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Session 1887.—Part II.

TRANSACTIONS.
Saturday, 24th June.

T. C. Keefer, C. M. 0., in the Chair.

In accordance with Clause 4 of the Act of Parliament, 51 Viet., 
Cap. 124, incorporating the Canadian Society of Civil Engineers, the 
incorporators were summoned to meet in the Harbour Commissions..a 
Building, Montreal, on Saturday, the 25th June, 1887, when the follow­
ing resolutions were unanimously passed :—

11 Resolved that Mr. T. C. Keefer be the President of the Corporate 
Society.”

“ Resolved that Messrs. W. Shanly, C. 8. Gzowski and John 
Kennedy, be Vice-Presidents of the Corporate Society."

“ Resolved that Messrs. H. T. Bovey, F. N. Gisborne, E. P. 
Hannaford, W. T. Jennings, S. Keefer, L. Lesage, H. D. Lumsden, 
A. Macdougall, H. F. Per ley, H. Peters, P. A. Peterson, H. S. Poole, 
H. N. Ruttan, P. W. St. George, C. Schreiber and H. Wallis, consti­
tute the Council of the Corporate Society.

“ Resolved that Professor Bovey be the Secretary-Treasurer of the 
Corporate Society.”

“ Resolved that the By-Laws as submitted and modified be adopted 
as the By-Laws of the Corporate Society and distributed to all its 
members.

“ Resolved that a copy of the By-Laws and Charter be bound in the 
Minute Book."
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Thursday, 6th October, 1887.

P. A. PETERSON, Member of Council, in the Chair.

The following candidates having been balloted for were declared duly 
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Richard Philip Fleming.
Arthur Edmund Breton Hill, B..

Balfour Nepean Molewsorth. 
Daniel McMillan.
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William Allen Ramsey. 
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Joseph Edward Rainboth.
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Vaughan Maurice Roberts.

Paper No, 6,
CONSTRUCTION OF A GUARD LOCK AT THE HEAD OF 

RAPIDE PLAT CANAL.
By L. N. Rheaume, M.Can.Soo.C.E.

The Rapide Plat Canal is a division of what are known as the Wil­
liam-burg Canals, and extends from the town of Morrisburg, Ontario, 
to a point up the River St. Lawrence called Flagg’s Bay, It is 
altogether about three and a half miles long and has a lift lock, known 
as lock No. 23, situated at Morrisburg, a channel way and a guard 
lock at its head, known as lock No. 24; the whole extent affording 
passage to vessels drawing nine feet of water.
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It is proposed to deepen and enlarge this canal so that it may 

correspond with the new scale of navigation throughout the St. Law. 
fence route, which is fixed at an available depth of fourteen feet of 
water.

The works in progress are confined to the head of the canal, out­
lines of which are shewn on plans accompanying this paper.

They consist in the enlargement of a channelway of the canal, the 
construction of a new lock on the landward side of the existing one, 
the formation of a supply-weir, and the building of a guide-pier at 
the upper entrance of the canal. The full extent of the section, now 
under conti act, is 2950 feet in length, and the total cost is estimated 
at about a quarter of million of dollars.

The location of this structure is immediately north of the old lock, 
the length of its walls is 363 feet, the distance between gate quoins is 
270 feet, the width between side walls is 45 feet, and their thicknesses at 
the base are, in the chamber 8 feet 9 inches, in the recesses 10 feet, 
recess buttresses 13 feet 9 inches ; the counterforts are 3 feet in 
width by 6 feet in length. The height of walls is 23 feet, and the 
level of the mitre sills is 8 feet below that of the old lock.

In the excavation of a lock-pit some unforseen difficulties were met 
with, causing delay and necessitating operations of varying character.

For a depth of 7 feet, the material was ordinary earth, capable 
of being removed by ploughs and scrapers. Below this the material 
consisted of clay, gravel and boulders firmly cemented together, with 
occasional small pockets of quicksand. When exposed to the wash of 
water it would be loosened, so that portions of it could be pumped 
out ; but immediately after it became dry, it would assume the form 
of a stiff clay which, when exposed to the sun, would become as hard 
as ever. Experiments were made by blasting it with dynamite, and 
proved unsuccessful except when it was froien hard in winter.

The required depth of 25 feet having nearly been attained, pumps 
were erected to keep the lock-pit dry.

When the full width towards the south side was reached, fissures and 
leaks were discovered, proceeding from the foundation and chain wells 
of the old lock. The leaks proved of sufficient magnitude to endanger 
the north wall of the old lock, and a change in the method of working 
had to be made. It was found necessary to move the new lock pit 10 
feet further from the old one, and a dam was erected between them 
throughout the whole length, to protect the south bank of the pit.

In order to form the dam, a row of piles 26 feet long, 12 inches in 
diameter and 4 feet apart, with cast iron shoes weighing 27 pounds,
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was driven along the foot of the south slope. The pile driving occupied 
over a month. An average number of about six piles per day were 
driven, and the number of blows given to each pile averaged from 
80 to 105. With a fall of 15 to 20 feet and an 1800 lbs. hammer, the 
first blow drove the pile from 6 inches to 1 foot, and the last blow 
£ an inch. The piles Were driven to a depth of about 12 6, t, the remain­
ing 14 feet standing above the surface. They were braced together 
throughout their whole extent by round timber waling pieces, firmly 
bolted at the crossing of each pile. To enable the row of piles to 
withstand the pressure of the earthwork, the heads were secured by 
iron straps and rods, in the following manner :—

Flat iron straps 16 feet long, 4 inches wide and J inch thick were 
secured to the wall with 12 inch fox-wedge bolts, inserted 18 inches 
below the top of the coping. Three connecting rods of $-in iron were 
hooked through holes in each strap, and the other ends of the rods passed 
through the head of a 'pile, securing it by mer.ns of an iron nut and 
washer. On the inner face of the pile three rows of 4 inch plank 
waling pieces were spiked and afford. 1 a bearing to a double row of 
2 inch sheet piles driven so as to hr. joint. Inside the sheet piling, 
puddle was rammed down to an av _e depth of from 4 to 6 feet.

