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SUBSTRUCTURE OF THE QUEBEC BRIDGE.

COMPLETE RIIZSUMI,E OF THE CONSTRUCTION OF THE PIERS AND ABUTMENTS—SOME
INTERESTING CAISSON SINKING FOR THE SOUTH MAIN PIER—PLANT OPERATION.

By H. P. BORDEN,

Assistant to Chief Engineer, Quebec Bridge Commission.

NOTE :—Tne construction of the new Quebec Bridge 1s a most illustrative piece of engin;erz'ng, and has been
closely followed, since its beginning, in the talum{zs of THE CANADIAN ENGINEER. Z%e .rlfb.rtru{ture, now
complete with the exception of a few finishing details mentioned in the first paragrap/z.bel_ow, is a vital part of
the world renowned undertaking, and engineers of all countries have been interested in fts progr.es;. In 'tﬁe
following article Mr. Borden has reviewed for us its entire construciion. For greater detail respecting the pi.rs
and abutments the reader 1s referred to previous issues of THE CANADIAN ENGINEER as follows : July 14,

and Oct. 6, 1910 ; June 13, 1911 ; Oct. 31, 1912 ; Feb. 13, 1913, and April 9, 1914.

7 hese deal with their de-

sign and constructional progress. Other articles appearing in various issues refer similarly to the superstructure.
=3

Quebec Bridge was awarded to Messrs. M. P.’:fm.d

J. T. Davis, of Quebec, in February, 1910. This

work has been continued constantly since that. date,
and is now practically completed with the exception of
pointing and cleaning the masonry and dressing the
bridge seats. AR

This contract, as finally completed, is <:_11v1ded into
the following units: North abutment (alterations), 404.5
Cu. yds. ; north intermediate pier, 1,665.6 cu. yds. ; north
anchor pier, 17,736.0 cu. yds.; north main pier, 31,870.4
cu. yds. ; south main pier, 38,279.4 cu. yds.; sogth anchor
pier, 16,073.0 cu. yds. ; south abutment (alterations), 61.1
cu. yds. Total, 106,090 cu. yds.

At the start, a careful study was made by the board
appointed by the government, to determine whether it was
possible to use the old masonry. After a thorough investi-
gation it was found that, owing to the increased weight
of the steelwork, all the old masonry, with the exception
of the abutments, would have to be taken down and new
piers constructed. It was, therefore, decided to move the
whole bridgé to the south about 63 ft., retaining the
original longitudinal centre line. This brought the. nox:th
main pier further into the water and the south main pier
the same distance towards shore, the same centre to
centre length of span of 1,800 ft. being retained. It was
impossible to place the south main pier nearer the river
on account of the wreckage which lies in the water at
that point.

yif I YHE contract for the construction of the piers for the

Before the contract was awarded, a series of borings
Were made at and about the location of the two main and
anchor piers. Nineteen borings in all were taken, each
borine penetrating at least 15 ft. into solid rock in order
to make sure that it was bed rock rather than a boulder
that had been struck. These borings showed that bed
rock would be encountered approximately at El. 0.0 on
the location of hoth north and south main piers, which
elevation was about 101 ft. below extreme high water and
70 and 85 ft. below the bed of the river on the north and
south sides respectively. The formation of the bed of the
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river on the two sides, however, was found to be totally
different. On the north side heavy boulder formation was
encountered for the entire depth, the boulders being
closely packed together with coarse sand and gravel. On
the south side the borings showed sand formation for the
entire depth with only a sprinkling of boulders at various
points. The bed rock was a hard sand-stone, called
“‘Sillery grit,”” overlaid with a red and gray shale. On
the south side 2 ft. of hardpan overlaid this shale.

The caisson for the north main pier was started first

and was constructed at Sillery, about 3 miles down the
river. This caisson was 180 ft. long and 55 ft. wide. It
was constructed of 12 x 12-in. southern pine with a cut-
ting edge of the same material 30 in. square. This cutting
edge was shod with a 6 x 12-in. oak timber ihstead of the
steel shoe, as usually used. It was claimed in this case
that if any distortion of the caisson' took place the steel
shoe would tend to prevent the caisson from readily re-
adjusting itself—as would be the case with a wooden °
shoe—and that the wooden shoe gave sufficient service
during the process of sinking. The caisson had a work-
ing chamber 8 ft. high in the clear, divided by longitudinal
and transverse bulkheads into 18 compartments. It was
built in the winter under a construction shed, thus en-
abling the men to work without interruption from the
weather. The caisson was built over launchways with a
109% grade which led out into deep water. The walls of
the caisson were built up about 4o ft. before it was
launched. When ready for launching, the caisson was
lowered down to its inclined position on the launchways
by means of heavy jacks. When everything was ready
an impetus was given by jacks placed at the rear hori-
zontally, and launching was effected without mishap.
. It was towed to the bridge June 14, 19710, and placed
in position over the site which had been previously
dredged to an average depth of about 20 ft. in order to
push ahead the work of sinking as fast as nossible.

The work of filling it with concrete was started im-

mediately and some 2,000 vds. of concrete had been de-
posited before the caisson began to touch bottom as its
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corners. The caisson was leaking to a certain extent,
but could be readily kept dry by means of two pumps.
At this time, however, an accident happened to the boiler
equipment and before it could be repaired the caisson had
been filled with water to such an extent that it grounded
on an uneven bottom. The result was that the caisson
was seriously strained and the seams opened up to such
an extent that it was found impossible to keep air in the
working chamber. It was decided to remove the concrete
from the caisson and tow it to St. Joseph de Levis and have
permanent repairs made there during the coming winter.

In view of this accident a re-consideration of the
masonry design was made by the board, with the result
that it was decided, in consequence of the difficult sinking
on the north side, to use two caissons for the north main
pier and to use the reconstructed larger caisson for the
south side, where the sinking operations would be much
simpler and the material to be penetrated would be, as
shown by the borings, composed mostly of sand. This
entailed the abandonment of the enlargement of the south
main pier and meant the sinking of a caisson south of the
old pier and entirely distinct from it. It was, therefore,
decided to sink this new large caisson, or caisson No. 1
as it has been designated, 65 ft. nearer the shore, or south
of the existing main pier, and to sink the caissons for the
north main pier the same distance towards the river, or
south of the existing north main pier, thus making the
span 1,800 ft.—the same as that of the original bridge.
This change in the plans allowed the board to keep the
centre line of the bridge coincident with that of the old
structure which was a very important item, as it would
avoid the large expense of changing the location of the
railroads approaching both ends of the bridge.

It was found that caisson No. 1 could be satisfactorily
repaired in dry-dock, and on May 28, 1911, it was floated
out and towed up the river about nine miles to the site
on the south side which, being exposed at low water, had
been carefully levelled off. At extreme high water there
is about 15 ft. of water over this prepared bed. As the
caisson from its construction had a pretty deep draught,
a false bottom was constructed with a view to decreasing
this draught before floating into position. The result was
that the caisson floated with a draught of 11 ft. and was
placed in its exact position for sinking without serious
difficulty.

The openings in the various shafts were then left un-
obstructed in order that the rise and fall of the tide would
not lift the caisson from its permanent bed. This caisson
was left in this position throughout the season of 1910,
the work of the contractor being directed towards the
‘sinking of the caissons on the north side of the river.

Caissons Nos. 2 and 3, for the north main pier, were
constructed-at Sillery on the same location as caisson No.
1, the same details of construction being followed through-
out. Each of these caissons were 85 ft. long by 6o ft.
wide. No. 2 was started June 15, and No. 3 on June
29th, 1911. Both these caissons reached their permanent
location at El. zo.o about October 2oth, 1911.

The average rate of progress of sinking the westerly
caisson (No. 2) was 0.37 ft. per day, and that of the
easterly caisson (No. 3) o.47 ft. per day. It was the
original intention to sink these caissons to rock, but as
the work progressed the sinking became more difficult,
and finally, when the caissons had reached El. z20.0, it
was considered that the foundations at this point were
quite satisfactory for many times the load that the piers
would be called upon to carry.

Bearing tests were made at this point to determine
the supporting value of the foundation. A cube of granite
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2 ft. square was placed on an average section of the
bottom and over this was placed a lever composed of 2
I-beams supported on pin bearings. The short end of the
I-beams was supported against the roof of the caisson.
A hydraulic jack was placed to exercise a definite load at
the end of the longer lever arm. A load of 59 tons per
sq. ft. showed a settlement of only %4 in., practically no
settlement at all being noticed at 20 to 30 tons. As the
average working load at the foot of this pier was only 8
tons per sq. ft., it was considered that the board would
not be justified in carrying the foundations to a lower level.

In the operation of sinking these caissons, the con-
tractor met with considerable difficulty owing to large
bounders fouling the cutting edge, and in several places
this cutting edge was forced inward from 6 to 10 in., and,
as it was feared that if the sinking was continued in the
same manner this cutting edge would be further distorted
and sinking operations endangered, the method of sink-
ing was then changed so as to avoid any such contingency.

Timber blocking was placed beneath the bulkheads
and at the centre of the chambers. A trench was then
excavated all around and below the cutting edge and for
several inches outside the exterior surface of the caisson.
This trench was excavated to a depth of about 2 ft., after
which it was filled with blue clay in bags and when all
was ready the blocking was under-scoured with water jets
and the caisson lowered on a cushion of clay. The clay
tended to act as a lubricant and also prevented consider-
able air leakage, and as all boulders were removed from
beneath the cutting edge before the caisson was lowered,
all further damage to the cutting edge was prevented,
and it was found that the sinking was carried on even
more rapidly.

After the caisson had reached its final location the
working chamber was filled with concrete composed of
one part of cement, two parts of sand, and four parts of
small crushed stone. This concrete was made much drier
than the concrete used in the main caisson, it being found
that concrete deposited under compressed air gave better
results when very dry than in a more or less liquid state.

Concrete was deposited in terraces, the men working
towards the centre from the sides and ends. Great care
was taken to ram the concrete thoroughly round the roof
timbers so that a bearing would be assured under the roof
of the working chamber. ‘After the working chamber was
filled as carefully as possible by hand the shafts were filled
with concrete. As a still further precaution, a rich grout
was forced in through 4-in. blow pipes by compressed air
under a pressure of 100 pounds per sq. in. One hundred
and fifty-four' bags of cement were used in grouting
caisson No. 2, and 274 for caisson No. 3.

Caissons Nos. 2 and 3 were sunk with 10 ft. space
between the two ends, thus making the overall length of
the two caissons 180 ft., the same as No. 1. After they
had been filled with concrete, the space between them was
dredged by a clam-shell bucket to a depth of 25 ft. below
high water, the boulders and hard sand being excavated
with considerable difficulty. Shutters 4o ft. high, made
of 12 x 12-in. timbers, were placed vertically against the
outside walls of the adjacent caissons so as to close each
end of the space between the caissons and overlap about
12 in. on their sides. The bottoms of the caissons were
banked up on the outside with clay dumped in the river
and covered with heavy rip-rap. The shutters were
securely bolted to the caisson walls down to low-water
level, and thus formed coffer dam walls enclosing this
space between the caissons. This space was then filled
with concrete deposited under water up to an elevation of
7 ft. below low-water mark. After the concrete was de-




July 9, 1914.

posited the water was pumped out and the space between
the caissons was then bridged by six old steel girders, 6
ft. deep, resting in pockets left in the concrete in the
adjacent ends of the caisson, the wooden walls of the
caisson having been cut away to allow this to be done.
Afterwards the concrete was deposited in a continuous
mass in and between both coffer dams and caisson, thus
forming a monolith upon which the masonry shaft of the
pier could be carried. The masonry of the pier was then
built up inside of the crib work, which was kept in place
until the mason work had extended above high water.
The sinking of the large caisson for the south main
pier was started July 28, 1912, and was completed October
24, 1912, or at the rate of o.75 ft. per day during the
entire period. The material encountered at this point was,
as indicated by the borings, chiefly sand, and required
that the pier be carried down to rock, which was reached
at ElL o.0, 101 ft. below high water, and 86 ft. below the
bed of the river. The difficulty experienced on the north
side in keeping the cutting edge intact, and also on ac-
count of the fact that the caisson had previously been
oOverstrained, and the fear that it might yet be weak, led
the contractors to take unusual precautions to prevent the
Possibility of any accident happening to the caisson dur-
Ing the sinking operations. For this reason, special ap-
Pllanc:es were devised for relieving the cutting edge from
carrying all the load, and by the use of sand-jacks the
total weight of the caisson was distributed over the entire
bottom area. The manner of using these sand-jacks was
One of the most interesting features connected with the
sinking of thigs caisson, and possibly merits especial
description.
The jacks themselves were of very simple construc-
The cylinders of the sand jacks had an internal
s of 31 in., and were 36 in. long, constructed of
/4-1n.. steel plate with 4-in. lap joint ; two angles 174 x 1 A
X J4-in. reinforced the cylinder at top and bottom. The
Piston was a block of yellow pine 274 ft. square and Gt
10ng. Four feet at one end was round with a diameter of
29 In., thereby allowing 1 in. play in the cylinder. The
lower end of the piston was reinforced by a 274 x 34-in.
welded iron band. During operation the piston was at-
tached rigidly to the roof of the working chamber by long
Screw bolts, and remained there permanently during the
€ntire period of sinking.
In preparing for a drop, the first step was to excavate
a hole under the piston. The cylinder was filled about 24
{)ull of sand, placed in position under the piston, and
t}1]<_>cked up hard against it by means of timbers. While
b]ls Wwas being done the caisson” was supported on timber
bockmg under the bulkheads and other points. At the
Ottom of the sand-jack was a 2-in. iron pipe extending
entirely across the cylinder, the centre of which was split
E“d opened up to allow the sand to escape. This type
ad no bottom to the cylinder, the timbers acting as a
Z“PPOI"C for the sand. Another type used had a steel
Ottom and two 3-in. holes with sliding cover at each

Side at the foot of the cylinder. The operation in: both
Cases was the same.

\then everything was ready for a drop, the timber
blOCkmg suppo:

N : rting the caisson was undermined by a
ater jet and the full load taken by the sand jacks. A
:’f?n Was stationed at every jack, and at a given signal,
2 lg)rded by the flashing of electric lights, each man turned
ydraulic jet with 60 Ibs. pressure into the hole at the
Sgstjom of the cy]i'nder,‘ thus washing the sand out. - The
e Was caught in canvas bags of uniform size. When
i tCaI}Vas bag was full the lights flashed again and the
ater jet was turned off. Another bag was then obtained,

tion.
diamet
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and at the signal the jet was again turned on and the bags
filled. Each cylinder contained in the neighborhood of
16 bags of sand. This operation was continued until the
required settlement was obtained. By adopting the signal
system and emptying the sand into bags, it was possible
to guarantee that the whole caisson was being sunk at a
uniform rate, and that there was no reasonable possibility
of any part of the caisson being strained by being sunk
more rapidly than another portion. As a rule, a drop of
from 1% to 2 ft. could be effected at each operation, the
recurrence of the operations depending entirely on the
nature of the material to be removed. When the drop
had been finished the blocking was again placed under the
bulkheads to take the load of the caisson, and the holes
under the sand-jacks deepened in order that the operation
might be repeated. The greater part of the material ex-
cavated in this caisson, being sand, was forced out
through blow pipes.

Practically no problems were encountered in the con-
struction of the north and south anchor piers and the
north. intermediate pier. Both anchor piers were coa-
structed on a location south of the existing anchor piers.
For the north anchor pier a coffer dam had to be con-
structed around the foundations since the foot of the pier
was below high-water mark. The south anchor pier was
well above high-water mark, so that all excavation was
in the dry. f

The anchorage girders were embedded in concrete
and the first length of anchorage eyebars set in place, two
shafts being left in each anchor pier for connecting up the
anchor eyebars of the main anchorage. It is the intention
ultimately to embed the bottom section of eyebars in con-
crete, but this will be deferred until they receive the full
dead load stress.

The concrete used in the caisson and backing of the
piers was 1:24:5 by volume, except the concrete in the
working chamber, which was 1:2%4:4. The cement was
required to pass a tensile test for neat cement of 450 and
540 Ibs., for 7 and 28 days respectively; and for 1 part.of
cement and 3 parts of sand, 140 and 220 Ibs. respectively.
For the main piers entirely new quarry cut stone was
used. For the anchor and intermediate pier the ‘specifi-
cation allowed the use of stone from the old masonry.
The greater portion of the old stone demolished from the
old masonry was consequently used in the construction of
these piers. The abutments were not radically. changed,
it being only necessary to raise the ballast walls and make
minor alterations to suit the new design.

The masonry in the pier shafts consists of grey
granite rock faced ashlar, laid with alternate headers and
stretchers and backed with concrete, in which were em-
bedded displacer stones usually about 1 cu. yd. in size.
Headers were required to have a length of at least 274
times their build, with a minimum length of 7 ft. Bed joints
were 1% in. throughout and vertical joints 34 in. for 12 in.
back from the face and not exceeding 4 in. wide at
any point.

All stones in rounded ends of main piers were clamped
together and connected vertically by dowels. The upper
18 ft. of these piers were built with cut granite backing.
About 40% f)f the stones in these backing courses were
made to project up through the course above, in this way
giving a very strong vertical bond. The bridge seats
proper are built 2 ft. higher than the surrounding upper
coping course, and are 4 ft. deep, extending to the bottom
of this coping, thus providing heavy stones under the
main bearings.

The anchor piers are in plan about 1 36 ft. long by 29
ft. wide at the bottom, with a batter of 1 in 24, and re-
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duced in section for 41 ft. at the centre to a vertical wall
18 ft. thick, thus forming pilasters at the ends, through
which the anchor wells are built.

Owing to the importance of the work, the contractor
spared no effort or expense: to provide a plant up-to-date
in every respect. :

On the north side a large wooden trestle was built
around the four sides of the caissons, all supported on
piles and cribs. As the current here reaches 7 miles per
hour and there is an average tide of 16 ft. and a maximum
of 20'ft. it was necessary to have this trestle very strongly
built. Platforms extended to the shore from the up- and
down-stream ends of the pier carrying standard gauge
double tracks which formed loops around the caisson and
connected with the concrete plant 6oo ft. inshore and
located at-the foot of the cliff.

The power plant, dining-room for ““sand-hogs,’’ and
two-story bunk house were also located at the water’s
edge—just upstream from the pier. All supplies and
material required were received by rail or team at the top
of the cliff, some 160 ft. above high-water level and were
delivered by gravity to the concrete plant and service
tracks at the foot. A service elevator was operated by
cable and hoisting engine at the top of the cliff which
was an angle of about 45° at this point connected the
tracks at the top with those at the bottom. A stairway
provided means for the men to reach the upper and lower
levels. The board of engineers’ office was located at the
top of the cliff.

At the foot of the cliff were situated the mechanical
plants which furnished the power for the various opera-

tions. To supply compressed air, five Ingersoll-Sargeant

compressors were employed. Four had a capacity of
1,250 cu. ft. and one 2,500 cu. ft. per min. These com-
pressors discharged into a 12-in. main from which 7-in.
branches led into the two caissons. Each branch was

fitted with a gate valve so that the air could be cut out

of either caisson at will. The main pipe was carried in a
sluice of running water about 400 ft. long, which kept the
temperature of the air down to about 75° F. As a conse-
quence, the temperature of the working chamber rarely
exceeded 9o° F., although the service shaft, on account
of the heat generated by the setting of the concrete around
it, generally exceeded 100° F. For this same reason the
temperature of the working chamber reached as high as
110° F. when being finally filled with concrete.

The compressors were at first supplied with power
from six 100-h.p. horizontal boilers. As the work pro-
ceeded it was found that the demand on the compressors
was greater than was anticipated. As a consequence, an
extra 100-h.p. boiler was installed, together with one 500-
h.p., one 75-h.p. and one 230-h.p. boilers, making a
battery of 10 boilers, aggregating 1,075 h.p. These
boilers were all coupled up, and in addition to the com-
pressor plant, supplied power to the power-house, rock
crusher and concrete mixing plant. There were also one
100-h.p. vertical and two 50-h.p. horizontal boilers on the
platform near the caissons, and were used to furnish
power to six 15-ton stiff-leg derricks which were used for
handling stone, concrete, etc., during the sinking opera-
tions. They also furnished power to one 8-in. high-
pressure pump used for washing material in the working
chamber and to two 4-in. pumps which supplied water tc
the high-level tank on the top of the hill, thus furnishing
the water supply for the whole plant.

The plant was supplied with electric light from its
own power set situated near the boiler-house. It was
equipped with a 30-kw. C.G.E. generator, capable of
operating 16 arc lights and r1oo incandescent lights

. where it was unloaded from hopper bottom cars.
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(16 c.p.). There was also a blacksmith and machine shop
in connection, so that all minor repairs to plant and equip-
ment could be made on the job.

The concrete mixing plant was placed just at the foot
of the cliff. Half-way up the slope was the rock crushing
plant. The rock used for the concrete was obtained from
an adjoining cut and was brought to the brow of the hill
in cars which dumped into a chute leading to the crusher
plant. The stone was fed into 2 gyratory crushers which
were capable of dealing with about 500 cu. yd. in 12
hours. After passing through the crushers the stone was
led over an inclined screen of 2-in. mesh, and thence into
a storage hopper bin of about 200 yds. capacity. These
chutes led from this to the concrete mixing platform be-
low, the mouth of each chute being directly over a mixer.
From this platform the sand, stone, cement and water,
were fed in the proper proportions to the mixers under-
neath the platform, which in turn dumped into self-
discharging buckets on trucks, which were hauled to the
caissons by horses. Three Ransome mixers were used
on the work, two having a capacity of %3 cu. yd. and the
other 1% cu. yds. Owing to the conditions under which
the work was carried on the mixers never had a chance
to work to their full capacity ; their best day’s work being
450 cu. yds. for the 24 hours.

The sand used in the concrete was conveyed to the
concrete mixing platform in the same manner as the
stone, i.e., by means of a chute from the upper level,
The
chute was 8 ft. wide by 6.ft. high and was kept practically
full all the time, the sand being taken from the lower end

as required. The coal for the boilers was also delivered |

from the upper level through a chute, which emptied into
2-yard side-dump cars at the boiler-house level. By means
of a track these cars delivered the coal to each boiler-
house as required. On the top of the coal chute was a
double line of rails with balanced trucks, which conveyed
the cement from cars at the upper level to the storage
shed at the level of the concrete mixing platform. The
cars could, therefore, be unloaded as they arrived and the
cement placed where required for use with the minimum
amount of handling.

