé
duct, and they are conveyed through the portion of the W?fk
which is yet under construction and expanded into position
in front. The same method of handling the forms has beer
employed on the new sewerage systems at Louisville, Balti-
more and East St. Louis.

Very large forms adapted to collapse and move forward
in large units have been used on the locks of the Panam?
Canal and for the pressure tunnel of the Ontario Power Co-

In tunnel work, it is sometimes possible to utilize forms
that collapse and pull through in units similar to those us€
in sewer work, but very frequently on account of the dl.f‘
ficulty of getting concrete into place in tunnel work, it 5
necessary to carry on this work with a series of panels Whi‘{h
are attached to ribs as.the concrete is deposited.  ThiS
method is extensively employed in tunnel work for railways
and while not nearly so easy to handle as the form that ¢a?
be moved in large units, it has proved to be eminently prac
tical and economical in work of this class.

In all such work it is customary to build the form$
especially to fit the design of the particular structure in Vie"‘".
and not to attempt to consider the form problem at all 12
the design of the concrete structure. Wherever the length
of the conduit is sufficient, this is the most economical prac-
tice, but where the lengths of the conduit is mot great it “"11
be found more economical to use circular or modified circd
lar forms upon which a standard steel form can be used,—2
form which can be leased for the moderate rental—than t©
adopt a peculiar shape which will require a form built to 0%
der, and consequently an unmecessarily heavy expendittur®
for the form work. It should be remembered that wher®
forms are made of wood to meet any particular conditions,
they cost 12c. to 16c. per sq. ft. of form surface, and that
if the walls of the concrete structure be thin, this amouBts
to over $5.00 to $10.00 per cu. yd. of concrete in place. In -
fact, the cost of forms on very many concrete structures €X°
ceeds the sum of all other costs entering into the concre_te'
The saving that may be made by adopting sections Whlc?
will lower the cost of the forms is so great that every en_gl-
neer should comsider it in making his designs, more espect
ly upon those parts of the system he is designing which are
too short to justify the manufacture of special apparatus for
constructing them.

The cost of a system of concrete storm sewers may ver.y
easily be reduced by 15 per cent. or 20 per cent. of what I
might otherwise be by having careful consideration giVe”
to the cost of the form work, and so laying out the syste®®
before construction is commenced as to secure the gfeat"’st
economy in this item.

All collapsing and conveying methods used on
similar to those described for circular and horse-shoe shap®
conduits are adapted to rectangular or box-shaped culvert®
such as are commonly employed in flat lands where it is ne-
cessary to build drains of large capacity without deep exca¥”
ation. Box-shaped forms for drains with flat slab cover®
should be designed so that the same forms can be used 7
the various sizes of drains in any common drainage systeﬂ"
beginning with the largest on the main line of the S)’St,e
and extending to the smallest laterals. Forms of this K*
are readily madeé 'in such a manner as to permit the remo’?
of panels of various width so as to change the width 27
heigbt. of the conduit wherever necessary.

forms
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HIGH-SPEED BEARINGS.*

By John C. K. Balfry.

When considered in connection with the subject of this
Paper, the term ‘‘high speed of revolution’ is somewhat
Misleading, for one should speak of the speed of journal sur-
face rather than of speed of revolution. For example, take the
€ase of a De Laval steam turbine having a shaft 10 mm. di-
ameter revolving at 30,000 revolutions per minute, and com-
Pare the surface velocity of it with that of a steam turbine
shaft of 100 mm. diameter revolving at 3,000 revolutions per
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Minute, The surface velocity of each is about 51.6 feet' per
Second, but the speed of revolution of the first is ten times
that of the second. .
. With rotary machines of the turbine or electrical kind,
It may he considered that surface speeds of 30 feet per second
e quite ordinary, and 100 feet per second as high. Pres-
Sures, per unit area of projected bearing surface, ifn com-
Mon yse with the kinds of bearings under consideration are
Small when compared with those met with in, e.g., modern
Yailway practice, where 300 Ib. per sq. in. of projected be.ar-
Mg surface is not at all exceptional in the case of driving
axle journals; but the conditions under which these.work
are very different.  Briefly, 50 lb. per sq. in. of projected
faring surface may be considered ordinary, and go Ib. per
5. in. high for bearings of the class being dealt with.
Steam Turbine Bearings.—These may be grouped under

three heags (1) Rigid bearings; (2) swivel bearings; (3)
Concentric ring bearings.