The dam being complete, the unwatering of the lock-pit was resumed, 
and the entire excavation of the pit was concluded without further 
delay.

The lock foundation was built as follows :—
1st. Six pile trenches from 3 to 4 feet wide and 4J feet deep were 

excavated across the lock-pit ; one at each end of the pit, one at each 
end of the two mitre sill platforms, all being 73 feet long, except that 
at the upper end of the pit which was 70 feet long. In each of the 
trenches, an anchor timber of pine 12 inches square was placed, embedded 
in cement grouting 3 inches thick, so as to afford a proper bearing for 
the sheet piles. In each of the trenches at the ends of the mitre sill 
platforms, 14 feet apart, three anchor screw bolts 5 feet long and 1J inches 
diameter, were secured to the timbers by means of heavy washers and 
nuts. Pine sheet piles, 4 inches thick and 6 feet long, were driven so as 
to bear against the timbers, the toe of each pile being bevelled off 
6 inches, and embedded in cement mortar.

The trenches were filled to the top and closely packed with concrete. 
A space of 2 inches between the inner face of the piles and the trench 
was filled with cement grouting, thus making the whole perfectly water­
tight.

2nd. Over the whole extent of ‘.he lock-pit, a stratum of concrete 9
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inches thick, and averaging from 65 to 73 feet wide, was carefully 
rammed down to a uniform level.

3rd. The two mitre sill platforms, each 14 ft. by 72 ft., made up of 
pine timbers 12 inches square, tightly closed together and having planed 
water-tight joints, were then laid. Each of the platforms was secured 
by five wrought iron screw bolts 1$ in. diameter, passing through 
horizontally. Both ends of the three middle bolts had double nuts and 
washers, and formed connection with heavy iron shackles 12 inches 
long and 1J in square, which were secured to the anchor screwbelts 
running through the timbers at the bottom of the trenches.

The platform was raised sufficiently to admit of the spreading of a 
thin coating of mortar over its berth. It was then lowered into place by 
means of hydraulic jacks, and was well beaten down to its proper bed 
and bearing on sub-sills 4 inches thick, embedded in mortar.

The joints throughout were caulked with two threads of oakum, and 
the sheet piles on each side of the platforms were secured with 7 inch 
iron spikes.

4th. The remaining part of the foundation consisted of 12-inch 
square pine timbers, of sufficient length to reach across the space 
occupied by the walls, laid 6 ins. apart on two rows of 4 inch sub-sills 
under the seat of the walls. The sub-sills were embedded in 1£ inch 
cement mortar. The spaces between the timbers were carefully packed 
with concrete, and were levelled off with a layer of cement mortar 
1 inch thick. The top of each timber was dubbed to a uniform 
surface, so as to ensure a true bearing for the planking. At each 
end of the foundation the sheet piles were secured to the adjoining 
timbers with 7-inch spikes.

5th. The mitre sills were of white oak timber, framed, morticed, 
tenoned and planed. The main sills were 49 feet long, and 19 by 16 
inches in section, the mitre sills, main braces and side braces were 
19 inches square, and of such length as to correspond to an angle of 27° 
30' from the half width of the lock. A check 3 inches deep wns cut 
in the lower edges of the mitre sills lo receive the ends of the first 
course of planking. Before putting the sills together, a check 3 inches 
deep by 19 inches wide was cut into the platform to receive the sills, 
and a strip of canvas saturated in boiling tar was placed in the check 
so formed. Into this the mitre sill was tightly embedded. All mortices, 
tenons and joints of the sills were coated with white lead. Each sill 
and brace was connected and fastened with straps of iron inches by 
| in., let in flush and fastened with rag bolts 28 inches long and 1^ 
in. diameter.
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6th. The flooring, consisting of two courses of pine plank, was then 
laid. The first course, 3 ins. thick, extended over the whole area of 
the foundation ; and the second course, 2 ins. thick, was laid between 
the side walls in the chamber and at both ends of the lock. The joints 
were planed and wedged up so as to be water-tight, every 3 feet in 
width of planking, in both courses, breaking joint, and the upper course 
breaking joint both lengthwise and transversely with the one under­
neath. The lower course was fastened with white oak treenails, 9 ins. by 
1J ins. in diameter, two in each plank end, and one on alternate sides at 
every crossing of a timber; it was dubbed to an uniform surface before 
the top course was laid. The latter was fastened with 7 ins. spikes, 
one at each plank end and one at each crossing of a timber, on alternate 
sides of the plank.

The masonry of the lock walls was built of dressed limestone laid 
in hydraulic cement. The principal cut face stones and gate quoins 
were of the best gray limestone, obtained at the St. Vincent de Paul 
quarry, below Montreal. The remaning stones were obtained at Oak- 
Point, near Belleville, O. The gate or hollow quoins were 5 ft. long 
and 6 ft. deep. The nose of the quoins was rounded to a radius, 
starting at 13j-f ins., and gradually decreasing upwards to a radius of 
6 ins., and the hollow was dressed to a radius of 8-ins.

The recess quoins 6 ft. long and 6 ft. deep were cut to an angle 
forming a recess of 3 ft. 9 ins. in depth at the base, and decreasing up­
wards according to the batter of the chamber wall which was 1 in 24.

The chain-well sills, averaging 7 ft. in length, were cut on an inclina­
tion, suitable to the angle required to admit of the play of the chains for 
the lock-gates.