For the convenience of the ‘‘sand hogs,’
compelled to work on shifts through the whole 24 hours,
the contractor erected both sleeping and dining quarters
for a large number of his men. On the lower level 2
bunk-house had been provided to accommodate about 100
men, and a dining room that would seat as many more.
On the upper level was a similar house with bunhks for
about 60 men and dining quarters of about the same
capacity. On the dock the contractor erected a number
of buildings, which included an office and bath accom-
modation for the inspectors, a hospital with a doctor in
continual attendance, where first aid might be adminis-
tered in case of serious accidents, or regular treatment in
case of minor troubles. There was also provided a coffee-
house, kept at a high temperature, where the ‘‘sand

’

hogs’’ could change their clothes and receive hot coffee

at the end of their shift in the working chamber. In ad-
dition to the above were the usual stores, offices, etc., for
the contractor’s own use. In connection with the hospital
arrangements there was also provided a steel hospital
tank connected with the compressed air system, to which
men suffering from the ‘““bends’” could be immediately
transferred and treated. :

For serving each caisson four 30-in. shafts for ma-
terial and two z0-in. ladder shafts were employed. For
ejecting the sand and smaller stones four 4-in. blow pipes
were used.

who were

The larger boulders were broken up and:
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hoisted through the material shaft in buckets having a
CaP'dC.ity of 24 cu. yd. Four 7-in. compressed air pipes
supplied air to the working chamber and served the blow
pipes. Two 6-in. pipes supplied the water for ‘‘washing”’
th(; §and. One 2-in. pipe supplied high-pressure air for
drilling, etc., and a second 2-in. pipe carried the wires
for the electric lighting of the working chamber and
ladder shaft.

As soon as the sinking was completed on the north
shore as much of the plant as could be spared was moved
to the south side. The men’s dining-rooms and sleeping
quarters were placed on skids, launched into the river,
floated across, and placed in position on the other side.
The layout for the mixing plant, sand chute, coal chute,
etc., was practically the same as on the north side of the
river, all the materials being led to the lower level by
gravity. The stone for the crushers was quarried directly
from the top of the cliff so that one derrick could pick up
the Stone in the quarry and deposit it in the hopper lead-
Ing to the crushing plant half-way down the cliff. While
the boiler and compressor plants used on the south side
Were drawn as much as possible from the north side, yet
'they had to be materially increased. The steam plant
Included three 125- and one 250-h.p. Heine boilers, twelve
I00-h.p. locomotive boilers, and seven Ingersoll-Rand and
In:‘:’e.rsoll-Sergeant air compressors delivering to 2 coupled
receivers from which a pair of 12-in. mains led to the
Caisson and were carried for about 200 ft. in a wooden
tume constantly filled by water. This reduced the high
emperature developed at the compressors to about 80°
;.rvlv the working ch'ftmber of the caisson. There were also
i O 12-in. Worthington high-pressure pumps which de-
flvered water to the caisson for the hydraulic jets used
Or excavation.

i On account of the very high tide which prevailed at
€ site, the air pressure in the caissons constantly varied
and Was controlled by an operator in the compressor house
who ad]ysted it to correspond with the indications of an
automatic register showing a continuous tide pressure.

_ The stone from the quarry on the top of the cliff was
delivered by derricks into a No. 8 McCully rotary crusher
near the top of the bank, which broke the larger pieces
and delivered them through a chute to a No. 5 Allis-
Chalmers crusher about 25 ft. below it. The second
crusher reduced the stone to a diameter of 2 in. and de-
livered it through another chute to a storage bin adjacent
to th_e sand bin. Both stone and sand bins delivered by
8ravity through gates to measured compartments in a
triple charging hopper just below the floor of the work-
Ing platform. This hopper was lined with steel and had
a compartment into which the requisite number of bags
of cement were poured by hand. The hopper gate was
Operated from the charging platform and delivered all of
the aggregate for one batch of concrete to one of the two
ansome mixers under the platform, which discharged
to 15-yd. bottom-dump Stuebner steel buckets which
Were set in pairs on 2 coupled cars drawn by one horse
on a 6oo-ft. service track to the main pier caisson, or to
the anchor pier, where they were unloaded and emptied
by the derricks installed there.

i The compressed air, with a maximum pressure of 40

S. per sq. in., was delivered to the working chamber of
the south caisson through two 12-in. pipes, as stated
above, which in turn was distributed into four 7-in. mains.
Water at 100-1b. pressure was distributed around all
sides of the working chamber in a horizontal main
croom 4 to 6 in. in diameter, provided in each of the 18
; Mpartments with a valved outlet and a jet pipe with
“In. nozzle used to loosen the sand and excavate the earth

in
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and gravel. Each chamber was also provided with a
6-in. vertical blow-out pipe and with electric lights. The
caisson was fitted with six 3-ft. material shafts, each
having a Moran air lock with four 3-ft. ladder shafts
having simple air-locks composed of short upper sections °
with top and bottom diaphragms, and with one large man-
lock. The latter was a 6-ft. horizontal steel cylinder
about 30 ft. long, located on the deck of the caisson, and
was built permanently into the solid concrete of the pier,
being approached through a 4 x 4-ft. vertical stair shaft.
The lock was large enough to accommodate many ‘‘sand
hogs’’ at once, thus greatly expediting the entrance and
exit of each successive shift, effecting an economy of air
consumption and considerably reducing the waste of
lock air.

A hospital lock was also established on the shore near
the ‘‘sand hog’’ house. Under moderate pressures, 100
men worked 8 hours in each shift. As the pressure in-
creased the lengths of the shifts were diminished to a
minimum of 1 hour. As many more sand hogs were re-
quired to carry on the work, great difficulty was experi-
enced in securing enough men, so that eventually the
number of men in each shift was considerably reduced.
Some of the men lived in an adjacent boarding house
provided by the contractors, but the majority of them
lived in local villages up to five miles distant.

At the present time the contractor is at work pointing
the joints in the masonry and cleaning these piers thor-
oughly by sand blast. There is also some work still to
be done on the dressing of the bridge seats. This work
is very important and has proved a very difficult operation.
These bridge seats are about 32 ft. x 261 ft. and it is
necessary that they should be absolutely level to distribute
the load from the main steel pedestal, the base of which
is shipped in four pieces. It requires about six weeks to
complete the dressing on one of these beds, and it has
been found that the work can be done with such accuracy
that not more than a variation of 2/100 of an inch is
possible.

This work is under the supervision of the Board of
Engineers, Quebec Bridge, which is composed of C. N.
Monsarrat (chairman and chief engineer), Ralph Modjeski
and C. C. Schneider.

——e-_—e— —

RESERVING WATER POWER SITES.

Consistent with the policy of the Dominion govern-
ment to preserve the water powers for the people, the depart-
ment of the interior is placing under reservation all vacant
Dominion land that the superintendent of water powers may
recommend to be valuable for the development of water power,
says Conservation.

Six whole sections of land, in township 108, range 6, west
of the sth meridian, have recently been reserved from dis-
position of any kind until the engineers of the water power
branch have had an opportunity to make a complete survey of
the famous power site at Vermilion falls, on the Peace River
in northern Alberta.’

) Similar reservations have been made on the various rivers
in the provinces of Manitoba, Saskatchewan, Alberta, and
in the railway belt of British Columbia. Particular mention
might be made of reservations covering land contiguous to
Grand Rapids on the Athabasca River, the various power
sites .on the Elbow and the Bow Rivers, in the province of
Alberta ; fqr land required for the development of power at
Grand Rapids on the Saskatchewan River, and all unoccupied
land along the Winnipeg River, in the province of Manitoba.

Other reservations will be made from time to time upon
the receipt of sufficient information to enable the superin-
tendent of water powers to make a definite recommendation

covering a description of the land that might be required for
pOwer purposes.
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PROGRESS AT CEDARS RAPIDS, QUEBEC.

has under construction an extensive power plant at
Cedars Rapids on the St. Lawrence River, about 30
miles west of Montreal. There is a fall of 32 feet
and the installation is designed for an output of 160,000
h.p., of which 100,000 h.p. is for immediate consumption.
The ultimate consumption will utilize 56,000 ft. per sec.

r I VHE Cedars Rapids Manufacturing and Power Co.

The development begins with a canal which is being
built along the north bank of the St. Lawrence, a dis-
tance of 12,000 ft., in which is concentrated the fall of
32 ft. The width of the canal is approximately 1,000 ft.
The power house at the lower end of the canal, and form-
ing a portion of the dam, is 663 ft. long and 140 ft. in

. struction.
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clean. For a greater part of the distance the south bank
is also practically completed. Fig. 2 shows another por-
tion of the canal and bank, in an advanced stage.

The construction of the power house has reached the
stage shown in Figs. 3 and 4. On the north end a single
dam will connect temporarily this end of the building with
the north bank of the river. It is on the north side that
future extensions will be made for the additional 60,000
h.p. at a later date. The south end of the power house
will connect with the south bank of the canal. Fig. 3,
illustrating the east or downstream side of the power
house, shows the draft tubes and the tail race under con-
The latter is being brought down to grade at
the present time and a little excavation remains to be
done. The work at this portion of the development in-

Fig. 1.—Upper end of Canal as it appeared on May 15 th, 1914.

and bank almost completed.
tion,

width, Details with respect to the development, includ-
ing the power house equipment and general methods of
construction were given in an article appearing in January
1st, 1914, issue of The Canadian Engineer. The accom-
panying photographs and data relate particularly to the
work which has been accomplished since then.

The south bank of the canal which, when completed,
will be practically a straight earth wall two miles in length
extending the entire length of the headrace, is progressing
rapidly. Water is excluded from the canal by an earth
bank serving as a cofferdam.  Upon ‘the completion of
the canal, this bank will be removed. Fig. 1 shows. the
‘work near the upper end of the canal. Excavation is
practically completed at this point. The illustration
shows, in the south bank, a portion of the spillway and
‘ice sluice. Various portions of the canal between its ex-
tremities are down to grade with the bottom more or less

Fig. 2.—Portion of Canal down to grade

Fig. 3.—Downstre am side of power house, showing manner of construc-
Fig. 4.—Upstream side of power house, which will form portion of dam.

1

volves nothing beyond the disposal of excavated material.
In the view of the west or upstream side (Fig. 4) every
three openings will provide water for one of the 10,800-
h.p. water-wheels which are being installed. These
wheels are of the single runner vertical shaft type and
will operate at 56 r.p.m. under a head of 30 ft. The
height of the water will thus reach about midway be-
tween the bottom ledge of the large windows and the top
of -the openings shown in the illustration. The smaller
openings in the centre of the building are the intakes for

the three 1,500-h.p. exciter units, to operate under the

same head at 150 r.p.m. The higher opening in the con-
crete about the middle of the wall is for the purpose of
ice disposal. '

The large crane, shown in Fig. 3, is used to convey
buckets of concrete from dump cars to the forms. The
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rock-crushing, concrete and mixing plant is located con-
siderably to the north of the power house.
Of the views illustrating the interior of the power

house, Fig. 3 illustrates the general method of erection
and the location of the wheel-pits, which are shown in
Various stages. The cover plate of a water-wheel, shown
In the background, has a diameter of 20 ft., and weighs
about 60 tons. Portions of the spiders which are to sup-
port the field coils of the generators are also shown near
the. western wall. In the foreground are some of the
guide vanes of the water-wheels. Fig. 6 shows one of
tht.a pit-liners being lowered into a wheel-pit, while Fig.
7 illustrates the speed ring of one of the wheels. Fig. 8
shows one of the cover plates which rests immediately
over the water-wheel, with a shaft 27 in. in diameter pro-
jecting through the shaft chamber shown. Upon this
shaft is mounted the generator, supported by a thrust-

bearing. Each generator is 37 ft. in diameter. )

The transformer house, which is about 8oo ft. dis-
tance from the present north end of the power house, has
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been completed as far as the foundations. Concrete is
being placed by means of tremie pipes.

The following table illustrates the progress which

Fig. 5.—Interior view, showing unassembled
parts of water-wheel and generator.
Fig. 6.—Pit-liner being lowered into
position.

‘has been made upon the work and the stage of construc-
tion on May 1st, 1914: . .
Aug. 23, Dec. 1, May 1,

) Qo fz BN (o) iz TRy (o) {1
Rock excavation ............. 21 23% 58%
Earth excavation other than

stripping and trench work... 43% 60% 73%
Earth excavation in trenches

and ditches, and stripping

seatshiot Banksy s ol el Uiy 36% 84% Complete
Transporting and placing exca-

vated rock ... .. A 20% 28% 62%
Stone protection ............. 2OLIRN RO RS
Transporting and placing exca- ARl

Vatediearth? w0l sl 43% 63% 77%
Concrete in power house sub-

stefrotire: 75 Tt e 16% 26% 69%

Fig. 7.——Spéed-ring of one of the twelve 10,800-h.p. water-wheels (of the single-runner, vertical‘shaft type).
Fig. 8.—Assembling a waterwheel cover-plate.
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The Cedars Rapids Manufacturing and Power Com-
pany awarded the contracts for the supply and installation
of the water turbines to the I. P. Morris Company, Phila-
delphia, and Wellman-Seaver-Morgan Company, Cleve-
land. The General Electric Company, Schenectady, N.Y.,
are supplying the electrical equipment. ~The structural
steel is being supplied by the Phcenix Bridge and Iron
Works, Montreal. The power house units and trans-
former station superstructure are being erected by the
Unit Construction Company, St. Louis. Messrs. Fraser,
Brace & Company are the general contractors.

s

CLAY COATING FOR WOOD PIPE.

for water transportation depends largely upon its

continuous and perfect saturation with water. In this

connection it has been contended that pipes should be
thin enough to insure the penetration of water through
the pores of the wood, at a more rapid rate than the loss
of water by evaporation from its surface. The difference
in the porosity of different timbers causes a variation in
proper thicknesses.

There are many incidences of the long life of wood
pipe. Most of them are accompanied by the fact that the
pipe was buried in clay and the whole is an indication of
the preservative properties to be found in clay relative to
wood pipe laying. Most clay is not a good culture bed
for the growth of fungus that causes decay. Further,
clay holds moisture and thus insures continuous and
thorough saturation of the wood at the surface of the pipe.

In view of this preservative quality of clay ‘‘En-
gineering and Contracting’’ suggests incasing wooden
pipe with clay to the thickness of several inches where the
clay is within comparatively easy reach and particularlv
where the trench is in soil that is either very porous or
contains much vegetable humus. It is suggested that a
clay jacket around wooden pipe would prove economical.
A concrete jacket would be likely to serve a similar pur-
pose, but ordinarily at a greater cost than clay.

The suggestion is one which might well be tried out.
Wooden pipe has many advantages for water transporta-
tion, and if its liability to rapid decay could be substanti-
ally offset the result would be of extreme value.

IT is generally known that the durability of wood pipe

B ——

REPAIRING A STEEL TAPE IN THE FIELD.

In the progress of the day’s work there are few more an-
noying incidences productive of delay to a survey party than
the breaking of a steel tape. The process of repairing it by
riveting has been superseded by several other methods of
greater convenience and rapidity. The outfit required for
riveting cannot be carried about so as to be ready for use
when the emergency calls for it. The same applies largely
to a soldering outfit of sufficient size to be of material use.

A tape repairer that has been found very satisfactory and
a splendid time saver consists of a strip of tin about 3 inches
long with two of its edges bent over until they almost meet.
The inner faces have a coating of soft solder. To repair a
broken tape the fractured ends are inserted, the overlapped
edges of the tin forced together by a little hammering and the
solder heated by holding a lighted match under the splice.

Two or three of these devices can conveniently be carried
in the field and will be found a very useful part of the out-
fit. They are prepared in different widths to fit any tape.
The Chicago Steel Tape Co. are the manufacturers.

There are, of course, new soldering pastes on the market
which require no soldering iron or separate flux, a small
amount of which, together with a few strips of tin can be con-
veniently carried about. They are not so convenient, how-
ever, and there is less liability of making a strong and satis-
factory repair as with the device suggested above.
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NEW PROCESS OF RUST PREVENTION.

AKING use of the common knowledge that chemi-

M cally pure iron is practically rustless, a new

process has been devised by which steel sur-

faces are coated with almost pure iron. This

process has been termed ferro-zincing or ironizing. In

it hydrogen is the chief impurity, the presence of which

appears to be advantageous in that the iron coating con-

taining it is slightly more electro-positive to the under-
lying steel than it would otherwise be.

The coating of electrolytic iron has another advan-
tage, that of being homogeneous, and, according to
““Engineering,’”’ London, is not under an equal strain
caused by mechanical operations, such as drawing or
hammering. Further, it has not been subjected to any
heat or mechanical treatment, which of necessity causes
impurities to be absorbed by the metals so treated.

This process, if commercially applicable, should
mark a new era in the use of steel. The preservation of
iron and steel from corrosion by galvanizing has been
largely used by engineers with considerable success.
There are in reality two processes: the first, dipping the
iron in molten zinc in combination with suitable fluxes—
called hot-galvanizing; and, coating the iron or steel
surface by electro-zincing—cold-galvanizing. The reason
that zinc, as a protective coating for iron and steel, has
held its own so long is that it is electro-positive to the
underlying metal. In the presence of moisture, the iron
and zinc form a galvanic couple, and as long as there is
any zinc remaining in contact with the iron within a given
area the zinc corrodes in preference to the iron, thus
protecting it.

In the new process it is found advantageous to coat
the electrolytic iron surface with zinc, for the reason
that a zinc coating with an immediate layer of pure iron
hydrogen alloy gives a greatly increased life to the ordi-
nary steel tube or plate.

The inventor of the process, Mr. S. Cowper Coles,
Westminster, has arranged with the British Mannesmann
Tube Co. for the protection of boiler tubes, and is ap-
plying the process to a number of other purposes.

B ———

EQUALITY OF WATER FLOW DEPENDENT ON‘
FOREST COVER.

It has been urged that in the interests of navigation the
Dominion Government should purchase such denuded forest
land in the eastern provinces as might be mecessary to re-t
forest in order to prevent floods and' the filling up of streams
with sediment. In this connection the report on the Trent
Watershed_ Survey, recently published by the Commission of
CODSP.I'VHUO‘T‘I, is of considerable interest. In this recion of
Ontario, as a result of fires, 150,000 acres are practically a
desert and the report urges a policy of forest conservation
under Dominion, provincial or municipal control, in order to
preserve the usefulness of the Trent Valley Canal, in which
over $10,000,000 are invested. There are many such barren
areas in the eastern provinces, which with the assistance of
the Dominion Government might be made to produce valu-
able forest crops. I

In Canada disastrous floods and low-water stages have

-been largely prevented by the timely action of the Dominion

Government in setting aside ‘as forest reserves the wooded
slops wh_ere 'thg great rivers of the interior of the Dominion
have their origin. On the east slope of the Rocky Mountains
over 20,806 square miles of non-agricultural land have been
thus reserved, for ‘the double purpose of regulating the run-
off and of providing a perpetual supply of timber to meet the
ever-increasing needs of the prairie settlers. In the Railway
Be}t in British Columbia smaller reserves have also been set
5151de, chiefly for the purpose of maintaining a steady flow
in the streams on which the fruit-growing industry is abso
lutely dependent.

e - r——

;I.
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STEAM RAILWAY ELECTRIFICATION.

HE factors entering into the selection of a system
when contemplating the electrification of a steam
railway were ably discussed in a paper read by
Mr. J. A. Shaw, of the Canadian Pacific Railway

Company, at the 24th annual convention of the Canadian
Electrical Association, held last week in Montreal. The
importance of choosing a system suitable for general
conditions, to permit interchangeability of rolling stock

between different sections, and to allow extensions to

be made as economical and reliable operation, or other
conditions warrant, were properly emphasized. We re-
produce the following from Mr. Shaw’s paper:—

Three systems now exist which include all which
need be considered in view of the present state of ele§-
trical development. One, the three-phase alternating, is
not suitable for general electrification, on account of
requiring two trolley wires, with the resulting complica-
tions and the peculiar characteristics of the motors em-
ployed. The remaining systems are single-phase alter-
nating current, and the 2,400-volt direct current.

The single-phase system has been used in the elec-
trification of the New York, New Haven and Hartford
Railway from New York to Stamford, and is now being
considerably extended. It has also been used on a num-
ber of light railways, notably the Spokane and Inland.
Abroad it is in use on the London, Brighton and South
Coast Railway, the Swedish State Railway and others,
and has been adopted by the German, Swiss and Aus-
trian State Railways as their approved system, although
it cannot as yet be considered as completely through the
experimental stage.

The 2,400-volt d.c. system is a development from
the 60o-volt system, which is practically the standard
in all street railway and interurban work, and which has
been so successful on that field. The electrification of
the New York Terminals of the New York Central and
the Pennsylvania lines, the Atlantic City Line of the
Pennsylvania, the New York Subway, and all elevated
railways have also employed this system. Abroad it has
been used on the Lancashire and Yorkshire Ry., and in
general under conditions similar to those in this country.
During the past three years a number of light railways
have been installed using 1,200-volt d.c., in most cases,
however, using 600-volt motors, and from the experience
obtained, the 2-400-volt system has been developed, using
1,200-volt motors, and this system has now been in use
on the Butte, Anaconda and Pacific Ry., preparatory to
a further use of it on two divisions of the Chicago, Mil-
waukee and Puget Sound Ry., for the past 10 months.
A 10_Wer voltage installation at 1,500 volts has been in
service over three years on the Piedmont Ry. in South
Carolina.

S“Pply of Power.—It is possible that in the majority
of cases for years to come that power will be generated
or locomotive purposes alone, without considering its

use for other purposes. However, electrification will be -

made possible more through cheap power being avail-
able from existing power plants, where if a separate
Plant had to be erected it would be too expensive. Pos-
sibly in the future power plants will be constructed at
points where commercial power is not available, but even
n that case at other points on adjoining divisions com-
mercial power might be obtained, and to permit of uni-
form equipment the power generated would either have
to be uniform with that purchased or the latter converted
to the character required. Throughout the West and in
the Montreal district, 6o-cycle, 3-phase transmission is
Practically universal, and, while 235-cycle, 3-phase cur-
rent is employed on the Hydro-Electric and . Toronto-
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Niagara transmissions from which 23-cycle single-phase
could be obtained by stationary transformers, balancing
apparatus would be required. In view of the tendency
to use 15-cycle in place of 23-cycle current in single-
phase electrification and the remoteness of general elec-
trification in Ontario, it is reasonably safe to assume that
converting apparatus will be required for either single-
phase or direct-current installation. .The application of
15-cycle generators in 6o-cycle power stations or of fre-
quency changing apparatus to furnish single-phase cur-
rent, while possible, does not actually change this as-
sumption, as the increased price asked for by the power
companies equals the cost of conversion by the railroad
in addition to requiring the erection of separate trans-
mission lines.

The general arrangement of the two systems is out-
lined in Table I.
TABLE I

- Sing8le Phase. Direct Current.

A 1. Power line of supply D 1. Power line of supply
company. company.

A 2. Conversion station  at D 2. Transmission line to
one or two points per sub-stations. Where sup-

division furnishing ply company power
single-phase current lines are available at
from motor-generator several points on divi-
apparatus and step-up sion, sub-stations may
transformer for raising be conveniently located

potential.

at such points, and
If power lines are

length of transmission
available at several line correspondingly re-
points on division, num- duced. 4
ber of conversion sta- D 3. Sub-stations in which
tions may be increased, three-phase power 1S
and length of trans- converted to direct cur-
mission lines corre- rent by motor generator
spondingly reduced. apparatus.