. L. By a rigid bearing is meant one wherein the -she.:ll
*S held rigidly in the housing or pedestal surrounding it.
t ig adaptable where shaft deflection is very small, the sli.ght
Slackness or clearance between the journal and the bearing,
40d also the presence of a film of oil around the journal, be-
Mg  taken advantage of. Obviously, these bearings
e of use only where journal centres are comparatively
Sma]],

. 2. The swivel bearing is no doubt the most widely used
lflnd in turbine practice to-day. Its name indicates one of
e Outstanding features. It is adaptable practically to.all
.0ds of turhines and generators. It allows itself to rafilate
zn the housing about its centre, thus aCcommodat.ing itself
° the deflection of the shaft, so that its use with shafts
vavmg great length between journal centres is almost uni-
tsal. 1t is easy to design the shell in such a way that
aterf“ and vertical movement, required for alignment whe-n
rEEr}ngs are being set at a considerable distance apart, 1S
fadily attained.
\

* Paper read before the Rugby Engineering Society.
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3. The concentric ring bearing has characteristics
which are set forth in the description of it which appears
further on.

The shell of the “‘rigid”’ type of bearing is usually made
of good, close-grained cast iron, and is lined on the inside
with white metal; babbitt, delta, or magnolia metals are
found suitable for this purpose. It is turned on the outside
of the shell to fit the pedestal, in which it is prevented from
rotating by means of dowels engaging in holes in the cap or
cover of the housing; a flange at each end prevents end
movement. There are, of course, other methods of prevent-

ing rotation and end movement, but the above is perhaps .

the simplest. If it is found necessary to water-cool such a
bearing, the problem is much simpler than that which pre-
sents itself when the same treatment is desired for a bear-
ing of the swivel type.

A bearing of the rigid type is fitted to a 2,000 kw. steam
turbine of the A.E.G. type. In this instance the shell is
made of brass, and is lined with white metal. Among the
interesting features it possesses may be mentioned that the
oil, before being admitted to the journal, is passed around
the space between the housing and the shell to render the
oil thinner before use. This appears to have a double effect
on improving conditions of working—the shell is cooled by
the circulating oil, and the friction losses in the bearing
are reduced by the higher oil temperature. The surface
speed of the journal is said to be g6 ft. per second.

The Swivel type is illustrated in Figs. 1, 2, 3, 4 and 5.
Fig. 1 is used with a Melms Pfenninger steam turbine of
3,000 h.p.. at 1,500 revolutions per minute. It is 180 mm.
diameter by 380 mm.
long, and the journal
surface speed is 46 ft.
per second. The shell.
which is made in
halves, is of cast iron,
and is lined with white
metal. The tempera-
ture of the bearing can
be kept below the dan-
ger point by circulat-
ing water through the
chamber shown. A cage
is provided  giving
ample bearing surface for the shell. The housing is, of
course, on the outside, the cage being provided with lugs to
prevent end movement. Dowels prevent cage and bearing
j from rotating. Oil is fed
under pressure into the
annular space in the
housing, through a hole
in the bottom of both
cage and shell, into a
partly annular space
around the journal.

Fig. 2 illustrates a
bearing used with a
1,500 kw. 1,500 revolu-
tions per minute steam
turbine made by the
Brush Electrical En-
gineering Company. The shell is hollow, and is lined with
white metal. The diameter of journal is 5 in., and length 15
in. The bearing is capable of being easily aligned both
vertically and laterally, shinplates being provided between
the cage, which is immediately without the shell, and radial
‘pads which are screwed to the cage. Both shell and cage
"are made in halves, and both are prevented from rotation in

Fig. 3.