In building the lock-walls, the four hollow or gate quoins were first 
laid, and in each a check 2 feet long, 19 ins. by 19 ins. was cut to 
receive the ends of the mitre sills. The reoéss quoins, chain-well sills 
and stop log grooves were then laid. At each end of the lock chamber 
walls, two stop log grooves, 3 ft. apart, 1 ft. wide, 15^ ins. deep at the 
base, were out into the face and carried up plumb, miking them at the 
top 4 ins. deep. All the principal face stones having been placed in 
position, the backing was laid, an equal proportion being built on either 
side each day. In rear of the walls, at 15 ft. centres, counterforts 6 ft. 
long and 3 ft. wide were built throughout the chamber up to a height 
of 18 ft. The recess abutments were 60 ft. long, and 6 ft. from 
each end a chainwell 2 ft. squaro of cut face stone, was formed to 
connect with each inclined tunnel below. The position of the chamber, 
recess walls and counterforts being fixed, wing walls on the north
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side and at upper end of the south side 18 ft. long and cut to radius of 
45 feet, were then located in their place. The lower end of the south wall 
forming almost a semi-circle of a radius of 17 ft. 11$ ins. at the base, 
was completed at a later date on an extended foundation similar to 
that of the lock chamber.

The lock-walls comprised 13 courses, varying from 29 ins. to 15 ins., 
diminishing upwards. Each course was successively built, and from a 
height of 18 ft., a frost batter at the rear was formed up to the top of the 
coping, except around the chainwells, which were carried up plumb to 
the coping. All quoins were laid alternately headers and stretchers, head­
ers being checked so as to bond one foot over the face stones of the recess. 
Throughout the walls, no face stone less than 3 feet was allowed, each 
stone in every course bonding more than 1 foot over the subjacent stone, 
and headers being placed 11 feet apart from centre to centre. All 
vertical and horixontal joints were ■,*,-in. thick. The copings of the 
chainwells were cut semi-circular to a 6 ft. radius, and the man holes 
circular, 2 ft. in diameter. The remaining portion of the coping was 4 
ft. wide on top, its inner arris, next the lock, being rounded off to a 
radius of 3 inches.

A dowel 4 inches long and 1$ in. diameter was inserted in every 
joint, between the coping stones, 15 inches back from the inner face 
and 7 ins. below the top line. A hole was drilled through the middle 
of each cope stone, 9 ins. into the course underneath, and 20 inches 
back from the face, into which a bolt of lk ins. diameter, 18 ins. long, 
was driven when hot, and the space over and around it filled with 
melted sulphur mixed with sand.

The mortar used throughout the masonry was made of the best 
Canadian cement mixed with clean sharp Baud, in the proportion of two 
of sand and one of cement, except in the coping joints where the mixtu. e 
was one of sand and one of cement

At each end of the north wing wall, a rook face wall of random 
coursed masonry was built in the shape of a reverse curve. The portion 
connecting the look was a continuation of the curve of the wing wall 
for a length of 13 ft. 9 ins., and from thence a reverse curve was carried 
on for a length of 86 ft. 6 ins.

The thickness of the retaining wall at the base was 8 ft. 9 ins., with 
a face batter starting at £ in. and ending at 1$ in. to the foot. The 
back of it was built plumb up to a height of 18 ft. and from thence a 
frost batter was formed up to the height of 23 ft. The top of the 
coping was 3 feet wide.

At the end of this wall, a cross wall with steps 16 ins. high, was



12 Bheaume on Guard Lock,

built on an inclination corresponding to the adjoining slope of the bank 
of the channel way. The thickness of the wall was 8 ft. 9 ins. at the 
base, with a face batter of 1$ ins. to the foot, and in rear a frost batter 
was also carried up to the top of the step coping. The foundations of 
both retainin and cross walls were built in a manner similar to that 
of the lock, with the exception that the timbers were placed 1 foot apart. 
From the end of the South-East semi-circular wall, a rock face wall 
of random coursed masonry was also built to make connection with that 
of the old lock. Its foundation was similar to that of the retaining walls. 
It was built in two portions, the former, 16 ft. long, stepping up 6 feet 
above the lock foundation, and the latter portion, 49 feet long, stepping 
up 2 ft., being on the same level as the old lock walls. For the erection 
of the latter, a pile dam had previously been built.

At the upper end of the South-West wing of the new lock, a square face 
return wall was carried up plumb to the same height as the lock walls. 
Its thickness at the base is 9 ft., and it bas a frost batter similar to 
that of the adjoining walls. Its length is 32 feet. To ensure the 
erection of this wall, a pile dam had also been built. From the end of 
the upper return wall will commence the abutment of the proposed 
supply-weir.

The construction of the supply-weir, as well as that of the lock-gates 
and cross-dams, will form a subject which it is proposed to describe at 
some future date.

From the drawings accompanying this paper Plates V and VI have 
been prepared.
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DISCUSSION.

Mr. E. A. Evans would have been glad if Mr. Kheaumehad mentioned Mr Evln*- 
from what place the “ best Canadian Cement” had been obtained, and 
had furnished detailed particulars of its quality and of the results of 
his tests, as well as his opinion thereof during the progress and after the 
completion of the work. For his own part, Mr. Evans does not know 
of any Canadian cement upon which he would like to depend for any 
Works under water.

Mr. Rheaume has given us a good description of the usual form of Mr. Henihsw. 
Guard Lock (builton an alluvial formation) adopted by the Department 
of Railways and Canals. It differs but little from a lift lock,except in the 
absence of a breast wall.

It would add, however, to the interest, especially of those among us 
who are familiar with such work, if he would give some account of the 
difficulties, if any were actually encountered, especially in the foundation.

These, of course, would arise principally from pressure from the out­
side through the leakages hespeaksof, and possibly from natural springs.
We would like to know the maximum lift to which the lock is liable 
from the rise in the river, and also the causes and frequency or other­
wise of its recurrence. These would give some idea of the pressure 
exerted when the water in the lock is at its inner level.