A 3. Transmission line from Ds. Feeder line by which
conversion stations to direct current 1s sup-
transformer stations. plied to trolley line.

A 4. Transformer station in D 5. Trolley line and bond-

. which high voltage ing. ’
single-phase current is D 6. Electric locomotives OrF
transformed to 11,000 motor cars.
volts for trolley line.

A 5. Trolley line and bond-
ing.

A 6. Electric locomotives or
motor cars.

Cost of Installation.—An inspection of above table
shows that as a general proposition certain of the items
are practically common to both systems. Transmission
lines A-3 and D-2 will be required for the entire length
of the division if power were received at one point:
whereas if power were received at several points, while
several single-phase conversion stations could be in-
stalled, that would not prove practically economical, and
with direct current there would be a saving in the trans-
mission line required. The transmission line for single-
phase current costs 20 per cent. more per mile than that
for 3-phase, so that it is entirely fair to the single-phase
to consider the cost of transmission lines equal.

The trolley line and bonding are practically the same.
For single-phase, higher insulation is required on account
of the higher voltage and the surging which occurs.
With the  improvements that have been made in the
manufacture of insulators, the difference would not ex-
ceed 10 per cent. of the cost of the trolley line.

The conversion stations and transformer stations
A-2 and A-4 for single-phase will correspond to the sub-
stations D-3 for direct current. For heavy traction work
on the Chicago, Milwaukee and St. Paul Ry., where it
is proposed to handle 1,600 tons on 1 per cent. grades,

_the sub-stations will be located from 18 to 24 miles apart,

the feeder being 1,000,000 cm. Considering a direct
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current section having sub-stations 2o miles apart, the
distance between transformer stations for single-phase
current will depend on the worst conditions that should
be permitted to occur. Thus with the direct current with
a voltage drop of 50 per cent. trains could be handled
at one-half speed with full tractive power. With single-
phase the maximum drop permitting this condition would
be from 20 to 30 per cent. The latter figure will be taken
as most favorable to singie phase, and the distance apart
of stations calculated: 1st, when the number -of trains on
a section is proportional to its length; 2nd, when the
same number of trains are concentrated at the centre of
a section irrespective of its length. The spacing of the
stations can also be calculated when the efficiency is the
same for both systems, the number of trains per mile
of track being the same. The results are as follows:—
Limiting operating conditions, trains uniformly

distributed or number proportioned to

length*lof ‘section i, S lm L e SRSt 30 miles.
Limiting operating conditions, same number

of trains at -centre of section........... 45 miles.
Equal efficiency, number of trains proportioned

1o leng thiof “Section i Silen Sl 30 miles.

The limiting operating condition with the number
of trains proportioned to the length of the section is evi-
dently most important from a general railroad stand-
point, and transformer stations, say, 33 1-3 miles apart,
would apparently give substantially equal service com-
pared with direct-current sub-stations 20 miles apart.
The total capacity of the direct-current sub-station will
exceed that required in the conversion station, since each
sub-station must be able to carry the load of’the trains
that may be starting in its vicinity. The total cost of
the single-phase stations is, however, increased by that
of the transformer stations, which cost one-third as much
-per kilowatt capacity as the conversion or sub-stations.
The two systems are thus equal in cost when the sub-
station capacity with direct current is 44 per cent. greater
than the conversion station for single-phase. In some
cases the difference is not sufficient, but lines will not
be electrified on which traffic is insufficient to render the
load reasonably uniform. As in the case of the trans-
mission line and trolley the single-phase was more ex-
pensive ; in this case the direct current will be in general
~ slightly higher—the net results being very closely the
same.

The remaining items are: A-6 the single-phase loco-
motives, D-4 the d.c. feeder, and D-6 the d.c. locomo-

tives. The feeder proposed is of 788,000 cm. area, cost-
ing at 18 cents per Ib., $2,250 per mile, or $2,500 per

- mile erected. The cost of the locomotives will vary ac-
cording to the type and capacity, but based on d.c. loco-
motives costing $40,000, those for single-phase current
will cost $60,000, so that if one locomotive is used for
each eight miles of track, the total cost of the two items
is again substantially equal.

The net result is that where power is obtained from
3-phase distribution, the cost of electrification by single-
phase or d.c. is substantially the same. This is confirmed
by several careful independent estimates. With direct
current the expenditure on feeder copper and sub-station
apparatus is balanced by the slightly increased cost of
the trolley and transmission line for single-phase current
and the much gréater cost of the locomotives.

Cost of Operation.—Cost of operation is affected by
the efficiency of the system, the cost of operation of the
sub-stations and the cost of the maintenance of the loco-
motives and other apparatus. ;

The efficiency of the system will determine the cost
of the power supplied, and, if the movement of the trains
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and the power they each consume is known, could be
calculated with considerable accuracy. When power is
purchased, especially water-power, the cost depends on
the peak load during certain hours, and trains will be
operated to reduce this as much as possible. It is, there-
fore, difficult to forecast the train distribution. There
is, however, no general evidence to show that greater
efficiency may be obtained with single-phase than with
direct-current equipment. Several records of actual ser-
vice show that with direct-current under similar condi-
tions the results are more economical than single phase.
This is especially so when the power per car mile is con-
sidered on account of the greater weight of the single-
phase equipment. From what we have already learned
and figures published, it may be safely assumed that on
any section of a railway on which there is sufficient traffic
to justify electrification, the power required by direct cur-
rent will not exceed that required for single phase.

The cost of sub-station maintenance and operation
is greater for direct current. On a 100-mile division there
would probably be five (5) sub-stations, each containing
moving apparatus which requires attention as against
one for single-phase system. Each of these sub-stations
would cost from $3,000 to $4,000 per year, or, say,
$18,000 per annum, against $4,000 for the single-phase
station. It is doubtful whether the wages cost of $2,000
per year per station, or $10,000, is a proper charge
against the direct current. On main line work it will be
absolutely necessary to arrange to cut out any portion
of the road on which accidents may occur, and for this
purpose attendance will be required. Trains must be
moved away from any section temporarily disabled to
prevent congestion, and of the $14,000 additional cost
it would appear entirely fair to estimate that about $8,000
is the most that would be entailed by the sub-stations.
This is more than equalized by the greater cost of main-
tenance of the single-phase locomotive. Direct-current
locomotives are being maintained for 314 cents per mile,
of which 2 cents is entirely separate from the electric
motor, control, etc. On the single-phase locomotives, the
cost has been higher, but it is hoped to reduce it to be-
tween 5 and 6 cents. For short distances the direct-
current locomotives as used out of New York will handle
a train that requires two single-phase, and if this were
allowed for, the difference would be very great. The new
switching and freight locomotives on the New Haven,
it is stated, have been maintained for a comparatively
low figure, but they have as yet not been in service suf-
ficiently long to give a final value. The construction oft
all single-phase locomotives is far less sturdy than that
of direct current, on account of the difficulty of keeping
the weight down to a reasonable amount, and the con-
struction is far more complicated. It cannot be expected,
therefore, that they can be maintained for a lower per-
centage of their total cost. A fair difference to assume
is that cost cannot be taken at less than 2 cents per mile
for locomotives of equal power, say, 1,000-h.p. each.
Considering a division with 1,000,000 miles per year,
or $20,000 at this figure, so that the cost of operation
and maintenance of sub-stations is more than taken care
of by the increased cost of maintenance of equipment.
The single-phase locomotive is also considerably heavier
than the direct-current for equal power, and this is
especially true when motor car equipment is considered.
This increase in weight means a correspondingly reduced
train load, unimportant on level districts, but of ap-
preciable amount on heavy grades. It also entails an
additional expense for power which is serious in light
passenger or motor car service. There is, of course, a
possibility that 2,400-volt d.c. apparatus will cost more
to maintain than 600 or 1,200-volt, but there does not
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appear to be any reason to fear its becoming excessive.
While there is no doubt that the New Haven have had
more electrical trouble than the New York Central and
the cost of repairs has been higher, due to the mechanical
construction of the locomotives rather than to the elec-
trical equipment. This mechanical construction is, how-
ever, necessitated by the use of the single-phase motor.
While there is no reason why the same construction
should not be -employed with the 2,400-volt d.c. system
as with the 60o-volt. In general, there is no reason to
-expect the cost of operation with the single-phase system
to be less than that with the direct current.

_ Possible Difficulties with 2,400 Volts.—The above
dlsfzussion considers that 2,400-volt d.c. will prove equally
satisfactory as 600 or 1,200-volt installations. In a sys-
tem that has not been thoroughly demonstrated in prac-
tical service, there .are some features from which- trouble
may be experienced, and these are discussed as follows :—
. The simple and strong design of the d.c. locomotive
1s pgrtly due to the use of geared locomotives for freight
service and gearless for passenger service. The construc-
tion which has been adopted and which is practically
necessary for single-phase locomotives of any size, sup-
ports the motor entirely independent of the wheels, the
latter being driven through springs or connecting: rods,
thus reducing the dead weight to that of the wheels and
axles alone, while retaining the same total weight on
each wheel. The centre of gravity of the locomotive is
also raised to a point approximating that general for
steam locomotives. From experiments conducted on
‘en.gine and tender trucks and  the experiénce of main-
taining track under various types of locomotives, it is
safe to assume that the dead weight of 9,000 to 10,000
Ibs. per axle on gearless locomotives and the slightly
greater weight on geared, does not, for the services in
which they will be respectively used, appear likely to
affect the cost of track maintenance sufficiently to justify
the additional expense and complication involved . in re-
d_ucing it. In view of the greater total weight of the
single-phase locomotive it is very doubtful whether its
effect on the track will not be greater than the direct-
current locomotive, even though the dead weight per axle
is higher in the latter. Increasing the height of the
centre of gravity reduces the lateral shocks on the rail,
but this action is caused by these shocks in steam loco-
motive design being -absorbed by the vertical movement
Of the springs. It will be unfortunate if electric locomo-
tive design cannot be developed in which these shocks
are absorbed by springs, or frictional methods of re-
straint, so that the simplicity which should accompany
the application of motors to drive the wheels of a loco-
motive may be retained; there is no reason to doubt this
being accomplished. Should it prove impossible, the
direct-current locomotives would become more  compli-
cated and approach the single-phase more closely in cost,
the difference being probably 25 per cent. in place of 30
per cent.

. The question of current collection at 2,400 volts at
high speed has been experimented with, but not fully
\®monstrated as yet in service. It has been found prac-
tical to collect 200 amperes at 60 miles per hour from
one roller trolley without injurious sparking, which at
2,400 volts equals 480 kw. Two trolleys can be located
20 feet apart, thus permitting 960 kw. on one locomotive.
. IS question is important, but there seems little ques-
tzlon of its heing solved satisfactorily. The vcontrol.' of
Cl’]‘li:’o-volt current does not appear to present any diffi-
i Y. Contractors will be arranged to break the current
reaserles, and' from results in operation t.here seems no
th n to anticipate any more trouble with 2,400 volts

an with 600, Maintenance of motors may be higher
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with 2,400 volts than with 600 volts. The motors will,
however, operate under 1,200 volts each, and the fields
in both motors will practically be at ground potential.
Twelve hundred volt motors have operated interurban
work for five years without indicating any increased cost
on maintenance, and while this has been in a dry climate,
the forced ventilation to be employed in railway work
will give very closely the same condition. The 2,400-volt
motor will have the same capacity to stand heavy starting
load, the same freedom from commutation trouble, and
in general the same ability to stand the severe service
imposed upon it by locomotive or traction work that the
600-volt motor has been proved to possess.

The operation of fan and compressor motors on high
voltage has to be properly worked out. Theré  are no
doubt some difficulties in this respect, but they ‘should
certainly be overcome by experience.

Comparison of Systems.—It has been shown that
on the assumption that the 2,400 d.c. and the 11,000-vOlt
single-phase a.c. system each operate as satisfactorily
as their advocates claim, that there is comparatively little
difference in their cost of installation and operation. Each
is equally flexible, each will operate and in all probability
give a high degree of satisfaction compared to steam
locomotives. The principal difference is that, with the
direct current a larger portion of the cost of installation
is in feeder copper and conversion apparatus, and less
in the locomotives, and a larger portion of 'the cost of
operation is in the sub-stations, attendance and mainten-
ance in place of locomotive maintenance. This of itself
should prove decidedly to the advantage of the direct-
current system, as the sub-station apparatus is stationary
and can be carefully maintained, and the simpler and
cheaper the locomotive the less danger there will be of
a breakdown. In addition, the investment in copper is
permanent, while that in locomotives may rapidly de-
preciate with any new developments. There are, in addi-
tion, some minor points worth attention which may be
referred to.

The regulation of speed on the single-phase system
is in many ways preferable to that on the direct current.
By drawing current from the transformer at the voltage
suitable to the speed and power required, all speeds are
equally efficient, and the use of resistance in the circuit
is avoided. This is an exceedingly ingenious method,
but it is doubtful whether it is of great practical import-
ance. While the direct-current motors have only two
full-power efficient speeds, decreased power can be ob-
tained at higher speeds than either of them by field con-
trol . with very small loss in efficiency. This would apply
particularly in passenger service, since in freight service
the characteristics of the motor are such that it would
not be required. The use of a transformer on the single-
phase locomotive permits the operation of the motors at
low voltages, and on ungrounded circuits. There seems,
however, no reason to fear the use of high voltage on
the direct-current motors, or danger, providing it is pro-
perly insulated. There has certainly been more trouble
on the single phase from grounds than on' the direct
current, and it appears to be entirely a question of proper
insulation. The relation between the speed of the motor
and the power it will develop is different for single phase
and direct current. Taking two ‘motors which will de-
VQIOP the same power at a given speed, the direct current
will develop greater power at lower speeds and less power

-at higher speeds than the single-phase motor. This is

the reason for the success of the direct-current motor in
traction seryice. It can exert a greater pull without
injury and. is less liable to damage .from - overheating
wh.en starting a heavy load than any other type of motor.
It is also this feature which makes the gearless locomo-
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tive a possibility for passenger service, as it enables a
motor of reasonable size to start a passenger train with-
out the use of gearing to furnish the necessary power.
Direct-current motors can certainly be constructed to
handle passenger trains at high speed if desired, so that
in this respect the advantage is greatly in its favor. The
direct-current motor has obtained its reputation for
ruggedness from its capacity to withstand heavy loading
without injury, and this quality is of the greatest im-
portance in railroad work.

Conclusion.—If in place of discussing the relative
advantage of single-phase and direct-current traction,
the start is made from the direct-current system with its
simple and strong electrical apparatus developed. after
years of experience by simply an increase of voltage, and
assuming that this increase does not lead to unforeseen
difficulties, the question becomes, What is gained by the
use of single-phase current?

It does not save in cost of installation or operation.

Its application is not more flexible.

It introduces a locomotive that is more complicated,
in which the motor is necessarily far more expensive and
elaborately constructed, and which weighs considerably
more than one for direct current.

It reduces cost of sub-station attendance at the ex-
pense of locomotive maintenance, and consequent reduc-
tion in reliability.

The general advantages to be gained by electrifica-
tion are too well known to bear repetition, but it might
be mentioned from the data now becoming available from
those installations now in operation that results obtained
confirm estimates very closely. The engineers of the
Chicago, Milwaukee and St. Paul Ry. estimate that at
least a saving of 25 per cent. will be made in operating
costs on the 440-mile division now to be electrified in the
Western States, and part of this saving is confirmed by
the showing already on the Butte, Anaconda and Pacific
Ry., where power cost has been found to be but one-third
of the previous coal cost. The decision to electrify the
suburban lines of the Pennsylvania Ry. about Phila-
delphia was made to relieve the existing congestion by
increasing the capacity of terminal 15 to 20 per cent.,
or sufficient to relieve the situation for the next five or
six years and at less expense than any other method.

—_— e o——

PROGRESS OF NEW GANGES BRIDGE.

The largest steel bridge ever made for shipment from
England is rapidly nearing completion. Six spans are being
constructed by an engineering firm at West Bromwich, and
the remaining mine at Darlington. This bridge will carry
the Indian State Railway over the Ganges at a point about
120 miles above Calcutta, and it will be just a mile in length.

Steel to the quantity of 30,000 tons (all rolled in Eng-
land) is being employed in its construction, 20,000 tons for
the superstructure, and 10,000 tons for the piers. Each of
the sections has a span of 345 feet, a height of 49 feet, and
a weight of 1,400 tons. To hold the sections in position steel
caissons were sunk 150 feet below the bed of the river. The
shipment of these 15 spans to India will entail an outlay of
some $300,000, and the total cost of the bridge will be $6,250,-
00o. The erection of the bridge is under the direction of the
Public Works Department of India. The first span shipped from
West Bromwich arrived at Calcutta on May 26 last, and it
was erected in three weeks’ time before the rainy season,
with its river floods, sets in. It is hoped that this bridge
will be open to traffic this year.

——-

A gigant_&ic floating dock, said to be the largest in fhe
world, is being constructed at Odessa. Tt will he capable
of carrying a vessel of 40,000 tons, and will cost $2,000,000.
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SOME ‘PRACTICAL POINTS ON MODERN
ROAD-WORK.*

By W. H. Maxwell, A.M.I.C.E.

line is usually an important feature to be considered,

from an engineering and utilitarian point of view, but

leads to monotony in the use of the road, and from
an wsthetic standpoint compares unfavorably with wind-
ing roads.

As a general rule, it will be more advantageous to
carry a new through route past the outskirts of a town,
and connect up with some good branch road to the urban
area, rather than attempt to carry the new main thorough-
fare through the heart of a populated centre, as the diffi-
culties and costs of widening existing narrow roads
through built-up areas are necessarily excessive, owing
to the property and business interests disturbed. Very
wide roads are not favored by shopkeepers, as they are
not conducive to good trade—the bulk of pedestrian traffic
usually keeping to one side of such a road.

Curves on a new main road should, of course, be as
easy as circumstances will permit, but a radius of 100 ft.
should be the minimum where fast through traffic is to
be accommodated. On this curve, a person travelling
along the centre line of a clear go-ft. roadway could see
approaching traffic within the limits of the road-width
about 120 ft. ahead. Under similar conditions, with a
150-ft. curve, a distance of about 150 ft. ahead could be
seen. On rural roads, traffic invariably uses the centre
of the road by preference, and modern high speeds render
an ample, unobstructed view essential.

The easing of curves invariably quickens the. speed
and reduces that degree of commendable caution in
drivers which formerly existed. On a sharp curve the
motorist is bound to materially reduce his speed or perish.

Curves should in all cases be freed from side sight-
blocking obstructions, and for increased safety to fast
traffic, the road surface on the outside curve should be
given a suitable degree of super-elevation.

On a part of the Holyhead road on the north of the
city of Coventry, Telford adopted a ruling or maximum
longitudinal gradient of 1 in 35. Such a moderate
gradient will present no impediment to fast driving, either
up-hill or down, and in one on which tar-macadam and
all modern methods of surfacing may be used with safety,
but in hilly country will be difficult to maintain, except by
much contouring and consequent increased length of
route, or by heavy cutting and bridge work.

Dead-level roads are to be avoided. If the longi-
tudinal inclination is less than about 1 in 100, the surface
water will be difficult to drain away and more cross
camber must be provided. With a longitudinal gradient
of 1 in 50, or sharper, the camber may be flattened con-
siderably, as the needful surface drainage is obtained
longitudinally. This flattening of cross-section should
not, however, be carried too far, otherwise watercourses
will speedily form down the centre of the roadway on
steep gradients.

Suitable cambers for different surfaces under ordinary
conditions are: granite macadam, 1 in 25; tar-macadam,
1 in 30 or 1 in 40 on incline; creosoted deal paving, 1 in
36; hard wood and granite, 1 in 45; and asphalt paving,

IN the planning of new through routes, directness of

¥A paper read at the 41st Annual General Meeting
and Conference of the Institution of Municipal and County
Engineers, held at Cheltenham, June 24th-27th, 1914,
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I in 50. The longitudinal fall of water channels should
not be less than 1 in 100 for a granite channel, and 1 in
150 for asphalt.

Improvement of Existing Roads.—Inadequate Foun-
dations.—The majority of the old highways of this country
have come into existence in a more or less haphazard
fashion, and in the past the provision made for their
maintenance has been uncertain and inadequate. The
entire absence of foundations suitable for carrying modera
weights brought upon the surface is revealed by the up-
Wward movement of the sides of the roadway into the
channels—a weakness to be observed generally through-
out the country.

Vast sums are now being spent in laying down ex-
Pensive so-called waterproof surface crusts of various
kinds, in order to give an immediate show fot the money
?Xper’ld‘ed, but the writer is of opinion that, wherever there
IS evidence of underlying weakness, money may be more
a.dvantageously applied by first putting in proper founda-
tions and drainage. However excellent, well laid or ex-
Pensive may be the surfacing material, it can never prove
really satisfactory on a weak foundation. There will be
gradual but constant movement of the road crust, local
Sinkages of the central portion and rising of the sides,
and generally the annual expense of wear and tear of the
Surface will be greatly enhanced in cases where no solid
and unyielding foundation exists.

The initial cost of such work is, of course, necessarily
beav.y, but where suitable foundations do not already ex-
ISt, it is submitted that it is the only sound course to
Pursue, both from an engineering and financial point of
View, and is essentially a capital work for which State
grants” on liberal terms should be made.
o t’fml"m Cru;ts.—Th_e wisdom of recent practice in lay-
: % lin SL_lrface wearing crusts or armourings of asphalt
n b_ltummous preparations over existing macadam sur-
r?cfc? IS open to great (?uestion, except yvhere an absolutely
Hbg% and dr}f foundatmn‘ can be relied upon. Ip the
52 \c ;lce_ of this, most ordinary road surfaces are sub!ected
P insl(}i]er movement under modern speeds and weights,
T n these cnrcu-n}stances, thin wearing .crus.ts are liable
i acture a}nd disintegrate. Gr_eat caution in the selec-
on of a suitable site is necessary, except where laid on
i 80od concrete foundation, which, unfortunately in most
a'SeS,.Would make the cost of the work prohibitive.
; Bituminous Methods.—In what are now known under
€ 8eneral name of ‘‘bituminous methods,”’ the presence
@ (.:Oal-t.ar and pitch’is the distinguishing feature, and the
Main object of all such processes is to exclude water from
th: rCI‘U_st of the road. These methods consist mainl_y in
grome'vxva’l, zi?d ext‘ended use of ‘‘tar-macadam,’ ‘‘pitch-

Ing, tar binders,”” and other like forms, and in
P ations and conditions give very ser\fice?bl.e
nati0°e§ at a not unreasonable cost, but much discrimi-

" 1s needed in their application.
tion The.arch enem}: of the tar-macadam .road is thc? trac-
. €ngine, and this cumbersome vexatious contrivance
3 UﬂfOrtunately, rather in evidence in the writer’s dis-
f;';g’t:(heSpecially during the spring and early summer
Strin S. These engines, with destructive diagonal steel

PS on the wheels, weigh over 16 tons on the road, and
aul three lumbering wagons weighing about 12 tons each
::’]hen loaded. Under this burden the very best of tar-
acadam work suffers substantial damage. Even after
la""}g been laid many months the material, owing to its
Prastic nature, will slightly soften on a hot day, sufficient
O permit of itg being crushed out of shape and torn up
under traffic of the class named.