Fig. 4.
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the manner shown, end movement being prevented by the
flanges forming part of the housing. It is interesting to
note that the oil, before being admitted to - the journal, is
passed through the hollow shell. Grooves arranged longi-
tudinally, and well chamfered on their edges, are provided
in the top half of the bearing surfaced. The surface velocity
is about 33 ft. per second.

The kind fitted to a Zoelly steam turbine of 200 h.p. at
3,000 revolutions per minute is of cast iron, lined with white
metal. Lubrication is effected by six rings arranged in two
chambers containing three rings each. The bearing is
water-cooled, water being supplied to and returned from the
hollow shell through two unions screwed into the top half
of the shell; these are not illustrated. The ringed shaft is
provided for expansion purposes, and keeps the shell and
shaft always together. This bearing is 60 mm. in diameter
by 250 mm. long, the surface speed being 31 ft. per second.
Qil, after being carried to the upper surface of the journal
by means of the rings, is distributed to the surfaces along
grooves in the white mdetal. These grooves or channels
¢take in’’ at the top on both sides of the ring chambers and
spread away spirally, returning again to the chamber farther
round the shaft. By this means an.effective method of lubri-
cation is obtained.

Fig. 5.

Fig. 3 is an illustration of a bearing fitted to steam tur-
bines made by the British Thomson-Houston Company,
Limited. Tt possesses several interesting features, among
them being its ‘‘clean’” finish and simple design. It con-
sists of a cast-iron shell lined with babbitt metal; the shell
has spherical seats, and the bearing is made in halves. Oil
is delivered into a groove in the white metal and along the
horizontal centre line, and is drawn down by the rotating
shaft. On the side opposite to the oil inlet a second groove
is provided, but it differs from the groove on the inlet side
in being open at its ends thus allowing oil that has passed
under the shaft and has become heated to pass easily away
at the ends of the bearing. Lubrication and cooling of the
upper surface of the journal is effected by means of grooves
leading from the inlet groove diagonally.

Fig. 4 shows a bearing which has important characteris-
tics. It is fitted to generator shafts at the exciting end of
the rotor. When a turbo-generator is passing through a
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critical speed there is a tendency for the shaft to “whip-‘"
In order to destroy this action anl ensure that the shaft W

pass through a critical speed with absolute safety, the bear
ing sleeve is permitted a small amount of radial play be—
tween friction collars. This bearing, it will be noticed, ¥°
made in halves, and the radial sideplates or collars are bolte
in an elastic manner to the shell. It is made by the Britis
Thomson-Houston Company, Limited.

A bearing such as is fitted to turbines of 7,000 kw. €&
pacity when running at 730 revolutions per minute is illus*
trated, together with its accessories, in Fig. 5. It consist®
of a cast-iron shell to which is secured at four positions
pads which allow the bearing to swivel about its centre.
swivel pads are shown in the right-hand bottom corner.
will be seen that the shell is made in halves, secured
comparatively small bolts and nuts. The interior is line
with white metal cast by the “Eatonia’’ process. The oil '15
conducted from the bottom of the shell along the twO oil
ways shown up to the horizontal centre line; there it feed
the two wide channels arranged on each side of the bearing:
These channels are well bevelled at their sides, and extel
almost the whole length of the lining, and have a sealiné
piece at each end. These bearings represent a design which
Messrs. Willans and Robinson, Limited, have used on botB
large and small steam turbines.

The Parsons concentric-ring bearing consists of 2 gu
metal sleeve in which runs the journal. The sleeve iS siy
rounded by two or more gun-metal rings arranged in set®
and separated by an oil or lantern ring. The whole is mous®
ed within a heavy cast-iron outer sleeve, to which the inne!”
most sleeve is lightly secured at one end. This outer sleeve
is spigoted to the housing only, and not to the cap:
means of a loose cast-iron half-ring which fits in the groo¥
stem at the bottom. i

If it is desired to remove the bearing, the cap is fif
moved, and the half-ring rotated until it is free of the p€ est?
and bearing. It is then possible to slide the bearing €% p
ways off the shaft. There is a clearance of a few thousandths
of an inch between the rings and sleeves. Oil finds its .
into these spaces, tnd thus there is a hydraulic cushion W ¢
dampens those vibrations which are inseparable ‘from shaft®
having speeds of rotation.

st &8

COAST TO COAST.