We would like to learn also whether the two pumps mentioned were 
Used to remove leakage alone, or if there were also springs, and what 
the capacity and performance of these pumps were.

The plan at present adopted by the Government in the construction 
of locks is a great improvement on that of the Royal Engineers who 
built our first locks.

These being built by mathematicians rather than practical hydraulic 
engineers had their walls connected by inverts apparently with the 
object of resisting outside pressure.

The chambers of the old locks had walls built with parabolic faces 
connecting with the elliptical inverts which formed the bottom.

This has been found unnecessary, as the weight of the walls is 
ample to guard against pressure ; which, indeed, is found to be very 
small, as a well made bank will stand alone for some time after the 
wall is removed

The idea that the invert would resist pressure, in case leakage from 
without should find its way beneath the foundation, is also fallacious; 
since in suo'i an event there would be serious danger of undermining, 
and the sooner it was discovered and remedied the better.
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That a subtle but enormous pressure is often exercised by even 
apparently insignificant springs upon a tight bottom is very certain.

In 1882, a bottom similar to the one described in the “paper” was 
laid for the new lock at Ste. Anne de Bellevue. The chamber 
was 200 ft. long by 45 ft. wide. The look pit was excavated 
in rock of Potsdam formation, the strata of which were much 
shaken and fractured. There was a dyke or fissure two feet wide 
running diagonally across the chamber filled with the usual detritus, 
out of which, at one point, issued a small spring with a slight mineral 
taste. Water in small quantities issued from crevices all over the 
foundation, which appeared to come from leakage beneath the puddle 
wall that separated it from the old lock ; the latter being exceedingly 
leaky. The total quantity, however, was not so great but that the 
whole was easily removed by a six inch centrifugal pump, lifting about 
IB feet and working about 6 hours a day. The spring was led away in 
a pipe laid in cement under the side wall, and is now used for drinking 
purposes by means of a pump on the lock bank. The bottom timbers 
were laid on “ mud sills ” let into the rook, and further secured by rag 
bolts 1J in. by 3J ft. long (fox wedge bolts were not used because 
the rock was unsuitable) driven into long wooden plugs, which had 
been driven into holes drilled to receive them.

There was no trouble wilh water in concreting or cementing the 
chamber, and the whole foundation including planking was finished in 
apparently a most stable and .satisfactory manner.

Two steam derricks were placed within the chamber, and about two 
courses on each side had been built, when the bottom was found to have 
risen suddenly in the middle some six or eight inches, and had it not 
been for the derricks it is probable that the mitre sills themselves would 
have been disturbed. Two inch augur holes were immediately bored 
all over the platform throughout which the water sprang three feet into 
the air but subsided gradually, and the bottom being weighted with 
stone gradually returned to its place. The borings showed that the 
entire bottom had been lifted, concrete and all. This shows one objec­
tion to the close planked wooden bottom, and there are others which lead 
to the conclusion that this form of construction has had its day.

The only good point about it seems to be that it resists erosion from 
the rush of water from the gate valves and from the wheels of steamers, 
but this can be avoided equally well by the use of good Portland ce­
ment concrete. It seems likely that wooden bottoms will be entirely 
abandoned, except perhaps where piling is necessary. The entire bot­
tom in most eases might be made of concrete, including even the mitre 
sills platforms, and the mitre sills of iron castings filled in with concrete.
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A hard wood plate might bo placed with advantage at the bottom of 
the hollow quoins to give the necessary play to the socket piece of the 
gate pivot.

As Mr. Rhcaume’s paper does not go beyond the construction of a 
particular lock, it would be going too far to allude to other points con­
nected with the general subject; but it is to be hoped that some of our 
members may give papers on the best mode of rapidly filling and 
emptying locks, to effect which many plans have been proposed, also on 
modes of opening and shutting gates other than those commonly in use.

In reply to Mr. Evans’ enquiry with regard to Canadian Cements, Mr. Dodwell 
Mr. Dodwell said that during the construction of the Ontario and Que­
bec Railway, between Smith’s Falls and Toronto, he had had occasion to 
make some trials of Thorold and Napanee Cements, with a view to per­
mitting their use by the contractors in some bridge masonry instead of 
Portland. Not having access to a proper testing machine, and being 
pretty well occupied at the time, the tests were not carried out on scien­
tific principles, and they were somewhat erode and rough. He made 
a number of cakes, about 1 inch thick, of both neat cement and also 
with various proportions of sand. Some were allowed to set in air, and 
others were placed in water, after first drying somewhat in air. The 
general result was that the Thorold Cement showed marked hydraulic 
properties, and seemed to be an excellent article, setting both in air and 
water to a considerable degree of hardness. He would have no hesita­
tion in using it with one to two volumes of sand for ordinary 
masonry.

The Napanee Cement failed to shew any hydraulic properties. Both 
the neat cement cakes and those with sand fell to pieces in water, and 
those left to set in air crumbled in the hand with but slight pressure.
Judging from the samples ho had tested, he considered it an inferior 
article and he would rather use lime. The cakes of both Thorold and 
Napanee Cement were broken after periods varying from one day to 
three about weeks. With other Canadian manufactured cements he had 
little or no acquaintance.

With reference to the statement that he had certified to the superior Mr. retenon, 
quality of Thorold Cement, Mr. Peterson remarked that he merely cer­
tified as to the correctness of certain tests made upon a barrel sent him 
by the manufacturer. The tests shewed the cement to be of very fair 
quality, but far Inferior to Portland cement In his own practise be 
had never used any Canadian cement for work under water with satis­
factory results. He had used “ Quebec " cement above water on the 
Intercolonial Railway,and found it, give very satisfactory results; but
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Mr. Rheiume.

he had also known it to be bo bad, that large quantities had to be 
thrown away after causing much trouble, and “ Portland ” cement was 
afterwards adopted over as much of the Intercolonial Kailway as he was 
personally familiar with.