THE CANADIAN ENGINEER 145

A well-made granite macadam road surface with-
stands this class of traffic very much better than tar-
macadam, or any of the bituminous processes.

To the enthusiast for tar-macadam, in addition to the
above caution, the writer suggests that consideration of
the following points will help to keep him out of trouble:

1. The quality of tar available for such work is very
variable and unreliable, and requires constant watching
to avoid failure. ,

2. Good fine weather is an important factor for suc-
cessful work. If the weather is too cold there is great
risk of too much tar being used, thus causing the tar-
macadam to become very soft and easily damaged during
the warm weather.

3. Tar-macadam is hopeless on a weak, yielding
foundation.

4. It cannot be satisfactorily repaired during wet,
cold weather. This is important in streets where much
opening of trenches for gas, water, electric and other
services is likely to be required.

5. Where there 1s much traffic a continual watch must
be kept on the work for some time after it has been com-
pleted, which considerably adds to its cost.

6. Tar-macadam is liable to ‘‘creep” during hot
weather towards the sides of the roads, especially in
country districts, where the lateral support of a curb and
footpath is not usually available, and some provision to
meet this tendency should be made.

7. The cost of tar-macadam is, as a rule, much be-
yond that of a granite macadam tar-painted surface, and
its serviceable life cannot always be so accurately
predicted.

The foregoing matters are mentioned, not with any
desire to discourage the use of this type of road surface,
but simply with the object of drawing attention to a few
points which require consideration to ensure successful
work.

With regard to the ‘‘pitch-grouting”’ of road mac-
adam, the writer is of opinion that this process has not
yet been proved to be so satisfactory under like conditions
of traffic, as good class tar-macadam well laid. The work
is expensive, its serviceable life is not great, the surface
soon becomes deeply corrugated and carries much slippery
mud during wet weather.

Coatings of tar-macadam of a total thickness of 4%
inches are sometimes laid with a layer of coarse material
at the bottom, and finished with a fine grade for the sur-
face. A coating of the thickness named is best laid in two
layers, but there is no advantage in* separating the fine
and coarse grades; the same mixed grade material should
be used for both coats.

Rolling of tar-macadam is best done with a “‘light”’
steam roller (6 or 7 ton weight), and there is nothing to
be gained by an excessive amount of rolling.

Tar-.macadam may be laid on gradients as steep as
about 1 in 25, and even sharper if the surface is . kept
clean.  The degree of slipperiness experienced depends
greatly on the weather and the skill of the driver.,

: It‘ is a great mistake to lay tar-macadam, or any other
bituminous road surface, over an existing macadam road-
way as a foundation, without first lightly scarifying the
surface all over and consolidating by rolling to a uniform
condition before the bituminous material is laid. Where
f‘hls precau’t’lqn has heen neglected the old inequalities and

pot-holes’ in the road crust will soon re-appear on the
surface of the newly laid coat, as the greater depth of
bituminous material over the ‘“‘pot-hole’’ consolidates

_ more than the thinner coating around.
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Tar and Tar-painting.—Experience of recent years
has led to the settling down of much preliminary clamor
about ‘‘dust-layers’ to the very general use of coal-tar.
This new demand has brought about a very substantial
increase in the price of tar, and, with the continued ex-
tension of bituminous methods of road construction, the
demand appears likely to exceed the supply, and so set a
limit on this form of road improvement unless competitive
processes are adopted.

The specially prepared tar for road surface painting
used by the writer weighs 12.95 Ibs. per gallon, or 173
gallons to the ton. This is heavier than the weights re-
commended in the Road Board Specifications, but the tar
is found to make very satisfactory work.

Tar-painting is not usually very successful on roads
with damp clayey sub-soils, in shady situations, or under
trees. A dry sandy or chalky sub-soil is the most favor-
able for the work, and in these areas operations can be
started earlier in the season.

The heavy, complicated, costly tarring machines of
early tar-painting days have almost disappeared in favor
of much simpler plant, and hand work—the latter giving
the best results in this class of work. :

For ‘town work granite chippings 3% in. to 54 in.
gauge make the best class of ‘‘grit”’ for covering the tar.
Sand, though usually much cheaper, produces an increased
quantity of mud and causes the tar-painting to tear up
more readily under heavy traffic.

In the author’s experience the amount of money spent
on road tarring is about equivalent to the saving obtained
in ordinary maintenance and wear and tear on the road-
ways, so that no increase on the total cost of highways
arises, whilst a greatly improved surface is obtained dur-
ing the summer and autumn months. Tar-painting gives
most economical results on secondary roads, culs de sac,
and other thoroughfares with light traffic, as, in such
cases, the tarred surface remains in good condition for
several years without repair, and very little attention of
any kind is needed.

Repairs.—Systematic inspection of the roadways,
and regular and prompt patching of depressions and ‘‘pot-
holes’” is very desirable, especially on motor omnibus
routes. For this work the writer uses a light roller of the

convertible tractor type, which is well adapted for the

purpose.

Under modern traffic conditions the highways require
to be regularly patrolled and repaired, much in the same
way as a railway track.

Old screened road metal, of small gauge, is well
suited for patching, as it consolidates quickly.

Ordinary macadam surfaces should not be patched
with tar-macadam as, after a little wear, a most unsightly
and intolerably bumpy surface results, owing to want of
uniformity in wear of the variegated surface.

When recoating a roadway, the thoroughfare should
be closed wherever possible, and the whole width of road
coated and rolled in one operation. Work of this class
done in half-widths is seldom satisfactory, as rapid wear
invariably occurs at the central joint. In cases where this
system cannot be avoided it is best, if possible, to first
treat about two-thirds of the width, so as to keep the
joint out of the centre of the road; but many roadways
are too narrow to permit of this being done.

Weather conditions are among the most powerful
factors influencing the wear and tear and deterioration of
roads. Prolonged rain, and heavy traffic following the
break-up of frost immediately succeeding a wet period
are particularly destructive.
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In town streets where a macadam surface has to be
renewed about every two years, and patched frequently,
a wood-paved surface will probably be more advantageous.
A maintenance cost of 2oc. per sq. yd. per annum is about |
the economical limit for macadam, and, from the point
of view of traffic weight, a load of some 250 tons per yd.
of width per day is about the maximum for an ordinary
macadam surface.

Steam Rollers.—In the opinion of the writer the usual
so-called “‘1o-ton’’ steam roller is much too heavy for the
majority of surface recoating work. These rollers, when
loaded ready for the road, often weigh nearer 13 to 14
tons than 10, and frequently cause much damage to the
new metalling by crushing and weakening it during the
process of consolidation. In some cases metal is put on
the hard crust of the old road, without preliminary scari-
fying, and rolled down with a heavy steam roller, with
the result that the stone, being severely crushed between
hard surfaces, is permanently damaged at'the outset, and"
the serviceable life of the new coat thus sadly reduced.

For much of his work the writer uses what is de-
scribed by the makers as a 7-ton roller, of the convertible
roller-tractor type already referred to. This machine is
found to be of the greatest service for all classes of work
as well as for haulage. The small tractor-roller can be
moved quickly from job to job, and can be converted to
a tractor in about a couple of hours. This roller, with
awning, water, etc., fitted up ready for work on the roads
actually weighs 9.42 tons.

Mechanical Haulage for Municipal Work.—What-
ever may be the views held as to the desirability of public
highway authorities employing steam, petrol, or other
motor vehicles for haulage purposes, the writer has been
practically compelled to do so, on account of the difficulty
experienced, during the busy spring and summer seasons,
in procuring sufficient suitable horses. It is usually im-
practicable to keep, during the relatively quieter winter
months, a full stud of horses sufficient to cope with all
work during the busier period of the year, and such work
as street-watering and road tar-painting greatly accentu-
ates the variation between winter and summer haulage
demands. The hiring of the surplus summer require-
ments affords one way out where the horses can be got,
but horse contractors are fast changing to mechanical
haulage, thus greatly limiting the supply.

Slippery Road Surfaces.—In these days of improved
road surfaces, tar-painting, tar-macadam and such like,
complaints are perhaps a little more frequent in respect
of slipperiness, and requests for ‘‘gritting”’ or sanding are
often made. The best plan to overcome slipperiness is to
keep the surface as clean as possible, by removing (and
washing off if necessary) stiff pasty mud which is liable
to accumulate during the foggy, damp weather of the
winter months. Gritting and sanding greatly increases
the production of this stiff slippery mud, as the material
is speedily crushed by the traffic. The application of grit,
therefore, should be done as sparingly as possible, and

- cleansing of the surface should take its place.

Road Signs.—Generally speaking, there is room for
improvement in road direction signs. Frequently they are
S0 placed that an approaching traveller cannot read the
sign without stopping, and even sometimes dismounting.
The direction arm should be at the most favorable angle,
the letters not less than 3 in. in depth, and the mileage
stated in bold block figures to the nearest quarter.
Strangers motoring long distances often find it impossible
to quickly gather the name of the place they are passing
through, and it would be a great convenience to have the
name of the village or town boldly erected on the through
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roads near the commencement of the village buildings.

Street corner ‘‘mirrors’’ are costly to erect and main-
tain, and the moving reflected image is liable to mislead
4 motorist unaccustomed to them.

It-is a mistake to multiply danger and caution signs
unnecessarily, They should be confined to th.e most
a“{kWard spots, and be erected by a public authority. No
Private signs should appear on a public highway. If too
flumerous, the familiarity of their appearance leads to a
general neglect of the warning intended to be conveyed.

Statistics of Traffic.—The expression of traffic records
In tons per yard width of roadway does not, in many
cases, give a true representation of the amount of wear
ar?d tear over a roadway. On roads through rural dis-
tricts with g comparatively small amount of traffic, a very
large percentage of vehicles keep to the centre of tl:xe
road—in fact, the less the volume of traffic the higher will

the proportion using the centre of the roadway. Thus
the sides suffer but little wear, whilst the centres soon be-
Come worn ouyt. The average traffic record per yard
Width does not therefore correctly show the conditions
Which obtain and a minimum and maximum record is
fecessary to convey the true facts.

Much the same thing often occurs on very wide roads,
S a portion of the width only is used by a high per-
tentage of the traffic.

On busy town roads of medium width the traffic is

Very fairly distributed, and it is mainly to this class of
road that the average tonnage per yard has any reliable
Significance,
On some roads, owing to the nature of local in-
dustries, the night traffic is quite an important item, and
should not he omitted if a true record of actual conditions
IS to bhe obtained, ¥

The collection of information and statistics, in refer-
€nce to roads, traffic, materials, and other like matters, is
& useful occupation from many points of view so far as
It goes, but the road engineer should be cautious as to the
conclusions he may safely draw from the collected data
Pl.a.ced before him.” So much depends on the actual con-
ditions in any given case, and it does not by any means
follow that because a road material has proved satisfactory
Or otherwise in one place it will necessarily do so in
another. A new set of conditions will produce its own
S€t of results, and the engineer must use his judgment in
€ach case according to his local knowledge and experience.

Experiments and Tests.—Laboratory and other in-
door tests of road materials serve a useful purpose in ar-
IVIng at the physical and chemical properties of th.e ma-
terials, and assist the engineer when the informathn )
derived is seasoned and matured by practical experience
On the road. Weather and traffic are of paramount im-
POrtance in all road-making matters, and there is no test
to be relied upon other than that of actual and adequate
trial on the road under ordinary conditions of traffic, rain,
frost, anqd numerous other distributing influences to which
any road material must necessarily be subjected.

Administration of Highway Maintenance:—Gc?qd ad-
Stration, particularly in reference to the disposition of
labor, Mmaterials, and plant, is one of the leading factors
s highWay maintenance essential to efficient and eco-
fomical work. In urban areas suitably placed central
der?éts' with railway sidings into which materials can be
elivered direct, are a great convenience, and involve the
Minimyum haulage of materials. In these days of frequent
labor disturbances, as in the case of the railway, dock,
and colliery strikes, the necessity of getting all materials
on the spot well in advance of requirements has been

minj

THE CANADIAN ENGINEER

147

greatly emphasized of late, in order that annoying delays
may be avoided. Delay in any form means increased cost
of the work in hand, frequently entails loss of good
weather suitable for the work, and always gives regret-
table inconvenience to the general public.

Wherever much work is in progress constant inspec-
tion and supervision is a good investment, and to this end
the inspecting staff should be provided with appropriate
means of quick and convenient locomotion. -

Local materials should be employed wherever of suit-
able quality, but some counties are particularly deficient
in good quality stone suitable for first-class roads carry-
ing considerable traffic.

Over-‘‘centralization” of the practical work of road
maintenance is not desirable. It is apt to lead to so-called
‘‘red-tape”’ methods, costly delays, and lack of individual
attention.

Road maintenance should be carried out through the
responsible highway authorities by the direct employment
of labor, thus ensuring a local interest in the work, close
supervision, and prompt attention, which is almost im-
practicable under any too distant and highly centralized
system of administration.

Stereotyped standardized methods in many matters
connected with road-making and maintenance are to be
deprecated. Such methods destroy the useful application
of personal experience and judgment to individual cases,
and so lead to mere routine and lack of interest. It is
unlikely that there can ever be any universal solution of
the road-problem, inasmuch as local conditions and re-
quirements, character and extent of the traffic, local facili-
ties of obtaining suitable materials, considerations of cost
and the like, must ever be deciding factors in arriving at
the most suitable and satisfactory mode of treatment in
each particular case.

IEEE—

INTERNATIONAL ENGINEERING CONGRESS,
SEPTEMBER 20th-25th, 1915,

The International Engineering Congress at.San Fran-
cisco is to be conducted under the auspices of the American
Society of Civil Engineers, the American Institute of Mining
Engineers, the American Society of Mechanical Engineers,
the American Institute of Electrical Engineers and the Society
of Naval Architects and Marine Engineers, assisted by a
committee of 18 California engineers, The vast scope of the
congress is indicated by the fact that it will be divided into
11 groups of sub-congresses, the reports of which it is cal-
culated will fill 11 large - volumes. Chief among these
branches will be that dealing exhaustively with the problem
worked out in the construction of the Panama Canal, and
the influence of the canal on_ world commerce, commercial
trade routes and general transportation problems. Col. Geo.
W. Goethals will have charge of the presentation of all canal
topics. Aside from general engineering topics, the section
devoted to the canal will be treated as follows :—

1. Col. Goethals’ general report. 2. Dry excavation of
the Panama Canal by Col. Goethals. 3. Dredging the canal.
4. Terminal works, dry docks and wharves of the canal.
5. Meteorology and hydrology of the zone. 8§, Designs of
locks, dams and regulating works. 9. Methods of construc-
tion of same on the Atlantic side. 10. Same on the Pacific
side. 11. Designs of lock walls and valves. 12, Spillways.
13. Gates of the canal. 14, Electrical and mechanical instal-
lation. 15. Emergency dams above locks. 16. Municipal ‘en-
gineering and domestic water supply in the zone. 17. Re-
construction of the Panama railroad. 18. Aids to navigation
of the canal. 19. Geology of the canal zone. 20. The work-
ing force of the canal. 21. Sanitation in the zone. 22. Pur-
chase of supplies for the canal. These papers and addresses
will constitute practically the official technical record of the
work,
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PRINCE RUPERT, B.C., SHIP-BUILDING PLANT.

Work was started in June, 1913, on the construction
of a ship-building plant at Prince 'Rupetrt, B.C. The
contracting firm of Beer’s, Limited, has under construc-
tion, in addition to the ship-building plant, the power-
house, machine, boiler and blacksmith shops and foundry

I
N

—_—

It measures 104 x 148 ft. and is about 65 ft. in height.
The machin€ shop is also a steel frame building, 75 x 150
ft., resting on a concrete foundation. The boiler, black-
smith shop and foundry are similar to the machine shop
in size and general construction. The shipbuilding plant

building, and hope to have the entire contract completed
by August of this year. The accompanying illustration
gives a general view of the arrangement of the plant.

The power-house is constructed of steel and con-
crete on a heavy concrete foundation, with a slate roof.

Timber flume construction and fluming are discussed in
a bulletin just issued by the United States Department of
Agriculture. The publication considers the subject irom the
practica] stantlpoint of the logger who has to get his material
out by these means, )

The V-shaped wooden flume is held to be superior to the
box or square-sided-form, because it requires less water and,
on the average, less repairs than the other type, is better
adapted to act as a slide on steep grades, and offers fewer
chances for jams. Concerning a third type, the ‘‘sectional”
metal flume, semicircular in form, the prediction is made
that it will eventually come into wide use. Such a flume 1s
strong and light, and can be quickly taken apart and trans-
ported from one place to another to be set up again.

When building flumes a good plan is to erect a small
sawmill at or mear the upper end of the flume location to saw
out the material needed for construction. Such material
can be floated down the flume as fast as the latter is built
and used for its further extension.

For handling railroad cross-ties, cants, poles, cordwood
and the like, a flume with the sides of the V, 30 in. in height
is large enough. For handling logs, piling, long timber, or
brailed sawed lumber, a height of from 46 to 60 in. is recom-
mended. The best angle for the V is put at 9o°.

Flume lines should be surveyed with enough care to en-
sure evenness of grade. Grades should be kept below 15%
wherever possible, and the best results are obtained with
grades between 2 and 10%. A careful preliminary survey,
followed by a Jocation survey, using a transit and level, will
make it possible to obtain a reliable profile map which will
serve to show the prospective operator what the grading
should be at different points along his line,

Abrupt curvatures in a flume should be avoided, for they
are likely to cause jams. Curves should rarely be permitted
to exceed 20°. The longer the material to be handled in the
flume, the less abrupt should the curvatures be. It mav be
mnecessary to blast out rocks and boulders, or projecting
points of bluffs, or to trestle, or even tunnel, to eliminate
abrupt curves or maintain an even grade.

General View of the G.T.P. Ship-building Plant at Prince Rupert, B.C.

is constructed with a steel frame, and is equipped with
a large travelling crane. Its size is 160 x 300 ft.

The above-mentioned firm, of which Mr. N. B. Beer
is manager, is_ executing the contract for the Grand
Trunk Pacific Railway.

SRS PSSR

TIMBER FLUME CONSTRUCTION.

Some flumes are built with only the lining or inside of
the 'box of sawed lumber, the brackets or frames which sup-
port the sides of the V being made from round pole wood
flattened on one side, and the sills, stringers, braces and
trestling of small round timber or poles. Sawed material
is recommended for flume construction, however, wherever
it can be obtained at reasonable cost,

The “boxes’ or sections of a flume vary in length from
6 to 20 ft. Sometimes the boxes are made of only one thick-
ness of boards, but more often of two thicknesses with the
joints broken by varying the width of the boards. Some-
times, also, a single thickness of boards is used, with bat-
tens spiked over the joints on the outside in the section be-
tween the brackets. In still another form the battens are
continuous. On curves the boxes should be shorter than bn
§traightaways. and the bents, arms, and braces correspond-
ingly closer spaced. In general, on curves of from 6 to 10°,
the boxes should be jointed at least once in every 12 ft.; on
curves exceeding 10° and less than 15° every 8 ft.; and on
curves of .more than 15° at least -every 6 ft. Very abrupt
curves also require increased bracing, in addition to shorter
spacing of the arms and brackets. Flumes should also be
strongly reinforced at points where extensive shipping is to
b.e done or much material loaded into the flume over the
sides.

If the storage facilities at the lower end of a flume are
mot sufficient for all the material that can be handled during
the period in the spring when melting sncw and early rains
furnish an unusual volume of water, the construction of small
holding reservoirs or ‘‘catch basins’ at different points along
the line is recommended. These may be formed by damming
up some small stream; or natural ponds, favorably located,
may be used for the purpose. In this way such material as
it is not necessary to handle clear throuczh at once can be
diverted temporarily. A small artificial pond or reservoir at
the upper end ¢f a flume in which to ‘“land” or “bank’’ the
material to be shipped is also advisable. especially when
handling logs, cross-ties, or heavy manufactured material of
any kind. )
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THE CONSERVATION OF WATER-POWER.

The question of conservation has to do with the
policy, not only of the governments, federal and pro-
vincial, but also of the people at large, with regard to
those resources, useful to man, which are supplied by
Nature in a form easily adaptable to immediate utilization,
and particularly with regard to those natural resources,
ot uniformly distributed, which are limited in extent’ or
' quantity. Among such natural resources are the
Minerals in the earth, the forests growing upon the earth,
and the waters flowing over the earth. Whether applied
to any or all of these,.a policy of conservation should,
Manifestly, be directed neither to a locking up or with-
drawal from use, on the one hand, nor to an indiscriminate
or Wasteful utilization, upon the other hand. Economy,
In its best sense, should prevail, but an economy which
'as regard for both the present and the coming genera-
tlons. These natural resources are placed by nature for
the use of man, the man of to-day and the man of the
future, Where present and future interests conflict, those
of the present are paramount. It is not justifiable unduly
to place burdens and restrictions upon the present genera-
tion out of regard for those to come after us, nor unduly,
Y present extravagance, to impose unnecessary burdens
upon the future. More than that, neither desires for the
bresent nor for the future should be made the justification
Or pretext for measures in conflict with the fundamental
laws of personal and property rights which are, under our
§0n§titutional government, the safeguards of our free
mstitutions, : 5

Conservation, then, should denote the policy of the
€conomical utilization of these natural resources, and of
the utmost protection, within the law, of such economy,
consistent with the needs of present and of future
.8enerations.

The two great, natural sources of energy available
4re coal deposits and water-powers. The known supply
of bituminous coal, while sufficient for a few centuries to
come, assuming that the present rate of consumption con-
tinues, is in fact limited, as its cost to the consumer
8radually increases as the supply diminishes. While the
€ost of developing water power is considerable, the de-
velopment of electrical transmission of energy has made
Water-power, development feasible as a business proposi-
tion, as against the cost of steam power, to the extent
that the amount of water power which is yet undeveloped,
ut which could he economically developed at the present
time, amounts to millions of horse-power. As fuel grows
Scarcer and as the science of electrical transmission pro-
8resses, further water-powers, now merely potential, will

available for the market. It is computed that under
dverage conditions about fifteen tons of coal are required
O generate one horse-power a year. The use, therefore,
Of the water power now unused but economically avail-
able, would reduce the annual coal consumption by a re-
Mmatkahle percentage. Thus by the extended utilization of
one source of enargy, water power, two objects of con-
Servation would be accomplished,—the utilization, with-

]0ut loss, of one natural resource, and the saving from
. '0Ss of another.