Toronto, Ont.—At a meeting of the Hydro-EleCtr.IC
Power Commission held recently an important chang®
policy was decided. Hereafter the Commission will n°F A
quire easements for right-of-way but will expropriate the
cessary strip, 66' feet wide, required for transmission Hoes
This departure will apply to the extension of the Nid&?
transmission line from St. Thomas to Windsor as W€
other contemplated extensions in the Midlands district

in eastern Omtario.

unt
Montreal, Que.—In the course of the work of the Moeen
Royal tunnel many interesting speciments of rock haveé ont”

met with and definite proof of the volcanic origin of he
real’s mountain obtained. The indications, according e tg’
engineers, show: that the mountain was at one time eitbe-r ae,
active volcano or that lava forced its way up a central Orlﬁﬁs.
bursting and breaking the summit of the mountain, b¥ of
sibly never actually spouting forth as an eruption. Numci-
ous fossils have been found and also a particularly fin® Spelso
men of crystallized calcite. Copper and iron pyrites are ?
evident in some of the rock.

cov
Montreal, Que.—The experts working on street Ca;’{ogt’
gestion of this city have prepared their report for the
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Teal Tramways Company. These plans cover a gradual de-
Velopment designed to be spread over the next couple of
Years, ‘and eventually the development will care for the popu-
lation for the next ten or twenty years.

It is stated if the proposals of street extensions, etc., are
Carried out, the company will find it necessary to order 2.0
€ars in addition to the 200 now on order. The total expendi-
ture will amount to from $8,000,000 to $10,000,000, which
the company is fully prepared to make.

Providence, R.l.—The Narragansett, the first of the
Grand Trunk boats for Atlantic coastwise trade, from the
shops of Harlan and Hollingsworth, Wilmington, Del., has

een launched recently. The Manhattan, a sister ship, will
be launched later. Both have been designed by Mr. Kirby,
of New York and Detroit, a well-known marine architect, who
3s designed some of the largest steamers on the Great
akes. These vessels have been built for the CentraliVer-
Mont Transportation Co., and were financed a year ago by
the sale of $1,500,000 bonds. The Narragansett is of steel,
and hag g capacity for 700 passengers and 500 tons of ex-
PTess freight. The Narragansett and Manhattan will ply be-
tWeen Providence and New York.

Sarnia, Ont.—Wireless machinery is being iustalled in
the Wireless station at Point Edward by the Canadian Mar-
£onj Company, which will be in charge of the station and will
OPerate it for the government on a percentage basis. The
4PParatus consists of two sets of dynamos connected
“Ngines, so that if one machine with two eight-horsepower
8asoline hreaks down, the operator will have a second gen-
er‘amr to fall back on. The sending radius of the machines
WUl be 300 miles and will enable the station to work with the

O on the west, or Ottawa on the east. The receiving ma-
Chines ip be able to take a message from any of the high
t.en'Sioll stations on the continent as long as the sending sta-
ton jg strong enough to send out the waves this far. The
Station will he used by the government as well as for s_end-
g telegrams for the public. The charges will be consider-
®ly lower than those of wire lines.

British Golumbia.—Work has been begun by the North-
o Construction Company on the Lulu Island branch of the
Madian Northern Pacific Railway. The first camp has been
es.tablished six miles below New Westminster and a second
Wil be located a mile further west. The latter will undertake
€ Construction of the two miles of trestling across the. mus-
®8 Which exists here and for which two million feet of lum-
T will be required. According to Mr. J. M. Mercfir, general
manage!‘ of the construction company, this line will be com-
lflete(i by the end of May. The line from Port Mann to Ya!e
sls Il_ow nearing completion but it is not expected that a train
Svice wil be operated until about midsummer. All the sta-
t:;ns from Port Mann to Yale have been named and the con-
sta:-t for their construction will be let in a few days. These
L h‘°n5 will be Port Mann, Langley, Glen Valley, Mount
pe Man, Matsqui, Sumas, Mountain, Chilliwack, Rosedale,
°pk“"1h St. Elmo, Floodville, Hope, Trafalgar, Yale.
-wasmngtOn, D.C.—The failure of Congress to enact
Sislation at the session just closed to extend the Burton
°t Which limits the amount of water diverted on the Amerl-
side of Niagara Falls for power development to 15,600
Wat, Means that the Americans can increase thg amount of
‘T used for this purpose and that they may import more
E 8enerated on the Canadian side.
videThe treaty between the United States and Canaga ftro(;
for S that 25,000 feet per second of water may be diverte
Wer purposes for each government. The Burton 'ACt
tion, which was originally demanded by the American