On the Toronto Water Works, the Commissioners insisted upon the 
use of Canadian cement under water, and the results were very unsa­
tisfactory. The work was never water-tight, although a large 
amount of money was expended in endeavoring to make the work 
answer the purpose. Some of the work above water, laid in frosty 
weather, had to be taken down, as the cement, in the spring, was 
found to be no better than so much ashes. He had laid masonry 
in “ Portland " cement in similar circumstances in very much colder 
weather, in fact with the thermometer nearly at sero, and in the spring 
had found the cement had set just as well as if laid in summer.

One of the reasons for the inferiority of our native cements is that 
some of the manufacturers know little or nothing as to the proper mode 
of manufacture, or as to the method of using it after it has been manu­
factured. In fact, one of them told me that his cement would not 
stand the test, because it had been mixed and tested neat, whereas it 
required at least two parts of sand to one part of cement to enable it to 
come up to the requirements. He was very much surprised to find 
that even when mixed in this manner it was much weaker than the 
neat cement.

Some of the manufacturers exercise little or no care in selecting the 
stone and less in burning it. Stones of all sixes are put in the kilns, 
and when drawn some of the cement is underburnt and some over- 
burnt. Doubtless there is the material in the country for making a 
good cement, and it is to be hoped that the manufacturers will become 
acquainted with the best methods, and put them in practise so as to pro­
duce a cement in every way as reliable as Portland cement. Canadian 
engineers have only to insist upon a good cement, and the manufac­
turers will learn that they can produce it, and will do so.

The cement was obtained at Thorold, Ontario, and had already been 
highly recommended by prominent engineers. It was delivered fresh 
from the mills, according to the requirements.

With reference to teats as to its quality, the following observations 
were made :—

At the close of season 1885, only three courses of the chamber walls 
were laid. A portion of the foundation of the look, at both ends of 
the south wall, was left incomplete when water was let in to protect 
the slopes of the lock pit and the masonry already laid.



Discussion on Guard Lock. 17

In the following spring, the unwatering of the lock pit was resumed, 
and while proceeding to complete the foundation, in order to make 
proper connection, portions of the concrete previously laid had to be 
removed. The foundation proved perfectly impermeable and so firmly 
cemented that it was found hard to remove it by means of picks.

Then again, during the progress of the work, levels of each course of 
masonry were taken and no perceptible settling in the walls was noticed.
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Paper No. 7.
SNOW SLIDES IN THE SELKIRK MOUNTAINS.

By Granville C. Cunninohai', I. Can. Soc. C.E.

It fell to the lot of the writer to spend winter of 1886-6 at the 
summit of the Selkirk Mountains, for the purpose of observing snow 
slides, with a view to the proper protection of the Canadian Pacific 
Railway from their effects. The following paper embodies a few facts 
that may prove of general interest to the Engineering profession.

The Selkirk Mountains form a chain lying to the west of the Rocky 
Mountains. They are divided from them by the Columbia Valley, 
running approximately north and south, and through which the river 
of the same name flows. This river sweeps round the northern extrem­
ity of the Selkirk chain, forming what is called the “ Big Bend," and 
then flows southerly into Oregon Territory, scooping out a deep valley, 
which divides the Selkirks from the Gold Range, lying further to the 
west. The Selkirks are thus bounded on either side, and enclosed at 
their northern end, by the Columbia Valley. Their length is about 
250 miles in Canadian Territory, and width from 50 to 80 miles. The 
range is cut across by the route of the Canadian Pacific Railway some 
70 miles south of the Big Bend.

In general character these mountains arc lofty, rugged, and steep ; 
intersected and diversified by narrow passes, and precipitous, rocky
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canons. The height of the highest peaks is tenor eleven thousand feet 
above the sea ; long parallel ridges of not much inferior elevation may 
be frequently observed in close proximity, forming between them a 
narrow V shaped valley, whose sides extend upwards, at an even and 
very steep slope, for five or six thousand feet, and along the bottom of 
which there flows a turbulent mountain stream. The geological strata 
is the lower carboniferous, the rock being for the most part the clay and 
slate shales of that system, with interlaminated quarts veins. Such 
rock necessarily crumbles and degrades easily under the action of the 
weather, and large masses of debris are thus constantly gathering in the 
valley bottoms, while the mountain sides are deeply scarred by gullies 
and fissures.

The Canadian Pacific Railway ascends the eastern slope of the Sel­
kirks from the Columbia Valley by the Valley of the Beaver and Bear 
Creeks, following the valley of the former first for about 14 miles, and 
the latter for 6 miles. The altitude ascended in this distance is 2,200 
feet, and as the valley of the Bear Creek falls very rapidly in the last 
4 miles of its descent from the summit, the railway, in order to make 
the ascent on practicable grades, has to leave the bottom of the Beaver 
Valley some 6 miles from its point of departure from the Columbia 
Valley, and climb up on the mountain side, following the contour of the 
slope. The effect of this is to throw the line high up above the valley- 
bottom—at some points as much aseight or nine hundred feet—and to 
give deep crossings of the ravines or gullies above spoken of, by which 
the mountain side is fissured. Some of these bridge crossings are 150 
feet deep, while one—that of Stoney Creek—is 286 feet deep, making, 
probably, the highest wooden bridge on the American Continent. The 
descent of the Western slope is made by the valley of the llle-cillo waite 
River, following what has been named “ Roger’s Pass " out of compli­
ment to the Engineer who recommended the adoption of this route to 
the company. Here, as on the eastern slope, the descent of the valley 
is at first so rapid that it is impossible for the railway to follow the 
valley bottom. But the difficulty has been cleverly got over, and the 
requisite fall obtained on a practicable grade, by running the line up a 
tributary valley and doubling back upon itself in the form of a loop. By 
this plan the line has been brought down to the bottom of the valley, 
at the cost of some three miles additional length, and the necessity for 
continuing it high up along the mountain side has been obviated.