Herein lies the peculiar adaptability of the policy of
Conservation to the use of water-powers. The three
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natural resources referred to represent fairly three distinct
classes, or kinds, differing in respect of their quality of
persistence. The mineral supply, in this case the coal
deposits, is limited by its fixed and approximately com-
putable quantity. In the case of timber, while the present
supply is limited it, nevertheless, is naturally renewed.
Indeed, the non-use of the quantity ripe. for use is itself
a waste; but, comparatively speaking, timber is a recur-
ring, even if not a constant and undiminishing, natural
resource. But water power is constant. The supply is
not diminished by use, for in itself it consists in the de-
velopment and use of two constant factors, viz., supply
of water, and a head and fall, through which the weight
of the water creates energy developable for practical use.

Every ton of coal used is forever lost as a source of
energy. The use of every fifteen tons of coal means that
the natural sources of energy have been forever diminished
by an amount equivalent to the use of one horse-power
for an entire year. To the extent that any quantity of
coal is used up for energy before the time when its use
is necessary, in place of an equal amount of energy from
water power, such use constitutes a waste of energy. On
the other hand, the non-use of any quantity of water
power, through lack of development and of use of water-
powers, the development of which is commercially feasible,
means a waste of energy which can never be recouped.
So far as such waste of water-power energy is accom-
panied by the further waste of coal energy, which the
water-power energy might otherwise replace, there results
a double and continuous loss or waste of the energy avail-
able from natural resources and, therefore, of these two
natural resources themselves. The primary object of the
conservation of natural resources, which is to preserve
them from waste, is manifestly doubly opposed by any

policy which defeats or postpones the development and
utilization of water-power energy.

Because it is inéxhaustible and because its use re-
places that of another and exhaustible natural source of
energy, water power is the most potent of all natural re-
sources, as a subject and agency of conservation. In the
case of a limited, exhaustible, and rapidly diminishing
supply of a natural resource, such as that of coal deposits,
the forces of conservation should be directed to the pre-
vention of use, as far as consistently possible. But the
correct view of conservation inevitably leads to the de-
mand that, in the case of water-powers, there shall be
encouraged and promoted the greatest and most immedi-
ate use possible.

SANITARY SEWER FILTRATION.

Too little is known of the infiltration of subsoil water
into sewers and of the escape of sewage en route to the
outlet. Undoubtedly there are a good many conflicting
conclusions pertaining to the subject, but there are as
well numerous instances to indicate that the infiltration
of ground water into sewers is costing municipalities
large sums in pumping and treating this water at purifi-
cation and disposal plants. There are systems where
newly. l.aid sewerage systems discharge ground water in
quantities equal to a considerable percentage of their
capacity, before house connections are made.
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Reasons that have been advanced for the general
delay in acquiring more detailed knowledge ax}d d(:lta on
ground-water flows centre largely around the historic fact
that the combined sewer preceded the separate sewerage
system. In the construction of the former, tight joints
were not an important item, otherwise, ground and sur-
face water would have had difficulty in finding its way
into the system, such a condition renderin_g it less efficient.
Entering upon the design and construction pf separate
systems, engineers and contractors somewhat }ncluded the
importance of perfect jointing and the resulting leakage
feature has become prominent. An instance is on regord
at New Orleans of the leakage of ground water into
sewers attaining an extent of 1,250,000 gallons per square
mile. This infiltration, perhaps not objectionable in storm
sewers or drains, is unquestionably so in other sewers and
the importance of careful design and workr{xanshlp to re-
duce leakage to the least possible amount 1s.perh.aps no
greater in any other branch of municipal engineering.

Obviously, the amount of fiitration is a function of
the head of ground water on the' sewer, of the linear
measure of joints in the case of pipe sewers, and of the
superficial area of the interior of brick or concrete sewers.
The volume is usually stated as so mL'ICh per acre, per
square mile, per mile of sewer, per capita or percentage
of dry weather flow, but there is little information by
which an estimate may be made based on the fundamental
considerations mentioned above. There should, at least,
be some regulations to apply to work done by contract.
This would naturally involve a determination of- how
much water the sewer might be allowed to carry VYlth(.)llt
materially injuring its usefulness. '.I‘his determination
would depend upon the number and circumference of the
joints. ;

At a meeting of the American Association for the
Advancement of Science, Mr. J. N. Ambler incorp.orated
in a paper which he read on this subjec.t a part of his own
specifications covering sewer construction. While effect-
ing some very careful work and acting as a powerful de-
terrent to poor construction, the specification was not re-
garded by the contractors as unduly severe. Mr. Ambler
states in his paper that he once laid a mile of. large sewer
through exceedingly swampy land passing several
streams with the result that not more than a stream X{-
inch deep was flowing from the lower end of the sewer
upon completion.

The following is an outstanding part of his speci-
fication :—

It is the intent of these specifications that no more
leakage of ground water into the sewer be allowed than
is admissible with a first-class piece of work, in which
care has been exercised to get as near as possible to a
watertight result.

To determine the admissible amount of leakage, the
. length of a joint will be considered as the outside circum-
ference of the spigot end of a pipe.

Leakage not in excess of two gallons per day of
twenty-four hours for each foot of circumference of every
joint will be considered admissible, the amount of flow to
be determined by the engineer’s gauging in each section,
by means of a notch board.

The contractor agrees that for each 10,000 gallons
per day of twenty-four hours by which the total flow of
the sewer exceeds what the total flow should be, when
figured on the basis already given, a deduction of $100
from the contract price will be made.

Volume 27.
-
This will not apply further than to a total flow result-
ing from three gallons per day of twenty-four hours, from

each foot of joint length, beyond which figure the sewer
will be regarded as not in compliance with this contract.

— e

PROTECTION OF UNDERGROUND SURVEY
POINTS. :

In mining work it has been found that protection
against rot of survey points is most important. The work
of the mine surveyor largely hinges upon their proper
location and upon their not having been disturbed, but in
order that the survey stations may possess a longer life
of service some method must be adopted to prevent decay
or molestation.

If survey plugs are driven flush with the rock they
are less subject to rot than when allowed to project. The
use of horse-shoe nails has given place in many instances
to brass spads. When survey points have to be set in
timber, especially in new timber near a face, it has been”
found well worth while to carry the point down from the
spad in the cap to a point on the sill or on a hub in the
bottom. The cap and consequently the spad is more sub-
ject to movement than the point in the bottom. Further-.
more, with the point set in the floor, any movement can
be readily detected.

-_—t—

ULTRA-VIOLET RAYS STERILIZATION OF
WATER IN AMERICA.*

FEW weeks ago the contract was awarded 'by the
A City of Niagara Falls, N.Y., to the R.U.V. Co.,

Inc., of New York, for the installation of 33

““Pistol”” lamps for the sterilization of water by
the ultra-violet rays of the mercury vapor quartz lamp.
This is the first municipal installation of the system in
America. The capacity of the filter plant in which they
are to be used is 16,000,000 gallons per day.

The lamps will operate in banks of seven, and will
be spaced 30 inches apart. Each bank will rest in a con-
crete channel 2 ft. wide, 3 ft. deep and 26 ft. long.
Water will pass through the channel at a rate that will
allow an exposure of 30 seconds to the ultra-violet rays.

The cost of the installation will be $19,800, which
will be augmented by the necessity of rectifying th~
electric current from alternating to direct. This equipment
will cost approximately $2,200. The guaranteed cost per
million gallons for maintenance comprises current at 7
cents, and lamp renewals, based on a 2,900-hour life, 60
cents. p

The Niagara Falls plant has been using about one
grain of coagulant per gallon and five pounds of bleach
per million gallons, thus costing about $1.50 per million
gallons for chemicals. With the introduction of the new
process it is expected that the plant will be made more
economical as well as more efficient.

[* An article on water sterilization by ultra-violet
rays appeared in The Canadian Engineer for June 25th,
1914.—Editor. ]

—_— — e —

The Dominion Creosoting Companv, Limited, of Van-
couver, B.C., has received an order for 160,000 creosoted rail-
way sleepers from the Bengal and Northwestern Railway Com-
pany of India. The specifications call for best quality, well
seasoned Douglas fir to be treated with 12 pounds of creosote
ggl: cubic foot under specified temperature and pressure con-

1tions.
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PRESENT TENDENCIES IN ENGINEERING EDUCATION

AS DISCLOSED BY THE PAPERS, DISCUSSIONS AND CONVERSATIONS
AT THE ANNUAL MEETING OF THE SOCIETY FOR THE PROMOTION®
OF ENGINEERING EDUCATION, AT PRINCETON, N.]., JUNE 23-26, 1914.

By C. R. YOUNG, B.A.Sc., C.E.,

Assistant Professor of Structural Engineering in the University of loronto =

! I YHAT the engineering profession has not yet attained
a status in keeping with its importance is amply
evident from the spoken and written words of its
thoughtful members. Duties, often of a judicial

character, are performed under conditions inimical to the

calm and thorough consideration of all the factors of the

Problem in hand. The independence of the physician or

of the lawyer is enjoyed in much less measure by the

engineer. His lack of activity in public affairs must be
admitted. As yet, he lacks social consciousness.

Every thoughtful engineer has a vision of what his
Profession ought to be. Primarily, membership in it
should involve the capacity to meet new and unexpected
Sltuations promptly and effectively. The engineer must
be able to devise, unaided, his own plan of campaign,
must forge his own weapons and wield them skillfully
and courageously. He must be, as President Hibben put
It, a scientist, not a technician; he must know not only
the facts but the causes of the facts. ~Like ‘the great
Physician, he should, to a large extent, be the maker of
the conditions under which he works. More frequently

than he now does, the engineer should be called upon to
~ fill responsible executive positions requiring both technical
and business training. He should be a loyal supporter of
€very movement for the betterment of his own profession
and not only should he have convictions on public ques-
tions based on conscientious study, but he should take the
part that the state requires of every good citizen.

. The disparity between the engineer as he is and the
€ngineer as he ought to be can be lessened only by a
powerful transforming agency. Various opinions are held
as to what this is to be. = That imperfect education of
enhgineers is responsible for many, perhaps most, of the
ills which the profession now suffers, cannot be doubted
When one hears the testimony of those qualified to judge
'especting the fitness of the engineering graduate
for the work of the world as he leaves the
COIle.ge halls.  Professor John B. Whitehead, in re-
Porting the results of the investigations undertaken
Prior to establishing" a Department of Engineering in the
Johns Hopkins University, states that ‘‘the average en-
8lneering graduate is wanting in general education, in
S(‘))W?’rs of expression, in imagination and ability to rea-
p 0.7 He cites in this connection the con.clu51f)ns of Pro-
€ssor C. H. Benjamin, dean of the engineering schools
of Purdye University, who examined the history, subse-
duent to graduation, of 3,500 graduates in engineering,
PartICularly with respect to their fitness for professional
:’Vo.rk. and with a view of ascertaining how educational
‘aining could be altered with promise of improvement.
i dan Benjamin found that the graduate has littlg know-
edge of commerce, business methods and economics, and
Must devote himself in some way to acquiring further in-
czrmatlon and knowledge of affairs for several years to
ml‘::l ; that the literary side of his educat.ion has been too
Shle & rlegl_ected ; and that the g.rad.uate is ‘fx:equently un-
& O express himself properly in either writing or speak-

g. AmOng the educators, engineers, employers, and

others consulted by the Johns Hopkins University, there
was general recognition of the imperfections that have
been mentioned. Professor Whitehead states that com-
plaints of t@o great insistence on professional training to
the sacrifice of fundamental and cultural studies were par-
ticularly widespread. .

From the papers, discussions and conversations at
the Princeton meeting of the Society for the Promotion of
Engineering Education it appears that improvements in
engineering education are to come principally in connec-
tion wijth (1). the subjects taught, (2) methods of teaching,
(3) the teacher, and (4) administration.

The Subjects Taught.—In framing new engineering
courses, or in the improvement of existing ones, the
modern educator will see to it that whatever is taught is
closely related to the entrance requirements of the college,
to the probable character of employment of “its graduates
and to the personal qualities desirable in an engineer.
His master-motive will be the student, not the subject.

With a course of given length, the scholarship and
general equipment of the graduates will be largely de-
termined by the conditions of entrance. With these fixed,
the institution is automatically classified as a trade school,
a professional school, or a compound of the two, and the
subjects taught must follow.

Effective meeting of the needs of the community de-
mands that the technical college shall carefully and con-
tinuously study the shifting field of employment of en-
gineers and train its students accordingly. Not only must
the broad departments of engineering likely to absorb
grac‘iuates, as civil, mining, mechanical and electrical
engineering, be considered, but the probable range of em-
ployment of the average graduate should receive attention.
S.o frequently do graduates in one department find their
!1fe work in another department that the student should,
m_prudence, be equipped for transfer. There are now
arising, thanks to the joining of technology to business,
an increasing number of positions demanding of their in-
cumbents both technical and business training. Professor
C. F. Scott is authority for the statement that one-half
of the members of the three principal engineering societies
of the United States are in executive positions. But few
are, or will be, engaged at wholly technical pursuits and
of these only a minority will be so occupied for long. In
all probability, a large number of graduates of engineer-
mg.colleges will in the future be called upon to assume
dutles_ of a mixed technical and executive character. In-
struction in technical institutions must anticipate this.

A For business and professional reasons alone, and
quite apart from higher motives, engineering education
shoulc.i aim to develop in the student character, intellectual
capacity, well-ordered knowledge of his own field, know-
ledge .of men, address and popularity. In purely technical
pursuits the last three are less important than the first
three, but for the majority of positions that engineers are
ca]!ed upon to fill, knowledge of men, address and popu-
la.r'lty are of the utmost consequence. Their indispensa-
bility in the field of the engineering salesman is obvious.
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In so far as specific subjects of the c'urriculum tend
to develop these personal characteristics in 's.tudents they
are useful and that group of subjects giving the best
balance in equipment is the most desirable.

There is now general agreement among engineer
educators that three classes of subjects should be taught:
technical subjects, economic subjects and cultural subjects.

Technical subjects, based upon the physical, che.mical
and mathematical sciences, give to the student that intro-
duction to professional practice required in order that he
may become an engineer. The selection must be made to
correspond to the probable range of employment of the
average graduate and at the same time to enable the
undergraduate, in democratic institutions at least, to earn
a living and something more during the holidays. Ijlmxta-
tions of time require that only those subjects in which the
student most needs assistance shall be taught. Many
reading or descriptive courses might, with profit, be. left
entirely to the student. In presenting those sub;ects
which are given a piace in the curriculum, the usual situa-
tions and problems should be given priority over the un-
usual. In the writer’s opinion, much time is wasted in
giving elaborate courses in higher structures to civil en-
gineering students when only a small percentage of them
will, as engineers, have anything to do with such struc-
tures. Let the problems that 7o or 8o per cent. of the
graduates of an institution will be called upon to sol_ve de-
termine what is taught, rather than those with which 20
or 30 per cent. may occasionally be.confronted. Funda-
mentals, not details, should prevail. Both cannot be
taught in college and it is obvious which should give way.
The attempt to give manual dexterity in field work, shop

work or in routine testing is an anomaly in an institution
Such is the work

for the training of professional men.
of a trade school.

Economic subjects, devised: to reveal to the student
economic laws and business methods, are being introduce.d
for the sake of the increasing numbers who will ﬁnq their
life work in a combination of engineering and business.
Attention should be given to organization, management,
finance, business procedure, commercial law a.nd account-
ing. There are, however, in the presentation of these
subjects, the same difficulties as have been noted in con-
nection with technical subjects, particularly the tendency
to encumber the student with multitudinous details. The
advocates and teachers of scientific management are
especially culpable in this respect. If there is any sc.ience
in management, surely it can be presented in a few simple
principles and it is these that the student should hear
about.

Cultural subjects are now generally regarded by those
who have given study to the matter as not only a de-
sirable but a necessary part of an engineering course. To
attain the higher reaches of success, the engineer must be
an educated and cultured man. No corporation, public or
private, cares to trust large problems and delicate negotia-
tions to an ignorant, unpolished representative with one
idea, and that a technical one. Even if the student can-
not see far enough ahead to cultivate ‘‘the durable satis-
factions of life,”’ he should realize that the shortest cut to
failure lies through neglect of the things that put him at
once in touch with educated men in other walks of life,
upon whose favor his professional success will depend.

It is possible, of course, to so select the cultural sub-
jects incorporated in the curriculum as to improve not only
the general education of the student but his professional
equipment as well. Expression, whether it be in speech or
in writing, in his own tongue or in a foreign one, ministers

-from the class-room or the laboratory.
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to both these ends. An acquaintance with literature
opens, as Alfred Noyes has put it, ‘‘twenty gates to
knowledge.’”” Modern, and particularly current, history
widens his horizon and makes him a citizen of the world.
Sociology introduces him to public problems to the solu-
tion of which he should contribute his best thought and
effort. In professional as well as in private conduct, a
grounding in ethics is vital to him.

Already many institutions have given place to cultural
subjects in their curricula. The Massachusetts Institute
of Technology strives to carry instruction in English, in
one form or other, throughout the four years. Third-year
students must spend 45 hours in the first term and 75
hours in the second term on elective work in general sub-
jects. These are arranged in four general options:
Economics, English, Modern Languages and History.
Fourth-year students may also be admitted to these
options without examinations. Beginning with the next
session, Columbia University will require for entrance to
its engineering courses a three-year college course com-
prising instruction in English, Modern Languages, His-
tory, Philosophy and Political Science. In the new en-
gineering courses recently established at the Johns
Hopkins University, 24 per cent. of the total time will be
devoted to general educational and cultural studies, com-
prising English, Modern Languages, Political Economy,
Logic, Ethics and Psychology.

It is thus evident that a multiplication of the points
of contact with life is the ideal of many engineering edu-
cators. Mr. W. H. Rayner, of the University of Illinois,
has given effective expression to this view. Says Mr.
Rayner: ‘I believe that it is more important for a senior
to gain a good comprehension of present-day labor
problems than to spend six or eight hours per week in
detailing a plate-girder bridge; and, as an academic
means to equip an engineering graduate for intelligent
citizenship, it would be more profitable for him to consider
the fact that between 10,000,000 and 20,000,000 people in
our prosperous America are near the poverty line, and
design measures of relief for them, than to design a gas
engine.’’

Methods of Teaching.—Instruction may be imparted
by formal or by informal means. The first is undertaken
in lectures, recitations and laboratory investigations. The
secqnd arises through personal example, inspiration and
advice in personal matters not covered by the curriculum.
.Increasing recognition is now given to the necessity for
informal intercourse with students. Only in this way can
the teacher really come to know the student and thereby
reach and inspire him.

In formal instruction, the best teachers now ap-
parently strive to (a) create and maintain interest in what
is taught, (b) indelibly fix the fundamentals in the student’s
mind and (¢) provide the student with means of self-help.

(a) Without interest, the student will carry little away
fro How to develop
it is the first problem of the teacher, and evidences are not
lacking of earnest efforts to find the solution. For en-
gineering students, there should be at the outset a con-
suming desire to become engineers and a willingness to
make large personal sacrifices in order to do so. To
create this desire. the teacher must present engineering
in an attractive, if not a romantic, light.

Maintenance of interest is only possible by encourage-
ment and frequent assurance of progress on the part of
the instructor. The basing of new principles upon what
is already known to the student is to him one evidence of
increasing knowledee. The tacit inventory-making in-

volved in tracing the inter-relation of subjects is another.
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Apart from this mental stock-taking there is a value in
constant relation of the new to the old. It is a fact, as
Professor William James has pointed out, that the abso-
lutely new makes no appeal.

In the teaching of theoretical subjects it is now re-
garded as highly desirable to introduce physical notions
whenever and wherever possible.  Professors Franklin,
MaC.Nutt and Charles, in their paper on ‘‘Practical Mathe-
matics,”’ repeatedly express this as their belief. Thus:

“In the teaching of mathematics every effort should
be made to appeal to sense material and to the quantitative
DNotions which permeate everyday life; and mathematical
Principles and relations should be visualized wherever it
IS possible.”’

i1 the only way to marshall the mind-stuff
of a young man for the manufacture of ideas is to intro-
duce the drag net of physical suggestion into every dis-
cussion. There is no -other way to bring intuitive and
sense ma.terial into the field of consciousness where it may

Organized into a structure of ideas.”’

Of especial importance in maintaining the interest of
ehgineering students is the correlation of theoretical sub-
Jects with practical engineering problems. Professor A.

._McDani-el, of the University of Illinois, has effectively
Pointed this out in his paper on Coérdination in Engineer-
Ing Instruction.” Speaking of the teaching of trigo-
fometry, he says:

‘Generally, the speaker has found the student equip-
ped with g vague idea of the trigonometric functions. Be-
z’;’::g the fact that they are certain abstract fractional
- tf], [they mean very little to him. He does not readily
o) ie"‘hSlgmﬁcance in t.he so!utlon of px.'oble.ms on paper,
i iaal 0 the field. Especially is he deficient in the ability

Visualize these fundamental trigonometric concepts and
gl‘;mkly grasp their applicability. The reason for this is
notar.' The sub]_ect is taught in an abstract way and
i n correlation with the dependent branches of
giére:e,e"”g- Some schools, notably the college of en-
voredrmg of the University of Minnesota, have endea-
e to solve .th.e problem by emPloymg teacl_lers w1t_h
sy €ering training for the courses in mathematics. This

€thod has proved to be quite satisfactory and efficient.

nquest}onably such teachers vivify the subject, and
?;:s‘;-“f it in a concrete manner, having always in mind
dri]]‘u ure appllcat'lons of the principles which they are

Ing into the minds of the students.”’
mind(b) The indelible fixing of fundamentals in the student
o requires that the tfeachmg §hall largely be confined
o r(l:lndamentals. Sufﬁcw‘nt detail to .enable the _stude‘nt
% Ja t:te' the projblem to his own experience or to ldentlf.y

T In practical affairs is salutary.” More than this
pl‘icrlxo}lds the central principle. ~The reduction of the

nccl[;les taught to the fewest possible adds to clearness.

ree)i::j °Pedlc. teaching is no longer in favor. When
Con;l ent -VVIISOI.I began his teaching career he strove to
of itzf'eSS Into his lectures the greatest possible amount
b O?}atlon, but he soon dlSCO\tere(.i that the true ideal
develac Ing was not the communication of facts but the

Opment of understanding in his students.

g ISYmbolism in mathematics is rqspgnsible for the lack
Ven? ear unders.tanding of many principles 'that for con-
Thuence are given statement in mathematical formulz.
e Sy Profes§ors Franklin, MacNutt and Charles find that
€Ir experience when a student is asked to state Joule’s

aw _he will say ‘‘aitch equals arr aye square tee’”’ ! and
at it is difficult to get him to say that ‘‘the amount of
g?\?t enerated in a particular piece of wire during a
in :}‘:‘ time is proportional to the square of the current
© Wire and to the time that the current continues to
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flow.”” The aid to be derived in fixing principles in the
mind of the student by their expression in words rather
than in symbols is indicated by Professor Dugald C.
Jackson, of the Massachusetts Institute of Technology,
in the following :

““I am strongly in favor of emphasizing the instruc-
tion in mathematics, but particularly in calculus, on the
side of the interpretation of the meaning of equations into
simple terms of English, as the terms of English are those
in which one ordinarily thinks, and it is necessary to make
such interpretation in order that the logical processes of
mathematics may be incorporated with our ordinary pro-
cesses of ‘thought and analysis.”’ ; :

On the principle that no operation is clearly under-
stood until one performs it one’s self, the subject should
be drawn out of the student rather than put into him. He
should solve his own problems, make his own discoveries
and answer his own questions, merely receiving the guid-
ance and suggestion needed to keep him on the trail. It
is this method “that Dr. E. J. Berg follows at Union
College, Schenectady.- While ideal, it has the disad-
vantage of requiring the expenditure of much time on the
part of the instructor as well as a large teaching staff.