fier,

Testrio

1 . . n-
reStc. SSociations and other organizations, who feared u :
the ‘"Il"cmd use of Niagara’s waters would ruin the beauty ©

alls, has been extended twice.
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Several American companies are preparing to import
power from Canada and use the plants and machinery that
have been idle since the enactment of the Burton law. Gov-
ernor Sulzer states that in the absence of federal legislation
the jurisdiction of the extra 4,450 feet of water permitted un-
der the treaty with Canada, automatically passes to New
York State.

Ottawa, Ont.—Mr. Clyde Leavitt, Chief Fire Inspector
for the Railway Commission, and Forester for- the Commis-
sion of Conservation, is now preparing a statement showing
how the installation of the use of crude o1 tor generating
locomotive power in stead of coal, may prove more advant-
ageous to railways from a finamcial standpoint.

The Camnadian Pacific Railway is mow using oil-burning
engines on its main line between Kamloops and Field, B.C.
The Grand Trunk Pacific and some of the Canadian coast
steamships also burn oil, while the new system is now
in use on many of the railroads in the United States. The
greatly decreased smoke, the decrease in the number of fire-
men required, the economy particularly in intermittent ser-
vice, and the fact that three boilers heated by oil will give
the same amount of steam as the same mumber heated by
coal, all tend to make this new system popular.

The oil is obtained from the oil fields of California, and
if future discoveries in Alberta and British Columbia make
this oil more plentiful its use will be largely extended on
Canadian railroads.

The use of this mew fuel would greatly lessen the neces-
sity for forest protection from flying sparks auu cinders, and
greatly decrease the loss experienced annually by the coumn-
try from this cause.

Vernon, B.C.—This city recently opened a splendid
new power house with a demonstration in which several hun-
dred citizens participated.

The chief point of interest was the new Diesel oil en-
gine which has just been installed, and the operation of
which will enable the city to give the citizens the lowest light-
ing rate in British Columbia, and power rates unequalled by
any city of its size in Western Canada.

The oil plant will be used continuously, the steam plant
being used for auxiliary during the hours when the load is
heaviest, until another 50 h.p. engine is installed and which
the increased demand for power necessitates.

-  ea>e

PERSONAL.

MR. F. N. NEWMAN, manager of The Canadian Fair-
banks-Morse Co., Limited, of Toronto, is on a trip to Eng-
land.

MR. F. J. ANDERSON, B.A.Sc., O.L.S., of the firm of
Anderson and Berry, engineers, has been appointed city en-
gineer of Niagara Falls, Ontario.

KESTER BARR has resigned his position with Mann-
ing, Maxwell and Moore, Inc., of New York, to take the posi-
tion of manager of the Lumen Bearing Co., West Toronto,
to succeed Mr. Fred Ganderton, resigned.

ARTHUR H. BLANCHARD, M.Can.Soc.C.E., Professor
of Highway Engineering, Columbia University, has been ap-
pointed by Governor Sulzer a member of the Advisory Com-
mission on Highways for the State of New York.

MR. H. M. MORROW, formerly assistant manager of .

the Asbestos Corporation of Canada is now in the employ-
ment of The Canadian Fairbanks-Morse Co., Limited, at
Montreal, and will be associated with the motor truck de-
partment.

V. J. ELMONT, A.M. Can. Society C.E., read an interest-
ing paper on ‘“Trusses without Diagonals in Reinforced Con-
crete,” before the Canadian Society of Civil Engineers on

o i v
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‘ the evening of March 6. Following the reading of the pa-
pers and the showing of a mumber of lantern slides, a discus-
sion took place in which Prof. Mackay, J. A. Jamieson and
others took part.