The Selkirk chain forms, as it were, a lofty wall running north and 
south. Being very much higher than the mountains to the west, it is the 
first and chief barrier that the moisture laden currents of air from the
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Pacific Ocean encounter on their eastward passage. This warm air is 
intercepted and the moisture condensed by contact with the cold Selkirks, 
entailing heavy rain in summer and deep snow in winter ; and it is inter­
esting to note that the snow fall on the western slope of the Selkirks 
(being the place where the first contact with the warm air takes places) is 
much heavier than on the eastern slope ; while the average fall on the 
Selkirk range much exceeds that on the Rocky Mountains. The greater 
the difference in temperature, the larger will be the condensation taking 
place, and consequently the heavier the fall of rain or snow. Thus in 
cold winters the snow may be expected to be deeper than in mild. This 
conclusion is verified by observation. The winter of 1884-6 was ex­
tremely cold, the thermometer during the latter part of December mark­
ing, for some days, many degrees below zero, and reaching, on the 24th 
of that month, a minimum of—42 °. This was succeeded hy a Janu­
ary of great cold during the first half. The snow fall during that 
winter at the Selkirk Summit was very large, aggregating more than 30 
feet in depth, while during ten consecutive ’-ys there was a fall of no lass 
than nine feet. The winter of 1886-6 was much milder, and the total 
snow fall 15 ft 9 ins. The mean temperature for the month of December 
was + 21J ° , and the lowest —1° ; the snow fall during the same 
period was only 3 ft. 4$ ins. In January the mean temperature was +2°, 
and the minimum —30 °, while the snow fall was 7 ft 2 ins. The greatest 
snow fall in any 24 hours occurred between a.m. of the 23rd and a.m. 
of the 24th, when 17$ inches fell with a mean temperature of —8 ° . 
From a.m. of the 23rd to a.m. of the 27th, 40$ inches fell, while the 
mean temperature was 0 °, and this was much the heaviest snow fall 
experienced in any four consecutive days. The lowest tempèretura 
occurred on the night of the 21st, when—30 ° was recorded ; and it 
is significant that the period of lowest temperature immediately pre­
ceded that of greatest snow fall. February was a mild month ; the 
mean temperature was + 27 °, the minimum —2 ° (on the last day 
of the month), and the snow fall 2ft. 3$ins.

But though a high temperature causes a diminution of the snow fall, 
it is always accompanied by more wind than prevails with a low ther­
mometer. Though there were no instruments for measuring wind velo­
cities and pressures, still personal observation testified that during the 
mild winter of 1885-6 there were more frequent and more violent gales 
than during the cold winter of 1884-5. Often, too, while it was quite 
calm in the valleys, the gale could be heard roaring in the mountain 
tops. The effect of these frequent gales is to brush the snow off the 
exposed and prominent parts, and to heap it into the pockets and basins
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of the mountain sida. These form the gathering planes for the aval­
anches, or enow elidee, which occur at intervals throughout the winter ; 
and it can easily be understood how the masses of enow, thus packed 
in by the wind, increase until they lose their balance, as it were, and 
toppling over, or sliding out, rush down the mountain side, with accele­
rating velocity. As a matter of direct observation, elides are most 
frequent and largest during or immediately after very violent wind, 
when the thermometer is standing high. But from the preceding 
argument it seems probable that the wind, as the indirect agent, lias 
more to do with the slide than the rise in the thermometer. There is 
never violent wind with a very low thermometer, and slides seldom 
occur at such temperature. Thus, though the snow fall is the prime 
cause of the slide, and the deeper the snow the greater the slide us 
a rule, yet we see that in a mild winter, with moderate fall, the more 
frequent and violent winds, as compared with a cold winter, tend to 
compensate for the reduced snow fall, by drifting the “ pockets ” to 
overflowing, and thus to maintain the avalanches at something like a 
constant quantity. The slides of the winter of 1886-6 were certainly 
less in bulk than those of 1884-5, but there was no such difference as 
would be inferred from a direct comparison of the respective snow­
falls ; and in some places slides occurred in the former year where 
there were none the year before. But though it is true that year by 
year the slides may be looked for to much the same amount, there are 
unmistakable evidences, in the extent and length of old slide tracks, 
partially covered with timber of some years’ growth, that there aro 
occasional winters when exceptional conditions prevail, and when the 
slides descend in stupendous volume.

There are two classes of slides ; what may be called the “bench 
slide ” and the “gully slide.” The gully slide issues from a narrow 
and deep cleft in the mountain side, which extends upwards for perhaps 
one or two thousand feet. At the top of this cleft there is probably a 
deep pocket or basin in which the snow gathers. At the mouth, which 
is some 800 to 1,600 feet above the valley, the •■.■at heap of debris—the 
accumulation of many years—commences. It spreads out fan-like, and 
its width at the valley bottom may often measure over 1,2»0 feet. 
Winter after winter, and many times during the same winter, the slide 
rushes down the gully and shoots out upon the debris heap—the tains 
as it is called—loosening and displacing masses of rock in its cours*. 
These gully slides do not bring down large quantities of snow on each 
occasion ; ten or twelve thousand cubic yards is about a maximum. 
The first slide probably follows the centre line down the talus, leaving 
in its course small heaps of hard packed snow. The second cncountcr-

B
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ing these obstructions, deflects to the right or left, following the line of 
least resistance ; the third behaves in like manner ; and so on, so that 
by spring the whole of the “ fan ” has been passed over, and the snow 
heaped up along its base.