(c) Recognizing that the student must rely wholly
upon himself when his college days are over, the judicious
teacher will seek to provide him with adequate means of
self-help. Primarily, the student must know how to
study, but, as Professor George L. Sullivan has shown
in his paper ‘‘Teaching Engineers How to Study,” he
usually does not. Increased attention must be given to
this matter and an effective method of securing it would
be to encourage students, by special recognition, to devise
improved methads of study of the various subjects of the
curriculum. An experiment of this kind is now being tried
at Brown University.

So large a part does judgment play in the work of
the engineer that a special effort should be made to de-
velop it in college. Opportunities for choice and decision
must be created and wherever possible responsibilities
must be placed on the student. Let him fix important
features of the problem in hand, although he may have
to do it over several times as a result of erroneous. as-
sumptions. Require him to seek out his own data from
the books, tables and typical plans available. Through
the blunders, rather than by the fortunate steps he makes,
he will understand the value of judgment and the meaning
of responsibility. :

Success in dealing with practical situations requires
that the engineer shall be able to formulate the scientific
problem from a layman’s statement of conditions. One
of the greatest difficulties of the young graduate is in
making a book problem out of the information supplied
him or to apply the theoretical principles learned in college
to the securing of useful results from a mass of data
gathered, perhaps, by himself. To remedy this, practice
in formulating theoretical problems from practical state-
ments of conditions and requirements should be given in
engineering courses.

Th.e Teacher.—Without able and inspiring teachers
no institution can influence the student deeply or for long.
Ab.ove all other qualifications demanded of one who would
guide youth is character. No connivance at sharp prac-
tice, ‘‘tricks of the trade’’ or the operations of the
disaster-inviting “‘bluffer’” can be permitted. Varied
ability, too, is essential. The teacher must possess mental
calibre, an unusual facility of expression and tact in
dealing with man, especially unruly .and, at times, erratic
students. Extreme cleverness in an instructor is, how-
ever, a handicap. The student’s difficulties are not his
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difficulties and the discussion will in all probability be
carried over the heads of and beyond those who are sup-
posed to profit by it. s :

Scholarship should be a prerequisite for .teachmg.
Only one who is an up-to-date, first-hand authority on the
subject he teaches can win and maintain the confidence of
students. This necessitates a certain amount of research
and writing. Through such activities the teacher not only
extends his knowledge, but maintains a perennial fresh-
ness and interest in what is perhaps no more than a
narrow specialty. Danger to the effectiveness of the in-
stitution as a teaching organization, however, lurks in the
effort to carry on a great deal of research or writing. An
eminent professor, upon outlining the various researches
that he proposed to carry on during the approaching
session of college, was asked what he would do with his
students. ‘‘Neglect them,’’ he replied. Little objection
could be raised to investigations respecting the effective-
ness of various methods of teaching and much of this
legitimate form of research is now being undertaken by
engineering instructors. An evil also exists in the prac-
tice, happily not widespread, of institutions urging young
and immature instructors to write text-books with one eye
on the advertising value to be derived therefrom.

No one should attempt to teach engineering subjects
without enough experience in engineering to convince his
students that he possesses more than book-knowledge of
that which he teaches. As an adviser, he must have a
knowledge of various fields. sufficient at least to give per-
spective. Much has been said concerning the engagement
of practicing engineers as instructors on ‘‘part time.”’
Engineering experience, as against a communicable
knowledge of theoretical principles, as a qualification for
effective teaching in a technical college, is losing its hold
as a fetish. Directing a squad of draftsmen or keeping a
contingent of contractors out of each other’s way is not
precisely the training that is most useful in enabling a
man to impart a knowledge of the great fundamentals of
engineering science. Teaching is a vocation requiring
special fitness and special training quite as much as any
other calling. - An engineer of vast experience may be
quite useless as an instructor. There is too great a dis-
position on the part of those who are called in from the
field to teach to present the subject in a bewildering maze
of detail. - Their traffic with fundamental principles oc-
curred so long ago that they have half forgotten that such
exist. What they give to their students, therefore, are
details, short-cuts, approximations and serviceable turns
in the practical execution of work in office and field. The
maintenance of a private practice of any considerable
extent is, so far as its aid to teaching is concerned, of
doubtful value. Not even the engineering professor can
serve two masters. The advertising value to the institu-
tion does not compensate for the loss of personal contact
with students inevitable with such an arrangement. So
long as the major interest of the teacher is his students,
Ehe college will profit by allowing, or perhaps encourag-
ing, private practice, but when academic duties are per-
formed in time not otherwise occupied, the college is
the loser. ‘

Personal qualities of a high order are rightfully de-
manded of a teacher. His sympathies must heé wide and
his appeal to the student must be many-sided. In en-
thusiasm, however, is found his greatest source of power.
Without it. he will be a failure, no matter what his other
qualifications may be. Dean Orton, of the Ohio State
University, has expressively put it in his remark ,that
“About all a teacher is good for anyway is to ‘enthuse’ .
boys.”’ (R ; :
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Good teachers can neither be obtained nor retain.ed
without inducements other than the opportunity for service
—compelling though that may be to an idealist. The
desire for a salary adequate to the position should be
pardoned. Reduction of clerical and routine work to a
minimum is highly desirable for one whose chief asset 1s
his freshness and enthusiasm. Appointments, promotions
and rewards must be based on capacity for the particular
service required. If teaching is the service desired, let
rewards be governed by ability to teach and not by
demonstrated ability as an engineer, an original investi-
gator or a writer.

Co-operation among teachers will profoundly minister
to the effectiveness of instruction. Without it, the-results
achieved by one may be offset by another. There must
be ‘“‘give and take” in the matter of inter-relation of
courses. Mutual help in faculty seminars and conferences
is desirable.

Administration.—Since we teach not as individuals
but as institutions, constant direction of both staff and
students by a central authority is a necessity. For the
good of the college and the effectiveness of its teaching
no teacher should be permitted to carry an overload. His
personal power with students depends, to a remarkable
degree, on his enthusiasm, freshness and elasticity, and
these cannot be maintained under a burden of overwork.
Leisure is the one thing that the teacher should not be
permitted to forego. There is, too, such a thing as a
student load. The administrative head should assure him-
self that it, as well as the staff load, is not excessive.
Much attention is now being given to such matters as the

. length, inter-relation and balancing of courses, the length

and frequency of lecture, recitation and laboratory periods,
the size of classes, the part of the day utilized, and allied
problems vitally affecting the student. A halt has been
called in the institution of graduate courses in engineer-
ing as a result of the indifferent success of the Harvard
graduate school, and the action of the Johns Hopkins
University in the establishing' of a four-year under-
graduate course with the provision for graduate work
later is indicative of the tendency in this matter. A pro-
nounced reaction against specialization is now in evidence.
But little election is allowed in the new course at Johns
Hopkins, and many educators are inclined to favor the
attitude of such institutions as the University of Penn-
sylvania, which, for example, requires all students in civil
engineering to take the same course.

Indications of Change.—Indications of profound
change in the methods of engineering education are not
wanting. Dean Gardner C. Anthony, in his presidential
address to the Society for the Promotion of Engineering
Education at Princeton, declared that the pendulum had
reached the exfreme position in its swing toward voca-
tional training. The committee on Entrance Requirements
of this society put themselves on record as deprecating the
acceptance by engineering colleges of more than two
Carnegie units of time devoted to manual training. The
Johns Hopkins University designedly omitted shop work,
foundry work and manual training from the curriculum.
The University of Washington has completely revised its
courses in the direction of greater attention to cultural
studies. The three-year preparatory course for entrance
to Columbia has already been mentioned. There appears
to be, on every hand, ample evidence of a coming liberali-
zation of engineerino education. The ideal of ex-President
Charles W. Eliot is more generally accepted than ever
before: ~‘““Education for efficiency must not be ma-
terialistic, prosaic or utilitarian: it must be idealistic,
humane and passionate, or it will not win its goal.”
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A FORM OF SIPHON SPILLWAY.

vice for regulating the water level in a canal,

stream or reservoir, and to provide for the dis-

posal of surplus water in time of flood. It was
developed by Mr. G. F. Stickney in connection with his
work as designing engineer for the New York State
bar‘ge canal, on which waterway it has been adopted.
It 1s claimed by the inventor that the device will reduce
considerably the size of a structure necessary to dispose
of a flow of water, as a dam or spillway, and thus effect
A material saving in its cost. Its automatic features
contribute greatly to economic operation. In the develop-

r I"HE following illustrations are descriptive of a de- -

TAL WATER

—
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AN

Fig. 1.—Section Through Siphon Spillway.

ment of water power in the storage of water for irriga-
(liIOn or other purposes, or in the increase of mavigable
iepth of s_treams,‘there are problems such that those
Nterested in the same will find the following descriptive
notes of interest :— :

o Fig. 1 is a sectional view of the siphon spillway.
i IS a closed conduit of an inverted ‘‘U’’ shape ex-
ending through a dam where a fall is available, thus

F'g- Z.—Upper and Lower Sides of Spillway. The Former Shows Inlets
and Air Vents ; the Latter, Siphons in Operation.

(l;ftll;izlng the siphonic principle to induce a high velocity

and or' Tfle s.lphon is built in the masonry of a dam,

eStabll's action is entirely automatic. The flow, when

sluic ished, is comparable to that through a submerged

s €-gate with a velocity of from 60 per cent. to 8o per
+ of the theoretical velocity due to the head.

levelThe crown of the siphon ‘s entirely above low water
inlet.w lhe upstream leg is sufficiently long to brl.ng the
entran ell be.lOW ‘Ehe water surface so as to avpld the
o lonce of Jce drift, etc. ‘The downstream leg is made
all thegh as 1s <p1_'actxcable in order to take advantage of
8ol ead-available. It is not necessary that the outlet
erged. - . o
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The action of the siphon is controlled by an air-vent
which pierces the up-stream wall at the low-water level.
When the water above the dam rises the vent is sub-
merged so that no air can pass into the siphon. The
water then spills through the crown and the down-stream
leg. At a certain depth of overflow the air in the siphon
begins to pass out with the flowing water; and, as the
air becomes rarified the water rises to a higher level in
the crown than the surface of the stream outside. Within
a short period of time the crown becomes completely
filled with water. The siphon is thus primed and rapid
flow established. It will continue until the water surface
has lowered to such an extent as to expose the vent suf-
ficiently to admit a  volume of air into the crown. Then
the siphonic action ceases. A fluctuation of the water
surface of from 3 inches to 1 foot, depending on the size
of the siphon, is necessary to start and to stop the flow.
The limiting height of head which may be utilized to
produce flow is 33.9 ft.—the height of the longest
column of water which atmospheric pressure will sustain.

Siphons of large capacity may be built with the top
of the crown well above the highest water level, but in
such cases a simple automatic priming device is neces-
sary and both ends of the siphon must be submerged.

Concerning this device it is notable that there are
no adjustable or working parts liable to derangement or
deterioration. It is genuinely automatic in action; and
it will maintain a water surface which will fluctuate be-
tween narrow limits regardless of the flow, thus giving
a reasonably constant level. The great volume of water
which it will discharge per unit of length is also a notable
feature.

Fig. 2 illustrates an installation built for the Ten-
nessee Power Co. on the Ocoee river. The spillway con-
tains 8 siphons, each 8 ft. square in section, 4 of which
operate under a head of 19.2 ft. and 4 under a head of
27.2 ft. They have a total capacity of 1,650 cu. ft. per
second. A rise of 4 inches starts the siphons.

The inventor claims for the device the following
special uses :— i
1. To regulate the water surface in
a stream above a dam at the highest per-
missible level, giving the maximum head
for power development, ‘the maximum
storage, the greatest navigable depth, and
- reduce the fluctuation of the water surface
to a minimum. .

2. To provide an outlet from a flume
or forebay, where a constant flow is main-
tained, which will operate with a slight
raise in the water surface and will discharge
the entire flow, in case of a sudden shutdown
of the power plant or a sudden obstruction
of the flow.

3- To use in place of gate-valves to dis-

. charge water from a reservoir. The crown
of the siphon may be placed entirely above the water
level, so that no leakage is possible, and the siphon may

be arranged to be operated by the manipulation of small
hand-valves.
—————

On June 15, articles of incorporation were filed with the
Secretary_ of State for the South-West Pacific Railway Com-
pany, wh_lch purpose building a railwav from Denver, Colo.,
to San Diego, Cal. The capitalization of the company is given
as $2,200,000; and_ the approximate cost of the construction
of the total 2,200 miles of road is placed at $105,000,000. The

. main line from Denver to San Diego will be 1,021 miles in

length, while branches will be constructed from Denver to
Salt Lake, and from other points to several ‘mining districts.
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A LAND SURVEY PROBLEM.

By J. A. Macdonald, Ottawa, Ont.

journals on land surveying, and there is no journal

in America devoted exclusively to this important

subject. As land surveying goes on continuously,
and as each county supports, ordinarily, at least two
land surveyors, it is plain that, in the United States and
Canada, there must necessarily be a large number of men
interested in this work. In late years, as land survey
work grows less, most land surveyors are also civil en-
gineers, or understand that part of civil engineering so
far as instrumental surveying goes, though they may not
be designers of bridges, tunnels, aqueducts, etc. There
are, however, a large number of civil engineers who know
little of practical land surveying. The following notes,
which relate to a survey of a stone quarry and mill pro-
perty contain a number of points illustrating several
methods which are more or less essential to a practical
knowledge of the subject, and should commend them-
selves as well to every surveyor of experience as they are
a model in their way. Fig. 1 is a sketch of the survey to
which they pertain, and Table I. gives the field notes

VERY little information is to be found in technical

Fig. 1.

themselves. The former, of course, should appear on
the right-hand page of the field book, and the latter on
the left-hand page.

It will be seen in this instance (Table I.) that the

trce was sighted from each corner of the survey and its
bearing recorded. These lines, when correctly plotted,
intersect at one point. If the plot had not closed, then
these bearings would have been plotted, as shown in the
dotted lines on the sketch, and they would not have inter-
sected at one point, the first line which deviated from the

common point indicating that the preceding course had’

been erroneously measured, either in bearing or distance,
or else wrongly plotted. Such bearings taken to a com-
mon point, enable us to locate an error either in the field
notes or in the plot. The mill is located by bearings
taken from corners B and C. The quarry and entrance
thereto is located by bearings taken from known points
in the lines 3 and 4.
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Latitudes and Departures and Their Computation.—
There is only one correct way of computing a compass
survey, and this is by latitudes and departures. The
latitude of a course is the length of a course into the
cosine of its bearing. If the forward bearing of a course
is northward its latitude is called its Northing, and is
reckoned positively, or plus; while if the course bears
southward its latitude is called its Southing, and is
reckoned negatively, or minus. The Departure of a
course is the length of its east and west line, or the length
of course into the sine of its bearing. If the forward line
is eastward its departure is called Easting, and is reckoned
positively ; while if its forward bearing is westward its
departure is called Westing, and is reckoned negatively.

The Meridian Distance of a point is its perpendicular
distance from the reference meridian, in the sketch from
the north and south meridian point, and the most westerly
point of the survey.

Table 1.—Field Notes of a Compass Survey.

No. Distance
of Point Bearing along REMARKS
Course Course :
Bearing tree N. 60 oo E. hateylirlie bearings |
Fence Northerly 7.20 ’given, varia-
I Yard A . 9.75 tion of needle
Yard & 11.54 24° 30 west.
Garden 3 13.90
Corner B S\F6g 15 ze 60

Bearing tree N. 10 40 W. Course -1 s

Mill N.3 45E. along centre of
2008 ibantk . 36.30 the highway.

N. bank 37:30

Corner C. N. 37 15 E. '59.30

Bearing tree S. 88 45 W.
Mill N. 80 oo W.

3 Mill road S.8 45 W. 9.90
Stone quarrie S. 79 30 W. 30.00
Corner D N. 36 30 W. 60.00

Bearing tree S. 7 \ 30 W.

E. bank 10.00
4 W. bank 11.00
Quarrie road S. 19 15 E. 30.00
Corner E S s get W 146, 50

Bearing tree S. 56 30 E.

Offset, 4.00 0.00

551 600 5.00

© 5 % 840 10.00
$i 700 . 18.00

o Laen 20.00

200 25.00

Wi e.00 30.00

Corner A S. 30 oo W.. 49.80

{
The Double Meridian Distance of a course is equal
to the sum of the meridian distances to the extremities
of the course. The double meridian distances of the two
courses adjacent to the reference meridian are equal to
their respective depattures. The double meridian distance
of any other course is equal to the double meridian dis-
tance of the preceding course plus the departure of that
course plus the departure of the course itself, eastern de-
partures being counted positively, and western departures
negatively.

In the computation of area, twice the area of the
figure is equal to the algebraic sum of the products of
the double meridian distances of the several courses into
the corresponding latitudes, north latitudes being reckon-
ed positively, and south latitudes negatively.

nr
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. Since the departure of a course is its length into the
Sine, and its latitude, its length into the cosine, of its
bearing, these may be computed at once from a table of
natural sines and cosines. As it is now customary to read
€ven the needle compass as close as 5 min., the ordinary
feverse table is of little use in modern surveying. For
land surveying, a 4-place table is sufficiently accurate.

Balancing the Survey.—If the bearings and lengths
Of. all courses have been accurately determined, the survey
will “‘close,”’ i.e., when the courses were plotted to any
Scale t‘he end of the last. course would coincide on the
?}IIOt\‘IWIth the beginning of the first one, and the sum of
ine N or.thmgs .Would exactly equal the sum of the South-
Wgsh(imlr.ms latitudes), and the sum of ‘Ehe East.ings (plus)
Surlxlze exactly equal the sum of Westings (minus). A.Il
a2 i’or.s and .draught.smen know that such exactness is
i a. tamable_ln practice, and that no plot will close ex-
¥ that neither the north and south latitudes nor the
';‘iit and west departures will exactly balance. The dis-
Calllu(;lo‘l‘] of th.ese errors of latitude and de}?ar_ture is
tha: i balancing tP}e survey.” In Table II. it is seen
e error of latitude is 60 links and the error of de-
Parture is 5o links. The distribution of these errors is
made as follows :
i3 'ghe ratio of the length of the line joining the initial

f tILal points to the whole perxmetf:r is 17, as found
i ef ﬁeld. notes.. The lf:ngth of this -llne is the hyp9-
ke € of a right-angled triangle, of which the errors in

ude and departure are the two sides. Its length is
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equal to the square root of the sum of the squares of
these two errors. This, divided by the whole perimeter,.
gives the error of closure, which ratio is expressed by a
vulgar fraction whose numerator is one, being 1/366 in
the example given. For ordinary rolling country the
error of closure should not be more than 1 in 500.

A check on the computation of the double meridian
distances is found in the fact that when computed continu-
ously in either direction and from any corner, the numeri-
cal value of the double meridian distance of the last course:
must equal its departure.

To Plot a Compass Survey.—Select a point for the
initial Station, and pass a meridian through it in pencil.
By means of a protractor, mark the bearing and draw an
indefinite line from the Station point. On this lay off to:
scale the length of the course, 5, 10 or 20 chains to an
inch, thus establishing the next corner. Through this,
by means of a parallel ruler, draw another pencil line
meridian, and proceed as before. The bearings of the
successive courses may be so combined as to give the de-
flection-angle, similar to a railway survey, at any station,
and these may be laid off from the preceding course as
already drawn. Errors are more likely to accumulate i
the plot by this method, so that the first is preferable.

Probably the best method of all, but one seldom used,.
is that by which rectangular co-ordinates of the several
corners are computed, and these plotted from a pair of
rectangular axes. :

Table II.—Form for Computing Areas from Bearings and Distances of the Sides.

Stations,

y Courses. Diff. Lat. Departure. Balanced.
Bearings. Dist. N. S. E. w. Lat. Dep. D.M.D. Area. Area,
+ — - —
g- S.69 15E. 70.60  ..... 25.00 66.00 ..... —25.20 +66.10 66.10 .... 1666
C. N37vis E. . 80:30~ " 47:2Q) ~isas 5o s MBI +47.10 +36.00 168.20 7922 ....
o Ni2o 205N, 6000 1 ADRO (ks 1hs 2t 38.20 +46.20 —38.10 166.60 7674 ...
Y S AE W, 36,8005 Sases CERE i A 39.30 —24.90 —39.20 88.80 .... 2211
: BUI50! OOy, 140 (80T s o8 AR TOR S R 24.90 —43.20 —24.80  24.80 1071
286.20 93.50 92.90 . 101.Q0 102.40 15506 4948
92.90 101.90 49.48
Error, im lat = . -.60 in dep. = .50 2/10648
Area = 5324 sq. chs. or
532.4 acres.
Error of closure = 1 in 366 =
vs50 + 60
(square root of) = 0.0027 = 1 in 366.
286200
— e

pas;: Diesel electric railway motor car accommodating 50
egi ngers and weighing over 70,000 lbs. has run, since the

MNing of the year, over 2,000 miles on the railways of

W ”
i:s‘ﬁn, usually at a rate of 20 to 35 miles per hour. The
car is engine burns about o lbs. of crude oil per mile. The

en Propelled by electric motors furnished with current from

Merator driven by the engine.

S any thousands of bricks per day are being manufactured

mande different brick companies of Fort William. Th? i
at present is fair and as the season advances will in-

cr y
Ca;zsci he Alsip Brick and Tile Company is working to
illi'a.my Band producing 70,000 bricks per day. The Fort

rick pe tick and Tile Company is turning out some 26,000
ing 3¢ r day. The Superior Brick Company is manufactur-
McKa};OCI’? brick daily; while, at the new plant of the Mount
the ¢q rodu_cts, Limited, great activity is being shown in
nstruction of new kilns, although brick making for

om
mOHE?c‘al purposes will not be under way for at least two

] The Canadian Pacific Railway will shortly have 1,005
miles of double track between Port Arthur and Calgary, leav-

ing only about 165 miles still to be double tracked between
these points.