— eca»e

OBITUARY.

GEO. H. PEDLAR died suddenly at his home in Oshawa
while preparing for a business trip to Chicago. Deceased
was 70 years of age, and was president and manager of the
Pedlar People, Limited, a company he established over 50
“years ago, and which through his ability, became a flourish-
ing concern, having at present offices in Toronto, Montreal,
Ottawa, London, Chatham, Winnipeg, and Vancouver. He
was throughout his busy life actively interested in public
and social affairs and a generous giver to all charities.

el

SOCIETY NOTES.

At a meeting held March 14th, the following officers of
the Engineering Society of the University of Toromto were
elected: President, F. E. Mechin; 1st vice-president, F. S.
Rutherford; 2nd vice-presidents, R. E. Laidlaw, K. A. Jef-
ferson, C. K. MacPherson.

—_— > ———

COMING MEETINGS.

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.

THR 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

————-t —

ENGINEERING SOCIETIES.

CANADIAN SOCIETY OF CIVIL ENGINEERS.—413 Dorchester Street
‘West., Montreal. President, Phelps Johnson; Secretary. Professor
(€. H. McLeod. d
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.

TTAWA 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 \Wednesdays of fall and winter months; on other Wednes-
day nights in month there are informal or business meetings,

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

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

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

ONTARIO MUNICIPAL ASSOCIATION—President, Mayor Lees, Hamilton.
Secretary-Treasurer, Mr. K. W. McKay, County Clerk, St. Thomas, Ontario.

SASKATCHEWAN ASSOCIATION OF RUKAL MUNICIPALITIES.—
President, George Thompson, Indian Head, Sask.; Secy-Treasurer, E. Hingley,
Radisson. Sask.

FHE ALBERTA L. I. D. ASSOCIATION.—President, Wm Mason, Bon
Accord, Alta. Secy-Treasurer, James McNicol, Blackfalds, Alta.

THE UNION OF CANADIAN MUNICIPALTIES.—President, Chase.
Hopewell, Mayor of Ottawa; Hon. Secretary-Treasurer, W. D. Lighthall, K.C.
Ex-Mayor of Westmount. 7

THE UNION OF NEW BRUNSWICK MUNICIPALITIES.—President,
Councillor Siddall, Port Elgin; Hon. Secretary-Treasurer J. W. McCready, City
Clerk, Fredericton. !

UNION OF NOVA SCOTIA MUNICIPALITIES.—President, Mr. A. S.
MacMillan, Warden, Antigonish, N.S,; Secretary, A. Roberts, Bridgewater, N.S.

UNION OF SASKATCHEWAN MUNICIPALITIES.—President, IMayor
Bee, Lemberg; Secy-Treasurer, W. F. Heal, Moose Jaw.

UNION OF BRITISH COLUMBIA MUNICIPALITIES.—President, Mayor
Planta, Nanaimo, B.C.: Hon. Secretary-Treasurer. Mr. H. Bose, Surrey
Centre, B,C.

UNION OF ALBERTA MUNICIPALITIES. — President, F. P. Layton,
Mayor of Camrose; Secretary-Treasurer, G. J. Kinnaird, Edmonton, Alta.

UNION OF MANITOBA MUNICIPALITIES.—President, Reeve Forke,
Pipestone, Man.; Secy-Treasurer, Reeve Cardale, Oak River, Man.
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CANADIAN TECHNICAL SOCIETIES