The slope of these dpbris heaps varies from 1$ to 1, to 3 or 4 to 1, 
according as room is afforded in the valley for them to spread. The 
velocity of the slide depends upon the angle of the slope, the height 
from which it comes, and the condition of the snow. During early 
winter when the snow is light and powdery, and lying in this condition 
to a considerable depth, the slide is impeded by gathering snow as it 
descends, and the velocity is not very great, probably not exceeding 30 
miles an hour. But later, when the slide-track has been worn smooth 
by frequent avalanches, the slide sometimes descends with terrific velo­
city. Observation and the careful weighing of various considerations 
induce one to rate this velocity as high as 100 to 120 miles per hour 
A measure is obtained from the velocity of the wind generated by the 
slide. It will readily be granted that a mass of some ten or twenty 
thousand cubic yards, descending rapidly, will of necessity cause a 
strong current of air, while at the same time the velocity of the current 
will not be greater than that of the mass generating it. On both 
sides of one of these fast snow slide tracks, at the bottom of the slide, 
may sometimes be seen the evidences of great wind force. Healthy 
trees, from afoot to two feet in diameter, are broken, leaving shattered 
stems 15 to 20 feet in height, split and torn as if struck by lightning. 
•Sometimes the wind continues beyond the slide, tearing for itself a 
track through the standing timber, und leaving a sharply defined lane 
in its rear.

The velocity of wind required to do such work must be very great. 
The writer has jiersonally noticed the action on standing timber, of a 
gale having a recorded velocity of 68 miles per hour (in Scotland, 
February, 1884), and though large numbers of trees were blown down, 
yet the effects were much milder, and the velocity plainly less than 
those of a snow slide wind. The effects produced by the la iter are more 
comparable to those of the most violent tornado, the velocity of which 
has been recorded as over 100 miles per hour. Again, the velocity 
acquired by a body falling 2,000 feet freely in space would be 240 
miles per hour. If we assume that on a steep slide track, having a 
similar vertical height, one half of this velocity were acquired—and 
with a good crust on the snow and other conditions existing favourable 
to velocity, this is not an unwarrantable assumption—it would amount 
to 120 miles per hour. In experiments made with a toboggan having 
on it a man weighing 180 lbs., on a snow slide track with a slope of 1
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in. 30 (angle 15° 30'), it was found that the velocity aoquired in a 
run of 318 feet was 43-36 miles per hour. The vertical height cor­
responding to this slope and distance is 85 feet, and the velocity that 
would be acquired by a body falling freely through 85 feet vertical is 
60.6 miles per hour. Doubtless the velocity aoquired by a toboggan is 
greater than that acquired by a snow slide on a similar slope, but still 
this expriment goes to shew that the velocity of a slide may be even 
considerably greater than that assumed. The writer had only one op­
portunity of personally noting the time of descent of a fast slide. This 
was one which occurred on the 5th of February. The time of descent, 
after issuing from the mouth of the gully, about 800 feet above the 
valley, was somewhat less than 20 seconds ; the rate of final velocity 
would, therefore, be something over 50 miles per hour, without allowing 
for the initial velocity the slide may have had on leaving the gully. 
The slide track was not steep, and there were no wind effects produced 
in standing timber at the foot of the slide.

It is only from considerations such as the foregoing that any estimate 
of the velocity of slides has been arrived at. It is seldom that one 
happens to be sufficiently near to a slide at the time of its occurrence, or 
in a sufficiently safe position, to observe its time. But though there is 
evidence to show that very high velocities are sometimes attained, yet 
it seems probable that such is not frequently the case.

The other form of avalanche occurs when the snow gathers upon a 
wide “ bench," situated perhaps two or three thousand feet above the 
valley. When the accumulated snow becomes too great to hold its 
position longer, it slips over the edge, and rushes dowa the mountain 
side, on a track from a thousand to fifteen hundred feet in width. The 
quantity of snow brought down in this manner is very much greater 
than that by the gully slides, and though the velocity is usually less the 
effects are more overwhelming. In one such slide, covering a track 
1100 feet wide, the quantity brought down roughly measured 250,0110 
cubic yards, and in former years the quantity has been far in excess of 
that. These bench slides do not come frequently during the same win­
ter, as do the gully slides. It seems as though the whole winter’s ac­
cumulation were carried off in one effort, and not brought away piece 
meal as in the other case.

The weight of Hrd packed snow composing a slide varies from 25 
to 38 lbs. per cubic foot, according to the state of the atmosphere and 
the amount of pressure to which it has been subjected in coming down. 
In spring, when wet snow rolls down in large balls, the weight is 
greater than in midwinter; but some slides that had come down in 
midwinter, when the snow was perfectly dry, weighed 34 and 35 lbs.
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per cubic foot. The greater the velocity of a elide, the heavier the enow 
composing it becomee, owing to its being more compacted than when 
the elide travels elower.

The time of year when elides arc laigest and most frequent is from 
the middle of January to the latter part of Febiuary. These are “ win­
ter elides,” formed of large masses of quite dry snow. In March and 
April there are numerous sun slides,” caused by the melting of the 
enow and ice, but these are not of any importance as compared with the 
others.

In erecting structures for the protection of the line of Railway, the 
governing principle is that they should offer no resistance to the slide. 
The force generated by the rapid descent of masses so large and heavy, 
is such that no structure that could be built would withstand it. Where 
the line runs along, and is “ benched ” into the mountain side, in the 
manner that has been described, the shed is constructed so as to con­
tinue the slope of the mountain, and shoot the slide across the track 
into the valley below ; and the more nearly the slope of the shed roof 
coincides with that of the mountain side, the less will be the shock it 
receives from the passage of the snow. Where the line runs along the 
valley bottom, and slides descend from both sides, strong cribs are 
built parallel to the track, with roofing between, while the backs are 
filled in with earth at a gentle slope, that allows the slide to rise up 
and pass over the line. By carefully observing the action of slides, and 
erecting sheds at all places where required, the line can be so protected 
as to run trains in safety, and with regularity, throughout the winter, 
no matter how great the avalanches may be. Though the Company 
has not succeeded in doing this thoroughly during the past winter, yet 
this failure has arisen rather from the impossibility of erecting all the 
requisite sheds during the short preceding season, than from inability 
to cope with these great forces of nature.
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DISCUSSION.