: _Durmg 1913, 10,000 box cars, 1,227 passenger, sleeping,
dining, and other cars, and 156 locomotives of different types
were added to the rolling stock of the Grand Trunk system.
They included 41 superheated Pacific type of engines, 100
other large locomotives, 15 switching engines, 10 dining cars,
15 sleeping cars, 11 parlor cars, 67 first-class coaches, 500
flat cars, 500 stock cars, and a large number of combination
cars. In box cars a preference was shown for 80,000 pounds’
capacity. The prices paid for the passenger cars ranged from
$10,000 _for a_first-class car to $25,000 for a sleeper equipped
for service. Orders placed by this road for 1914 include 10
mail cars, 500 stock cars, 20 baggage cars, 82 first-class
coaches, 5 second-class coaches, 4 dining cars, 5 parlor cars,
5 express cars, 200 fifty-ton flat cars, and 300 forty-ton flat
cars,
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LOCK ENTRANCE CAISSON, PANAMA CANAL.

struction is the lock entrance caisson which is to

act as a floating gate or dam for closing the

entrance of the lock so that any of the chambers
may be unwatered for inspection, cleaning, or repairs.
The following description of it is from the ‘‘Canal
Record”’ :-— '

The width of the lock chamber is 110 ft. ; beyond the
line of the emergency dams, the approach is widened by
an offset of 24 in. on either side. The shoulders so
formed, with a connecting horizontal sill across the bottom
of the chamber, afford a frame into which the caisson ic
fitted to dam off the interior of the lock.- This is accom-
plished by floating the caisson against the shoulders and
letting water into its hold to sink it on the sill.

Pumps in the interior of the caisson are then em-
ployed to unwater the chamber, while the water pressure
from the outer side will force the caisson securely against
the frame, reducing leakage around the edges. Wheu
it is desired to remove the caisson, the lock chamber will
be filled with water, relieving the pressure, and the water
within the caisson.will be pumped out to allow it to be
floated away. The general principles of construction are
the same as in the caissons for Gatun and Miraflores

g VERY interesting feature of Panama Canal con-

Spillways, but the requirements and conditions of its use-

make the design of the lock caisson more complex than
that of the spillway caisson. -

The caisson is designed for interchangeable use at
all locks, and will have a draft when light of 32 ft., to
allow its convenient handling, through the locks. The
lower elevation of the sill at the Pacific end of Miraflores
Locks, 50 ft. below mean sealevel, in connection with the
tidal fluctuation which raises the surface as high as 11 ft.
above mean, requires that the extreme draft of the
caisson, when sunk, be 61 ft. Provision for a proper
freeboard makes the aggregate depth of the structure 63
ft. The achievement .of statical stability at the various
depths of immersion, without undue bulkiness or excessive
weight in the different parts, makes the design of especial
interest.

In form, the bottom of the hull will be convex, the
ends pointed, and the sides will slope inward from a maxi-
mum width of 36 ft. at about one-third the way up from
the keel, to a breadth half as great at the top. A typical
transverse cross-section of the structure resembles in out-
line the vertical section through a pear-shaped carbon-
filament electric lamp. The horizontal lengthwise sections
vary with the inward slope of the sides; in general, they
resemble those of the ordinary vessel of commerce, and
may be described as flattened ellipses, blunt at the ends
to contain the girders and breasthooks by which the
pressure will be transmitted to the vertical sills, or
shoulders, on the lock walls. The length between the
vertical ends will be 112 ft. 6 in., and the extreme length,
including the timber cushions. 113 ft. 10 in.

It is d.esired that the side walls of the locks shall
carry practically all the static load from the caisson when

it is supporting the water pressure. Accordingly; there -

will be a number of horizontal decks and end breasthooks
to carry the load to the vertical ends; and a system of
vertical framing, built intercostally and extending from
the keel to the top deck, will transmit the panel loading
to the horizontal decks and breasthooks. The essential
features of the structure will be the transverse and longi-
tudinal framing, with bulkheads; the horizontal plate
decks, girders, and stringers; the girders at the ends and
along the keel; the end breasthooks; and the plating to
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cover the skeleton in forming the hull proper. These ele-
ments will all be made from open-hearth structural steel.

The transverse framing system will consist of nine
cross frames, spaced about 12 ft. apart and extending the
whole height of the caisson, and intermediate frame§,
spaced at intervals of about two feet between the main
cross frames. All will be built intercostally between the
five horizontal decks. Two of the cross frames will be
built watertight and designated as ‘‘Collision bulkheads,’’
to form trimming tanks at each end of the vessel, for
maintaining longitudinal stability and settling the caisson
on even keel when it is to be put in use. The seven other
cross frames will have apertures in their lower sections
to make them serve as swash bulkheads for controlling
the water within the caisson by which the depth of im-
mersion will be regulated. _

A longitudinal bulkhead will extend the entire dis-
tance between collision bulkheads, from keel to operating
deck, along the centre line. Its lower part will be suf-
ficiently watertight to form two distinct lengthwise com-
partments, dividing the free surface of the water ballast
and ‘increasing the static stability of the caisson, as
against lateral motion. :

There will be 5 horizontal decks, built continuously.
from vertical end to vertical end. The two lower decks,
16 and 25 ft., respectively, above the base line, will be
entirely plated over with the exception of openings for
hatches and manholes, the hatches being made large
enough for the installation or removal of the pumps
through them. The operating deck, 37 ft. above the keel,
will be entirely plated from end to end, and made abso-
lutely watertight. This deck will support the motors for
the pumps, with switchboards, gauge registers, etc. The
plate-stringer deck, 49 ft. above the base line, will be an
open truss with diagonal bracing for the central two-thirds
of its length. The top deck, 65 ft. above the base, will
be plated over from end to end, with openings for man-
holes, skylights, deck cranes, companionways, and
scuppers.

Six plate breasthooks will be built at each stem of
the vessel, at intervals between the decks. They will
serve to transmit the end shears from the decks to the
vertical girders. One of these breasthooks, situated 31
ft. above the base line, will have its plating calked to
watertightness and serve as the bottom for the end trim-
ming tank. At the same level as the breasthooks will be
longitudinal intercostals, securely riveted to the transverse
frames and to the sheathing.

The skeleton will be entirely sheathed over with steels
plating worked in in-and-out strakes, running longi-
tudinally over the frames, making lap seams and butt
joints which are to have double splice plates. At all the
horizontal decks, and around the pipe discharge and suc-
tion openings, the sheathing will be doubled. Fenders
against external impact will be provided between the 25
and 49-ft. levels, by bent' plates securely riveted to the
sheathing, the space between being filled with poured
rosin. Towing rings will be attached along the 37 and
43-ft. levels.

End reaction castings will provide connection of the
decks and breasthooks, up to and includidg the 49-ft.
stringer deck, with the vertical girders, for transmitting
to the latter the reactions of horizontal forces. They will

be made of carbon steel and closely fitted during con-

struction.

Along the exteriors of the ends and keel will be
fastened cushions of British Guiana greenheart timber.
They will be planed to make even contact with the plated
sill and reduce leakage to a minimum. Greenheart timber
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is notably durable under water, either fresh or salt, and
has been used for the sills of the miter gates in the
Canal locks.

) Pumping System.—The pumps installed within the
Caisson are designed to regulate the water ballast, de-
teI‘m.lning the depth of immersion, and to unwater any
Portion of the locks between the upper and lower en-
trances. Of all the lock chambers, the only ones which
¢an be cleared of water without pumping are the two in
the upper flight of Gatun Locks, because they are the only
ones the floors of which are below the level of the water
at the lower end of the flight. The floor of the intermedi-
ate level at Gatun is 1 3% ft. below sealevel. The floor at
Pedro Miguel Lock is at elevation plus 9, which is 46 ft.

clow the normal level of Miraflores Lake. The upper of

the two levels at Miraflores is 181 ft. below mean sea- -

evel, which means a minimum depth of water in it of
ab_OUt 8 ft. at low tide of the Pacific. Moreover, the
aisson dams will afford the only means of working in the
'Y on the outward faces of the guard gates, and the sills
Or the <emergency dams. :
The main pumping system will consist of 4 vertical-
t centrifugal pumps, having a 20-in. discharge and a
"IN, suction. The practical test governing its design is
'at it shall be able to pump out in not over 25 hours all
ofeN‘I"{ater in the upper and lower chambers of one flight
of thlraﬁ_ores Locks, between mean sealevel and the top
levele sill of the lower chamber (El.-—s0 ft.), the tidal
tide to be at El o when the pumping is begun, and the
o "1Sing.  The total quantity to be pumped out, includ-
ftg 518,000 ft. for leakage, will be about 10,285,000 cu.
entin he average discharge under these conditions, for the
sl 'efperxod of pumping, would be about 13,000 gal. per
i .t Or each of the 4 pumping units. Two of the pumps
{54 0 be arranged for pumping out the caisson when it
0 be removed from its position against the sill.
leveIInaSmUCh as the sill for the caisson is higher than the
o dedOf the floor; suction extension pipes are to be pro-
alloy to cross the sill on the bottom of the chamber, to
will ’belts complete unwatering.
o lowered by cranes on the deck, and attached from
Pontoon, similarly handled. ;
willey N auxiliary pump, with suitable pipe connections,
e € used to regulate the end trimming tanks, flush the
PPers, and scour the sills. ‘
mea EleCtriCal Equipment.—The caisson will have no
Placgs of auto-propulsion, but will be towed from place to
theip dItS' motors will be for operating the pumps, and
Abta etails will . be determined by the pump cha.r-
'Pum Stics.  Four 2,200-volt motors will drive the main
PS, and one of 220 volts potential will operate the
tilatip r}; pump. Another 220-volt motor will drive a ven-
‘i ambg - Current will be received at 2,200 volts from
ang aerhs In the lock walls, through four flexible cables,
220_V01t ree-phase transformer is to be provided for the
SWitchbt motors, and for the lighting. equipment. A
¥on thoard Wwill be installed in the operating room, which
€ Operating deck, 37 ft. above the base line.

cranivl iscellaneous Parts.—There will be four portable
ust Sbeo_n the top deck, to handle various loads. Each
Y 2. CaPable of raising another at a radius of 14 ft.,
tensi(r,n N power. The pontoon for making the suction ex-
7 han-dlen attachments will be stowed on the top deck ar}lc}
i provide}:j cranes. ‘A deck capstan, hand-operated, wi
5
Vithstang a pull of 10,000 pounds.
v, Ventilators, 16 in. in diameter, with hoods of

avy standard type, will be placed on the top deck,

shaf
22.j

The suction extensions

at each end of the top deck. It must be able
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for ventilating the operating room. One, discharging a
short way below the 49-ft. deck, will have a multivane ex-
hauster, motor-driven. Twelve 2-in. air vents, to allow
the escape of air and gases from the interior compart-
ments, will lead to the top deck. Two skylights, 8 by 16
ft., will be set in the top deck, symmetrical with the axes
of the caisson. The covers will be made in two parts, for
portability, and a hand-operated device will be provided
for raising and lowering them. The skylights will be
watertight against a hose discharge under.50 pounds
pressure.

Fixed ballast, composed of pig iron punchings and
concrete, is to be placed in the bottom of the hull to a
normal thickness of about a foot and a half. The pig iron
will at all points be at least six inches from the sheathing.
Two 7o-ft. lengths of anchor chain will be provided for
mooring the caisson when it is not in service, and chain
lockers for them will be built of reinforced concrete at the
ends of the 37-ft. deck.

Programme of Construction.—Only one caisson is be-
ing built at present, though it is expected that two will
be provided for the operation of the canal. The first is to
be completed about September, 1914, and towed to the
Isthmus for test at the lower end of Miraflores Locks.
The test may suggest modifications; if not, the second
caisson will be constructed like the first.. The patterns
tor all the castings in the structure will become the pro-
perty of the Isthmian Canal Commission on acceptance
of the caisson, and will be delivered with it. Fabrication
and erection of the first caisson are being supervised at
the plant of the contractor by Mr. Lewis A. Mason, assist-
ant engineer, who was associated with Mr. Henry Gold-
mark, designing engineer, in working out the design,
plans, and specifications.

— -

A LARGE CENTRAL HEATING PLANT.

—

About 22,000 tons of coal is the annual consumption of
the central heating plant of the University of Wisconsin, at
Madison, Wis. Only 10% of the total fuel is chargeable to
power uses. All power exhaust, together with low-pressure
live steam, is used for heating. At present 42 buildings are
hea.ted from the central plant, including practically all of the
University buildings and the United States Forest Products
Laboratory. .= The distribution system includes » miles of
tunnel and 1 mile of conduit. The maximum pipe size is
16 in.; on this a total thickness of 3 in. of 85% magnesia
insulation is used. The heating pressure is 5 to 10 1b., and
mo difficulty in maintaining pressure at the receiving ‘end
has been experienced.

—_——————
" The world’s production of copper, during 4 years, as

given in a recent issue of the “Engineering and Mining
Journal,”” is as follows, quantities in metric tons:—

Country, 1910. IQIL. 1912. 1913.
Umted UStates Wt i 492,712 491,634 563,260 555,000
INMeEIco ik S b i 2,504 61,884 73,617 58,323
Canada i h e s e 23,810 25,570 34,213 34,880
Cubal. sl et Lo 3,538 3,753 4,303 3,381
AUSHERTASIA: S A e a0 | 40,062 42,510 - 47,772 ' 47,325
Pertii it S i o A 27,375 28,500 26,483 25,487
Chl}e_ IR R e s R E AN 38,346 33,088 30,204 - 30,434
BOlTa A T ool 3,212 2,050 4,681 3,658
Japar} ol e S R e 50,703 52,303 62,486 73,152
RUSsIAS MM =t ] 22,700 25,747 33,550 34,316
Germany 'L L 25,1c0 22,363 24,303 25,308
Africgilone w0 dviicvey 15,400 17,252 16,632 22,870
Spain and Portugal .... 51,700 52,878 50,873 54,606
Other. countries .. ,..... 24,888 26,423 20,555, 27,158

hatale o ok ol 882,351 886,855 1,020,022 1,005,978
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SUMMARY OF TESTS OF BOND BETWEEN
CONCRETE AND STEEL.

THE usefulness of reinforced concrete as a structural
material depends on the strength and permanency
of the bond between the concrete and the rein-

forcing metal, and for this reason bond resistance
has received much attention from engineers and experi-
menters. It is said that Thaddeus Hyatt made tests to
determine the bond between concrete and iron bars as
early as 1876. During the past decade numerous bond
tests have been reported. These tests have been: char-
acterized by a lack of uniformity in the form of the test
specimen and in the methods of conducting the tests,
as well as by the wide variations in the values reported
for bond resistance. In nearly all the tests thus far pub-
lished values of maximum bond resistance only have
been given. These test results and the discussions called
forth by them have furnished the basis for a great variety
of opinions as to the value of bond resistance. Many
explanations of the source and nature of bond resistance
have been given. Various methods have been advocated
for increasing bond resistance and numerous devices
have been employed for this purpose.

Present practice is fairly standardized as to the bond
stresses to be used in designing, but a rational basis for
the stresses used is lacking and there is a great diversity
of practice in the methods of calculating these stresses.
There are many phases of bond action which are not now
understood. It is evident that the distribution of bond
stress in reinforced concrete members under load and the
nature and value of bond resistance under given condi-
tions may well be the subject of experimental investi-
gation.

The tests reported in a bulletin, entitled ‘‘Tests of
Bond between Concrete and Steel,”” recently issued by
‘the Enginering Experiment Station of the University of
Illinois, were undertaken with a view to securing addi-
tional information on the nature of the bond resistance
of reinforcing bars in concrete, to determining values of
bond resistance for a wide range of conditions, and to
studying bond action in specimens of different forms.
Tests were made on pull-out specimens and on reinforced
concrete beams. In both forms of specimen attention was
given to obtaining accurate measurement of the slip of
bar through the concrete as the loading progressed. In
many of the beam tests the slip of bar at various points
along its length was measured for different loads. In
the discussion of bond resistance the load-slip-of-bar
relation has been utilized to a considerable extent. These
measurements are useful in indicating the distribution of
bond stress. They are particularly significant in the
beam tests. In a few of the beam tests the distribution
of bond stress was studied by measuring the changes in
the stress in the longitudinal reinforcement throughout
the length. The values found for bond resistance and the
relative bond resistance found in beam tests and pull-out
specimens are also interesting features of the investi-
gation. _

The pull-out tests consisted in applying load to a
short reinforcing bar embedded in a block of concrete.
The concrete block was generally 8 in diam. and 8 in.
long, with the bar embedded axially. In certain groups
of tests these dimensions were varied. The size of bar
used varied between !4 in. and 174 in. The pull-out tests
covered a wide range and included effect of dimensions
of specimen, effect of form of bar, effect of . conditions
of storage, effect of age and mix, using both plain and
deformed bars, effect of different methods of loading,
bond resistance of concrete setting under pressure, effect
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of reapplied loads, comparison with the bond resistance
of reinforced concrete beams, etc. The deformed bars
used included most of the forms in use at the time the
work was begun, but it should be noted that the tests
with deformed bars were intended to bring out the action
of the deformed bar as contrasted with the plain bar and
not to determine the value of particular forms of bars.

A special effort was made to determine the behavior
of beams subjected to high bond stresses. The beams
tested were 8 by 12 in. in section with an effective depth
of 10 in. The span length was generally 6 ft.;- a few
beams were tested with span lengths of 5 to 10 ft. All
beams were tested with two symmetrical loads, generally
at the one-third points of the span. With the exception
of six tests, the longitudinal reinforcement consisted
of a single bar of large diameter placed horizontally
throughout the length of the beam. Both plain and de-
formed bars were used. ;

The tests were made in the laboratory of Applied
Mechanics of the University of Illinois, and formed a
part of the investigations of reinforced concrete and other
structural materials which are being conducted by the
Illinois Engineering Experiment Station. These tests
cover the experiments which were designed with special
reference to a study of bond between concrete and steel
during the period of 19og-1g12. This work was done by
Duff. A. Abrams, Associate in Theoretical and Applied
Mechanics, under the direction of A. N. Talbot, Pro-
fessor in Charge of that Department. The tests covered
a wide range of conditions and the results have a signifi-
cant bearing on the nature of bond resistance, the action
of bars of different forms under bond stress, and the
behavior of beams subjected to high bond stresses. The
load-slip determinations have given definite information
on the nature and distribution of bond resistance. The
following is a resumé of the principal observations and
conclusions which have been stated and discussed in the
text. Paragraphs 2 to 34 refer primarily to the results
of the pull-out tests:—

(1) Bond between concrete and steel may be divided
into two principal elements, adhesive resistance and slid-
ing resistance. The source of adhesive resistance is not
known, but its presence is a matter of universal experi-
ence with materials of the nature of mortar and concrete.
Sliding resistance arises from inequalities of the surface
of the bar and irregularities of its section and alignment
together with the corresponding conformations in the
concrete. The adhesive resistance must be overcome be-
fore sliding resistance comes into action. In other words,
the two elements of bond resistance are not effective at
the same time at a given point. Many evidences of the
tests indicate that adhesive resistance is much the more
important element of bond resistance. ‘

(2) Pull-out tests with plain bars show that a con-
siderable bond stress is developed before a measurable
slip is produced. Slip of bar begins as soon as the ad-
hesive resistance is overcome. After the adhesive resist-
ance is'overcome, a further slip without an opportunity
of rest is accompanied by a rapidly increasing bond stress
until a maximum bond resistance is reached at a definite
amount of slip.

(3) The true relation of slip of bar to bond stress
can best be studied by considering the action of a bar
over a very short section of the embedded length. The
difficulties arising from secondary stresses made it im-
practicable to conduct tests on bars embedded very short
lengths. The desired results were obtained by varying
the forms of the specimens in such a way that the effect
of different combinations of dimensions could be studied.

(4) Pull-out tests with plain bars of the same size
embedded different lengths furnish data which suggest
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the values of bond resistance over a very short length
of embedment, or indicate values of bond resistance
which are independent of the length of embedment.
Tes.ts with bars of different size which were embedded
a distance proportional to their diameters give the true

‘relation when the effect of size of bar is eliminated. Two

series of tests of this kind on plain round bars of ordinary
mill surface gave almost identical values for bond resist-
ance after eliminating the effect of length of embedment
and size of har, and we may consider that these values
Tepresent the stresses which were developed in turn over
each unit of area of the embedded bar as it was with-
drawn by a load applied by the method used in these
tests. These tests showed that for concrete of the kind
used (a 1:2:4 mix, stored in damp sand and tested at
the age of about 60 days) the first measurable slip of bar
came at a bond stress of about 260 lbs. per sq. in., and
hatithe maximum bond resistance reached an average
Val'ue of 440 1bs. per sq. in. If we conclude that adhesive
Tesistance was overcome at the first measurable slip, it
Wil be seen that the adhesive resistance was about 60
Per cent. of the maximum bond resistance. This ratio
did not vary much for a wide range of mixes, ages, size
of bar, condition of storage, etc. ]

(5) Sliding resistance reached its maximum value
for Pliain bars of ordinary mill surface at a slip of about
9-01 in. The constancy in the amount of slip corre-
Sponding to the maximum bond resistance for a wide
range of mixes, ages, sizes of bar, conditions of storages,
» 1S a noteworthy feature of the tests. With further
the sliding resistance decreased slowly at first, then
more rapidly, until with a slip of 0.1 in. the bond resist-
ance was about one-half its maximum value.

(6) Pull-out tests with plain round bars show end
to begin at an average bond stress equal to about
Sixth the compressive strength of 6-in. cubes from
) € same concrete ; the maximum bond resistance is equal
© about one-fourth the compressive strength of 6-in.
Cubes. These values were about the same for a wide
range of mixes, ages and conditions of storage. In terms
of _the compressive strength of 8 by 16-in. concrete
SYlinders these values would be about 13 per cent. for

'St-end slip and 19 per cent. for the maximum bond
Tesistance, 5

slip

slip
One-

£ (7) _The tests indicate that bond stress is not uni-
101'm1y distributed along a bar embedded any considerable
ength and having the load applied at one end. Slip of

ar begins first at the point where the bar enters the
‘COncre

elsewhere yntil a sufficient slip- has occurred to develop

€ Maximum bond resistance at this point. Slip.of bar
C81Ins last at the free end of the bar. After slip becomes
tghe heral, there is an approximate equality of bond stress
roughout the embedded length.
high Small bars gave a bond resistance somewhat
tegt er th.an the large bars during the early stages.of the
arit' his was probably on account of greater irregu-
max}', of section and alignment of the smaller bars. The
b t’)mllm bond resistance was not materially different
ars of different diameters. :
of th(g) COrr}put-ations based on the elastic properties
tene. DAterials indicate that in the pull-out tests the
Nsile deformation in the bar had a much greater effect
sli € amount of hond stress which permittet.i a given
P of bar than had the compressive deformatian in the

c 3 .

oncrete hlock in which the bar was embedded.