ALBERTA ASSOCIATION OF ARCHITECTS.—President, R. W- Linesr .
Edmonton ; Hon. Secretary, W. D. Cromarty, Edmonton, Alta. it
ASSOCIATION OF SASKATCHEWAN LAND SURVEYORS.—E'resldGn D
J. L. R. Parsons, Regina; Secretary-Treasurer, M. B. Weeks, Regina- e
ASTRONOMICAL SOCIETY OF SASKATCHEWAN.—President, N.
Murchy ; Secretary, Mr. McClung, Regina. ¢
BRITISH COLUMBIA LAND SURVEYORS’ ASSOCIATlON.'-P!'_GSid;k:
W. S. Drewry, Nelson, B.C.; Secretary-Treasurer, S. A. Roberts, Victorid,
BRITISH COLUMBIA SOCIETY OF ARCHITECTS.—President, Hot
Horton ; Secretary, John Wilson, Victoria, B.C.
BUILDERS' CANADIAN NATIONAL ASSOCIATION.—President,
Nesbitt ; Secretary-Treasurer, J. H- Lauer, Montreal, Que. oy
CANADIAN ASSOCIATION OF STATIONARY ENGINEERS._preslds:tj
Wm. Norris, Chatham, Ont.; Secretary, W. A. Crockett, Mount Hamiltof .
CANADIAN CEMENT AND CONCRETE ASSOCIATION.—President, PEC
Gillespie, Toronto, Ont.; Secretary-Treasurer, Wm. Snaith, 57 Adelaide Str
Toronto, Ont. N.—
CANADIAN CLAY PRODUCTS' MANUFACTURERS ASSOCIATION:
President, W. McCredie ; Secretary-Treasurer, D. O. McKinnon, Toronto 2
CANADIAN ELECTRICAL ASSOCIATION.—President, A. A. Dion, OttaW
Secretary, T. S. Young, 220 King Street W., Toronto. 3
CANADIAN FORESTRY ASSOCIATION.—President, Hon.W. A. Charlto®
M.P., Toronto; Secretary. James Lawler, Canadian Building, Ottawa.
CANADIAN GAS ASSOCIATION.—President, Arthur Hewitt, Ger
Manager Consumers’ Gas Company, Toronto ; John Kelilor, Secretary-Treast
Hamilton, Ont. (et
CANADIAN INDEPENDENT TELEPHONE ASSOCIATION.—Presi®oy
W. Doan, M.D., Harrietsville, Ont. ; Secretary-Treasurer, Francis Dagger
Richmond Street West, Toronto. ident
THE CANADIAN INSTITUTE.—198 College Street, Toronto. Pres! e
J. B. Tyrrell; Secretary, Mr. J. Patterson. e
CANADIAN MINING INSTITUTE.—Windsor Hotel, Montreal. Presidéts
Dr. A. E. Barlow, Montreal; Secretary. H. Mortimer Lamb, Windsor Ho
Montreal. . dons
CANADIAN PEAT SOCIETY.—President, J. McWilliam, M.D., LOfag
Ont.; Secretary-Treasurer, Arthur J. Forward, B.A., 22 Castle Bul
Ottawa. Ont. pr-
THE CANADIAN PUBLIC HEALTH ASSOCIATION.—President«w“
Charles A. Hodgetts, Ottawa ; General Secretary, Major Lorne Drum, Ott2

g T

CANADIAN RAILWAY CLUB.—President, A. A. Goodchild; Secretary!
James Powell, P.O. Box 7, St. Lambert, near Montreal, P.Q. ik
CANADIAN STREET RAILWAY ASSOCIATION.—President, patr )

Dubee, Montreal; Secretary, Acton Burrows, 70 Bond Street, Toronto.