Der 1) Rusted bars gave bond resistances about 15
Cent. higher than similar bars with ordinary mill

Surfa(;e.

of (11) The tests with flat bars showed wide variations
resistance and were not conclusive. Square bars

te, and.the bond stress must be greater here than
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gave values of unit-stress about 75 per cent. of those
obtained with plain round bars. :

(12) T-bars gave lower unit bond resistance than
plain round bars, but gave about double the bond resist-
ance per unit of length that was found for the plain
round bars of the same sectional area.

(13) With polished bars the bhond resistance is due
almost entirely to adhesion between the concrete and
steel.  Numerous tests ‘with polished bars embedded in
1:2:4 concrete and tested at 6o days indicated a maxi-
mum bond resistance of about 160 Ibs. per sq. in., or
about 60 per cent. of the bond resistance ‘of bars of
ordinary surface at small amounts of slip. This value
agrees closely with tests reported elsewhere, and appar-
ently represents the value of the tangential adhesion
between any clean steel and concrete of - this quality.
The sliding resistance of polished bars was very low.

(14) Tests with polished bars with wedging and
non-wedging tapers showed that adhesion was broken
for' both types of bar at about the same bond stress as
in the polished bars of uniform section.

(15) The tests with polished bars with wedging
taper showed that after the adhesion was broken a con-
siderable movement of the bar (as much as I in. with
the smallest tapers) was required before the bond resist-
ance again reached the amount which was at first carried
by the adhesive resistance. The amount of movement
necessary to restore the bond stress to the value of the
original adhesive resistance was inversely proportional
to the amount of taper. This .indicates that a definite
normal compression must be developed in the surround-
ing concrete before a longitudinal component equivalent
to the original tangential adhesion is produced.

(16) It was noted in the tests with plain bars that
sliding resistance was due to inequalities of the surface
of the bar and to irregularities of its section and align-
ment. The projections on a deformed bar give an exag-
gerated condition of inequality of surface or irregularity
of section. Adhesive resistance must be destroyed and
the usual sliding resistance largely overcome and the
concrete ahead of the projections must undergo an ap-
preciable compressive deformation before the projections
on a deformed bar become effective in taking bond stress.
The tests indicate that the projections do not materially
assist in resisting a force tending to withdraw the bar
until a slip has occurred approximating that correspond-
ing to the maximum sliding resistance of plain bars. As
slip continues a larger and larger portion of the bond
stress is taken by direct bearing of the projections on
the concrete ahead.

(17) In determining the comparative merits of de-
formed bars, the bar which longest resists beginning of
slip should be rated highest, other considerations being
equal. The bond stresses developed at an end slip of
o.001 in. furnished the principal basis of comparison for
the different types .of deformed bars. At an end slip of
o.001 in. 12 sets of deformed bars of 3/-in. and larger
sizes embedded 8 in. in 1:2:4 concrete, tested at about
2 months, developed an average bond resistance of 318
Ibs. per sq. in., 4 per cent. higher than the corresponding
value for plain bars. At this stage of the test, two sets
of deformed bars gave practically the same bond resist-
ance, five sets gave lower values, and five sets higher
values than the plain rounds. At an end slip of o.o1 in.,
corresponding to the maximum bond resistance of plain
bars, the average bond resistance of the 12 sets of de-
formed bars was 445 Ibs. per sq. in., 10 per cent. higher
than plain rounds. At this stage of the test two sets gave
about the same values; two sets gave lower values, and
eight sets gave higher values than-the plain bars. The
hooping used in these specimens had a marked effect in
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increasing the bond resistance, even at small amounts
of slip.

(18) The concrete cylinders of the pull-out speci-
mens with deformed bars were reinforced against burst-
ing or splitting, because it was desired to study the load-
slip relation through a'wide range of values. The bond
stresses corresponding to an end slip of o.1 in. are the
highest stresses reported for the deformed bars. In only
a few tests was the maximum bond resistance reached at
an end slip less than o.1 in. It should be recognized that,
in general, the bond stresses reported for deformed bars
at end slip of 0.05 and o.1 in., could not have been de-
veloped with bars embedded in unreinforced blocks.
These high values of bond resistance must not be con-
sidered as available under the usual conditions of bond
action in reéinforced concrete members. In the tests in
which the blocks were not reinforced, evidence of split-
ting of the blocks was found at end slips of 0.0z to
o.05 in.

(t9) The normal components of the bearing stresses
developed by the projections on a deformed bar may pro-
duce very destructive bursting stresses in the surrounding
concrete. The bearing stress between the projections and
the concrete in the tests with certain types of commercial
deformed bars was computed to be from 5,800 to 14,000
Ibs. per sq. in. at the highest bond stresses considered
in these tests. For bars having projections of different
heights and spacing, the bearing stresses on the projec-
tions at the highest bond stresses considered were in-
versely proportional to the bond stress which had been
developed by the bar at an end slip of o.or in., the slip
at which the projections were beginning to be effective.
These considerations show. that the ratio of the area of
the projections measured at right angles to the bar to
the superficial area of the bar in the same length is the
proper criterion for judging of the effective bond resist-
ance of a deformed bar. In some forms of bar the
bearing stresses must have been much higher than the
values given above. The large slip and the high bearing
stresses developed in the later stages of the tests show
the absurdity of seriously considering the extremely high
values that are usually reported to be the true bond
resistance of many types of deformed bars.

(20) Round bars with standard V-shaped . threads
gave much higher bond resistance at low slips than the
commercial deformed bars. The average bond resistance
at an end slip of o.001 in. was 612 Ibs. per sq. in. The
maximum bond resistance was 745 lbs. per sq. in. These
were the only deformed bar tests in which failure came
by shearing the surrounding concrete.

(21) In a deformed bar of good design the pro-
jections should present bearing faces as nearly as pos-
sible at right angles to the axis of the bar. The areas
of the projections should be such as to preserve the
proper ratio between the bearing stress against the con-
crete ahead of the projections and the shearing stress
over the surrounding envelope of concrete. Failure by
shearing of the concrete should be avoided. The tests
indicate that the areas of the projections measured at
right angles to the axis of the bar should not be less than,
say, 20 per cent. of the superficial area of the bar. A
closer spacing of the projections than is used in com-
mercial deformed bars would be of advantage. Advo-
cates of the deformed bar would do well to recognize the
fact that in a deformed bar which may be expected to
develop a high bond resistance, a certain amount of metal
must be used in the projections which probably will not
be available for taking tensile, stress.

3 (22) The 1-in. twisted square bars gave a bond re-
sistance per unit of surface at an end slin of o.001 in.,
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only 88 per cent. of that for the plain rounds. Following
an end slip of about o.01 in., these bars showed a decided
decrease in bond resistance, and a slip of 5 to 10 times
this amount was required to cause the bond resistance
to regain its first maximum value. After this, the bond
resistance gradually rose as the bar was withdrawn.
Some of the bars were withdrawn 2 or 3 in. before the
highest resistance was reached. The apparent bond
stresses at these slips were very high; but, of course,
such stresses and slips could not be developed in a struc-
ture and could not have been' developed in the tests had
the blocks not been reinforced against bursting. Such
values are entirely meaningless under any rational inter-
pretation of the tests.

(23) The load-slip curves for twisted square bars
are similar to those for polished bars with wedging taper.
The twisted bar is essentially a combination of the wedg-
ing and non-wedging taper. As the bar is drawn through
the concrete the wedging tapers are drawn more firmly
against the concrete ahead, while at the same time the
non-wedging tapers are separated from the concrete with
which they were originally in contact. The drop in the
load-slip curves after an end slip of about o.01 in. shows
that the separation of about one-half of the surface of
the bar from its original contact and the continued sliding
of the flatter portions of the bar, until a large slip has
occurred, have a greater influence in reducing the aver-
age bond resistance than the increased bearing of the
wedging tapers has in raising the bond resistance. The
results found with the twisted square bar do not jus-
tify its present widespread popularity as a reinforcing
material.

(24) The tests with plain round bars anchored by .
means of nuts and washers and with washers only showed
that the entire bar must slip an appreciable amount before
these forms of anchorage come into action. Anchorages
of the dimensions used in these tests did not become
effective until the bar had slipped an amount corre-
sponding to the maximum bond resistance of plain bars.
With further movement the apparent bond resistance was
high, but was accompanied by excessive bearing stresses
on the concrete. /

(25) The load-slip relation for bars anchored by
means of hooks and bends was not determined. The hig¢h
resistance given in these tests was probably a result of
the bearing stresses developed in the concrete ahead of
the bends.

(26) Tests on specimens stored under different con-
ditions indicate that concrete stored in damp sand may
be expected to give about the same bond resistance and
compressive resistance as that stored in water. Wa' - &
stored specimens gave values of maximum bond resist-
ance higher in each instance than the air-stored speci-
mens; the increase for water storage ranged from 10 fo
45 per cent. The difference seemed to increase with age.

- The presence of water not only did not injure the hond

for ages up to three years, but it was an important factor
in producing conditions which resulted in high bond re-
sistances. However, it was found that specimens tested
with the concrete in a saturated condition gave lower
values for bond than those which had been allowed to dry
out before testing. The bars in specimens which had
been immersed in water as long as three and one-half
years showed no signs of rust or other deterioration.

(27) Specimens made out-doors in freezing weather,
whe:re they probably froze and thawed several times
during the period of setting and hardening, were almost
devoid of bond strength.

(To be continued.)
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Toronto, Ont.—The Toronto Hydro-Electric Commission
Sustained a deficit of $1,600 for the past month.

Calgary, Alta.—A report has been presented by the city
Commissioners to the Calgary city council showing the sur-
Plus for 1913 for the Calgary Electric Railway to be $177,000.

Wi"ﬂipeg, Man.—Another report, submitted recently by

G. Glassco, superintendent of the Winnipeg light and
Power department, indicates a surplus amounting to $81,-
897.45 for the vear ending April 30, 1914.

Winnipeg, Man.—In th. und riakings which Winnipeg
has planneq for 1014, there will be involved an expenditure
of $10,000,000. In addition to this, the Greater Winnipeg
Water District board will spend $2,000,000.

Montreal, 'Que.—It is reported from headquarters at

ontreal that the G.T.R. Railway Company is now carrying
pa_ssengers over an all-rail route from Fort William, Ont., to
Prince George, B.C., a distance of 1,729 miles. :
Port Arthur, Ont.—A recent statement made by the pub-
utilities commissioner of Port Arthur shows that in Port
A.Tthur there are now 2,224 street li;g'hts. Addition to the
CItV’s street lighting system is being made continuously.

London, oOnt.—A report from London announces that
another gas gusher has been struck close to the great Fair-
Panks gusher recently struck; and that the mew well is flow-
Mg at a rate of 500,000 feet per day. The drill had only
"eached the depth of 1,800 feet.

Maple Creek, Sask.—The Coste-McAuley syndicate has
filed for the gas and oil rights on 80,000 acres of land situ-
ated from 6o tq 65 miles north of Maple Creek. 1t is in this
‘area that the company will bore for the gas, with which it

OPes to supply the cities of Saskatchewan.

Ottawa, Ont.—A report from Ottawa advises that con-
Struction work on the National Transcontinental Railway has
reached a stage of practical completion. All that remains to

€ done is some additional ballasting and filling and the
cTecting of a few stations, which are to be completed by
October ;. :

: Saskatoon, Sask.—A new system of electric lights is
“INg tested at Saskatoon. High power nitrogen filled
4Mps are heing suspended from the tops of trolley poles;
and, shoulq these prove more efficient and more ‘economical,
LS intended to place the lamps on most of the main
t‘°r°ughfares of the city,

Regina, Sask.—The city cotncil of Regina has approved
ce:*]tleg'ramme of this year’s civic construction work re-

¥ recommended by the city commissioners, and has
friSSed the. by-laws necessary to legalize the flotation of
is asury }nlls to the extent of $1,250,000, of which $500,000

t0 be issued immediately.
Hamllton, Ont.—Hydro-Electric street lighting was in-
cityurated at Hamilton on July 1. It is estimated by the
i Wworks department that lighting under hydro man'dgt:m.eut
€ost $98,000 per year, or $49,000 per half-year during
€ time that the lights wou'd be mostlv in service. The
ei;’g;tsment has expropriated $58,000 for the half-yearly

the :f"’t WI_IIIam, ont.—Construction work has _start‘ed on
Tom 18 turning basin in the Fort Willia.m harbor, 3 rr’nles up
20 the mouth of the Kaministiquia RIYCI‘. Two clam shell
ang ¥es are at present engaged in taking out loose earth;

N about two weeks’ time the large dipper dredges of the

reat Lakes Dredging Co., will also be employed. The con-

lic

aug
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struction of the turning basin is a large undertaking.. Over
35 acres of solid earth will have to be removed before the
basin is finished; and it will take some 2 years to complete
the work,

Calgary, Alta.—An announcement was made last week
by City Engineer Craig of Calgary, to the effect that actual
construction work on the new bridges proposed at Calgary
will commence within a month or 6 weeks. About 6 weeks
ago, the by-laws providing for the bridges were passed; and
since that date, the engineer’s department has been employed
on the mecessary surveys. Construction will begin at the
Louise Street bridge, since more time will be meeded to com-
plete the surveys for the Centre Street structure.

St. John, N.B.—Recently a shipment of steel for the
new bridge being constructed by the Dominion Bridge Com-
pany over the reversible falls, is reported as having arrived
in St. John; and the preliminary work of placing the first
piece in position is proceeding under the supervision of En-
gineer Springer. The large granite blocks upon which the
new pier will be erected have been placed on the bed of con-
crete; and this part of the contract will be completed very
shortly. The steel work will then be advanced rapidly.

Victoria, B.C.—A recent announcement from Victoria
states that satisfactory progress is being made with the cou-
struction of the concrete tank which will be a part of the
northwest sewer system, and into which sewerage will be
drained from the area lying north of the Burnside Road and
thence pumped into the system which will carry the sewerage
across the Victoria Arm and across to the outlet at Macau-
lay Point. The tank is being made especially strong to sup-
port the roadway beneath which it is being constructed.

Ottawa, Ont.—The construction of both the bridge across
the Rideau Canal to Ottawa East from Pretoria Avenue and
the bridge across the Rideau River at Billings’ Bridge, is
being delayed. In the former instance, the officials of the
Ottawa Electric Railway will not consent to run cars over a
low level lift bridge, the plans for which are now being pre-

" pared by the city engineer at a cost of $120,000; while, in

the latter, the county has refused to hear half the cost of
construction, and an agreement has yet to be reached as to
the division of cost between the city and county.

Vancouver, B.C.—Officials of the engineering depart-
ment of the Canadian Northern Pacific Railway have an-
nounced that track-laying will be resumed on that road from
Kamloops to a point 28 miles west where the right-of-way
crosses the Thompson River. The track construction will be
delayed at the Thompson River until a bridge has been com-
pleted across it, when another section of the road will prob-
ably be built and the uncompleted portion of the work be-
tween Cisco and Kamloops somewhat diminished. The steel
for the bridge across the Thompson has already been fabri-
cated, and as soon as the rails reach the river, work will be
commenced and rushed ahead on the erection of this struc-
ture.

Medicine Hat, Alt>.—In the course of a few weeks Medi-
cine Hat will have a most up-to-date and mod>rn telephone
system, differentiating from ths present one in that it will
be large enough to accommodate several times its capacity.
For some time contractors have been at work on the installa-
tion, a new building, for this purpose only, bsing part of
the plans. Contractors are engaged in the construction of
the building and also on 125,000 feet of underground con-
duits; and it is expected that Septembar will see the city
served with the latest automatic telephone system. Some
2,000 of the mew phones have already arrived for installa-
tion, there being room for, 10,000 if required in the near
future. Every part of the city will have adequate connection ;
and no poles will be used except in the lanes.
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Winnipeg, Man.—An expenditure for the month of July
amounting to $168,470, has been passed by the administra-
tion board of the Greater Winnipeg Water District. Items
of expenditure have been placed as follows: salaries and
wages, $13,co0; supplies and equipment, $3,000; railway
ties contract, $32,300; steel rails, $59,000; steel splice bars,
$3,310; railway construction, $54,000; residences for divi-
sional engineers, $2,150; switches, frogs, and track acces-
sories, $1,710. It is estimated that an expenditure of $500,-
o0 will be passed for the month of August, though the total
outlay is placed at $3522,580.29 Plans for the aqueduct line
beyond range 7 will be completed and work on them is now
being advanced rapidly. This will conclude the determina-
tion of the exact line to be followed east as far as the White-
mouth River, which will be over half the way to Indian Bay
at Shoal Lake. The route will not go in a straight line but
will have numerous angles and curves as has the sanction-
ed plan from the Transcona reservoir site to the end of range
7, 24 miles east of the city.

ecw»oe——
PERSONAL.

CAMPBELL M. HUNTER. A:M.Inst.C.E., F.R.G.S.,
of the firm of Thompson and Hunter, geologists specializing
in petroleum investigations, is investigating oil possibilities
in the Province of Alberta. )

LUCIUS E. ALLEN, A. B, C.E,, consulting engineer.of
Belleville, Ont., sails for Europe on July 11th, for the pur-
pose of making an investigation and study of Continental
methods and materials used in good roads and pavements.

H. T. CROSBIE, town engineer of Yorkton, Sask., read a
paper at the recent municipal convention in Moose Jaw, en-
titled “Engineering Advice to Villages About to Emter the
Town Estate.”” Mr. Crosbie dealt with the subjects of water
supply, sewerage system, electric light, sidewalks and boule-
vards and town planning. .

A. N. JOHNSON, M.Am.Soc.C.E., has resigned as State
Highway Engineer of Illinois to accept a position with the
Bureau of Municipal Research, New York City. Mr. John-
son graduated in civil engineering at the Lawrence Scientific
School, Harvard University, in 1894. He was an instructor
at Harvard in 1895 and 1896, and then for two years was
Assistant Engineer of the Massachusetts Highway Commis-
sion. From 1808 to 1905, Mr. Johnson was State High-
way Engineer of Maryland. For a year he was Chiet En-
gineer of the United States Office of Public Roads, Wash-
ington, D.C., and since 1906 has been State Highway En-

gineer of Illinois.
—_— eweo———

OBITUARY.

The death occurred in Toronto recently of Chas. K.
Rundle, for many years prominently engaged in contracting

work.
—_—-——————

CANADIAN SOCIETY OF CIVIL ENGINEERS.

The following engineers were elected to -mempership 1n
the Canadian Society of Civil Engineers at a meeting of the
Council in June:—

Duncan McMillan, district engineer’s office, Canadian
Northern Railway, Victoria, B.C.; Robt. H. Parsons, superin-
tendent of municipal electric light, power and pumping plant,
Edmonton, Alta. ; A. K. Robertson, chief enzineer, McAlpine,
Robertson Co., Vancouver, B.C.; C. B. Thorne, chief en-
gineer, Riordon Pulp and Paper Co., and manager Hawkes-
bury branch.
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At the same election the following were transferred from
the class of associate member to that of member:—

Geo. E. Bell, western manager, Dominion Bridge Co.,
Limited, Winnipeg; Wm. M. Edwards, consulting engineer
and professor of municipal engineering, University of Alber-
ta; E. A. James, consulting engineer, Toronto. ;

At a previous meeting, April, the mewly-elected mem-
bers were G. C. Clarke, chief engineer, Fraser, Bruce and
Co., New York City; Ernest Davis, hydrographer, Water
Rights, Department of Lands, British Columbia Government,
Victoria, B.C.; Geo. R. Heckle, managing director, Walker
and Co., Ambursen Hydraulic Construction Co. and Rein-
forced Concrete Pile Co., Montreal; H. E. M. Kensit, city
commissioner, Prince Albert, Sask.

The transfers from class of associate member to that of
members consisted of C. B. Brown, prin. asst. engineer,
eastern lines, Canadian Pacific Railway, Montreal; R. J.
Gibb, sewer and waterworks engineer, Edmonton, Alta. ; J.
H. Holliday, district engineer, Transcontinental Railway, .
L’Islet, P.Q.; W. Hollingworth, deputy city engineer, Ham-
ilton; Chas. M. Morssen, president and consulting engineer,
Atlas Construction Co., Montreal; F. H. Peters, commis-
sioner of Irrigation and chief engineer, Department of the
Interior, Irrigation Office, Calgary; C. W. P. Ramsay, en-
gineer of construction, Canadian Pacific Railway, Montreal ;
H. P. Rust, prin, asst. engineer, Viele, Blackwell and Buck,
consulting engineers, New York City.

At a March meeting Messrs. E. A. Cleveland, of Cleve-
land and Cameron, Vancouver, B.C., and Fred C. Kunz, con-
sulting engineer, Philadelphia, Pa., were elected members.

—_— e T»e——

COMING MEETINGS.

UNION OF CANADIAN MUNICIPALITIES.—Annual
Convention to be held in Sherbrooke, Que., August 3rd, 4th
and sth, 1914. Hon. Secretary, W. D. Lighthall, Westmount,
Que. Assistant-Secretary, G. S. Wilson, 402 Coristine Build-
ing, Montreal. y

WESTERN CANADA IRRIGATION ASSOCIATION.——
Eighth Annual Meeting to be held.at Penticton, B.C.., on
August 17, 18 and 19. Secretary, Norman S. Rankin, PLO).
Box 1317, Calgary, Alta.

AMERICAN PEAT SOCIETY.—Eight Annual Meeting
will be held in Duluth, Minn., on August 2oth, 21st and 22nd,
1014. Secretary-Treasurer, Julius Bordollo, 17 Battery Place,
New York, N.Y. .

CANADIAN FORESTRY ASSOCIATION.—Annual Con-
vention to be held in Halifax, N.S., September 1st to 4th,
1914. Secretary, James Lawler, Journal Building, Ottawa. «

ROYAL ARCHITECTURAL INSTITUTE OF CAN-
ADA.—Seventh Annual Meeting to be held at Quebec, Sep-
tember 21st and 22nd, 1914. Hon. Secretary, Alcide Chausse,
s Beaver Hall Square, Montreal. ;

CONVENTION OF THE AMERICAN SOCIETY OF
MUNICIPAL IMPROVEMENTS.—To be held in Boston,
Mass., on October 6th, 7th, 8th and oth, 1914.- C. C. Brown.
Indianapolis, Ind., Secretary.

AMERICAN HIGHWAYS ASSOCIATION.—Fourth Am-
erican Road Congress to be held in Atlanta, Ga., November
oth to 13th, 1914. I. S. Pennybacker, Executive Secretary,
and Chas. P. Light, Business Manager, Colorado Building,
Washington, D.C. :

AMERICAN ROAD BUILDERS’ ASSOCIATION.—
11ith Annual Convention; sth American Good Roads Con-
gress, and 6th Annual Exhibition of Machinery and Materials.
International Amphitheatre, Chicago, Ill., December 14th to
18th, 1914. Secretary, E. L. Powers, 150 Nassau St., New
York, N.Y. ‘