"
CANADIAN SOCIETY OF FOREST ENGINEERS.—President, Dr- FemoW
Toronto. : Secretary, F. W. H. Jacombe, Department of the Interior, Otta¥ ats
CENTRAL RAILWAY AND ENGINEERING CLUB.—Toronto, Presidfy
G. Baldwin ; Secretary, C. L. Worth, 409 Union Station. Meets third Tues
each month except June, July and August. a3
DOMINION LAND SURVEYORS.—President, Mr. R. A. Belanger, ottaw
Secretary-Treasurer, E. M. Dennis, Dept. of the Interior, Ottawa.
EDMONTON 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. ver
ENGINEERS’ CLUB OF MONTREAL.—Secretary, C. M. Strange, 9 Bé%
Hall Square, Montreal. identr
ENGINEERS' CLUB OF TORONTO.—96 King Street West. Prestiag
Willis Chipman ; Secretary, R. B. Wolsey. Meeting every Thursday eve
during the fall and winter months. raph?
INSTITUTION OF ELECTRICAL ENGINEERS.—President, Dr, G- y‘t“y-
Secretary, P. F. Rowell, Victoria Embankment, London, W.C.; Hon. Secr®
Treasurer for Canada, Lawford Grant, Power Building, Montreal, Que- 4gat
INSTITUTION OF MINING AND METALLURGY.—President: ES of
Taylor ; Secretary, C. McDermid. London, England. Canadian membemﬂlef
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. 5 KB
INTERNATIONAL ASSOCIATION FOR THE PREVENTION OF sMO
—Secretary R. C. Harris, City Hall, Toronto. 1and+
MANITOBA ASSOCIATION OF ARCHITECTS.—President, W- Finé
Winnipeg: Secretary, R. G. Hanford. ' Sec"et'
MANITOBA LAND SURVEYORS.—President, George McPhillips:
ary-Treasurer, C. G. Chataway, Winnipeg, Man, Mines'
NOVA SCOTIA MINING SOCIETY.—President, T. J. Brown, Sydne¥y
C. B.; Secretary, A. A. Hayward. ) K.
NOVA SCOTIA SOCIETY OF ENGINEERS, HALIFAX.——Preside,ﬂtbmun
MacKenzie; Secretary, A. R. McCleave, Assistant Road Commissioner’s
Halifax, N.S cedith?
ONTARIO ASSOCIATION OF ARCHITECTS.—President, C. P Me
Ottawa; Secretary. H. E. Moore, 195 Bioor St. E., Toronto. ldc"t'
ONTARIO PROVINCIAL GOOD ROADS ASSOCIATION-‘P‘&shith‘
N. Vermilyea, Belleville; Hon. Secretary-Treasurer, J. E. Farewell,

sacﬁ"
F. C

Secretary-Treasurer, G. S. Henry, Oriole. Dobic’
ONTARIO LAND SURVEYORS' ASSOCIATION.—President, J- S*
Thessalon; Secretary, L. V. Rorke, Toronto. din

TECHNICAL SOCIETY OF PETERBORO.—Bank of Commerce Bt_““
Peterboro. General Secretary, N. C. Mills, P.O. Box 995, Peterboro, O 'Booth.

THE PEAT ASSOCIATION OF CANADA.—Secretary, Wm. J. w-

New Drawer, 2263, Main P.O,, Montreal. otary
PROVINCE OF QUEBEC ASSOCIATION OF ARCHlTECTS-——secr‘

J. E. Ganier, No. 5. Beaver Hall Square, Montreal. oot
QUEBEN'S UNIVERSITY ENGINEERING SOCIETY.—Kingstor P

President, W. Dalziel ; Secretary, J. C. Cameron. Regiﬂ"

REGINA ENGINEERING SOCIETY.—President, A. J. McPhersof
Secretary, J. A. Gibson, 2429 Victoria Avenue, Regina. He Ci

ROYAL ARCHITECTURAL INSTITUTE OF CANADA.—Preside“:'e, Hal
Russell, Winnipeg, Man. ; Hon. Secretary, Alcide Chausse, No.5. Be&
Square, Montreal, Que.

ROYAL ASTRONOMICAL SOCIETY.—President, Prof. Louis B+
Toronto; Secretary, J.R. Collins, Toronto. mngn

SOCIETY OF CHEMICAL INDUSTRY.—Wallace P. Cohoe. Cha
Alfred Burton, Toronto, Secretary. 4 uNI

UNDERGRADUATE SOCIETY OF APPLIED SCIENCE, McGIL 3

ncd?

stew""'

VERSITY.—President, W. G. Mitchell ; Secretary, H. F. Cole. pu
WESTERN CANADA IRRIGATION ASSOCIATION.—Presideﬂ*i‘m' p.0

Marshall, Edmonton, Alta. Permanent Secretary, Norman S Ran

Box 1317, Calgary, Alta. rct’d;'
WESTERN CANADA RAILWAY CLUB.—President, R. R. Nield} Sec exce?

W H. Rosevear, P.O. Box 1707, Winnipeg, Man. Second Mon ays

June, July and August at Winnipeg.