The snow sheds on the Union and Central Pacific roads, in crossing Mr. Set.tub 
the Rockies and Sierra Nevada Range, are very light and flimsy struc­
tures, as compared with those in the Selkirk", on the line of the Canadian 
Pacific Railway. The sheds, with the exception of, perhaps, a few in 
the Sierra Nevada Range, rather serve the purpose of a snow-fence than 
a snow-shed. They merely prevent the snow from direct full and drift, 
especially the latter, from filling up the track in deep cuts and ravines, 
though there are along the route a great many snow-fences that 
also serve this purpose, as they ordinarily do in this part of Canada.
At Sherman, at the summit of the Rookies, one finds merely an 
ordinary snow-fence along the track, as there is no chance for heavy 
drifting of snow. In section, the snow-sheds on the Union Pacific 
Railway resemble a tunnel.

The curves are made by bending the ribs of the roof, which are 
covered with boarding, and are heavily braced inside. As an evidence 
of their flimsy character, it might be remarked, that in mid-summer it 
is not dark in these sheds, owing to the light pouring through large 
rifts in the roof. In winter, the snow packs to a great depth on the 
sheds without excessively taxing their strength, as the snow is so 
thoroughly wedged in between the sides of the ravine. In the Sierra 
Nevada Range, the sheds arc more durably built in order to resist slides 
and a heavier full of snow, but even here no such snow-slides are expe­
rienced as in the Selkirks.

Mr. T. Vernon Smith stated that the snow-sheds in the Beaver Valley, Mr. Smith, 
where the track is benched into the side of the mountain, with an 
elevation of perhaps 2000 feet on the right-hand side going west, and 
a descent of 700 and 800 feet to the river on the left hand, consist of 
a heavy crib-work filled solid with stone against the mountain side,
16 or 16 feet broad at the base, and battering on the outside, perhaps,
3 or 4 inches to the foot, the fall next the railway being perpendi­
cular. At the back of this, the space between the crib-work and the
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mountain is filled solid with earth-work, which is carried up above the 
crib-work so as to continue the slope of the mountain to the snow-shed.

The wall next to the river is a line of piles, capped at the top, and 
between this and the crib-work a roof of 4 or 5 inch planks is laid to 
continue the slope of the mountain and earth-work, and launch the 
fallen snow over the shed to the precipice below. In some places this 
crib-work is close to the mountain side, or even imbedded in it, while 
in others it may be 40 or 60 feet from it ; but in all cases that hud 
came under his observation, the space between was filled up solid with 
earth work, and the first shock of the snow fell where the direction 
of its motion would be diverted more towards the horixontal than on 
the natural slope of the mountain, and would be taken either on this 
earth filling or on the crib-work. The roof itself is not calculated to 
take such a shock as would necessarily be inflicted by an immense body 
of snow striking it almost perpendicularly, but is intended to guide it 
over the track after its final direction has been given to it by the 
massive structure on the right hand side of the track. The work is 
heavy and expensive, and is very well put together. The diagram 
shews the section of a snow-shed about a mile west of Stoney Creeki 
where the slope of the mountain is unusually steep.

• Wragge. Mr. E. Wragge stated that perhaps he might be able to supplement 
the remarks made by Mr. Vernon Smith, inasmuch as he had mode two 
visits to the Selkirk Range—one in the summer of 1885, before the ob­
servations made by Mr. Cunningham were taken ; and the second in the 
autumn of 1886, when several of the snow-sheds were completed, and 
Others were in course of etmstrucflbn. In most of those which he saw 
on the mountain slopes, the outer framework carrying the roof of the
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sheds was constructed of an A frame, and the piles were chiefly used 
where the shed was in the valley and where they were placed on both 
sides and roofed over with an ordinary strong timber roof, and where 
no cribwork was employed.

a n-aunt

The attached sketch, which was given to Mr, Wragge by the designer 
of the sheds, Mr. J. H. Armstrong (ihe Resident Engineer of the 
Canadian Pacific Ry. in the Mountains), shews the form of shed adopted 
where cribs were placed on the mountain side. Mr. Wragge explained 
that the greater number of snow-sheds were placed near the summit, 
or in the valley of the Illc -Cille-Waet. The slides being more frequent 
there than in the Beaver River Valley, it was originally proposed 
to run the Railway on the north side of the llle-Cille-Waet after 
passing the summit of the pass; but these slopes being subjected to the 
power of the sun were literally an almost continuous avalanche path, so 
that a shed, some miles in length, would have been rendered necessary ; 
the line was therefore diverted from these slopes, and in order to get 
down into the valley, the “loop " referred to by Mr. Vernon Smith had 
been found requisite. The roof of the sheds was a source of much 
consideration to the designer, on account of the large boulders, weighing 
several tons, which are brought down with the avalanches ; but it was 
understood that during the first winter, no ca«e of any boulder having 
come through the roof had occurred ; the principal trouble had been 
that the sheds in some instances had not been made of sufficient length, 
but Mr. Van Horne had informed him, they were being extended, and 
others were being constructed.

At some of the sheds, memorably one about $ of a mile in length, 
near the Glacier House, where there is a fine view down the valley of 
the Ille-Cilie-Waet, a track had been laid outside the shed, so that 
trains in the summer might keep outside, the shed being used only 
in the winter.

M r. Cunningham states that the snow or rain fall on the western slopes Mr, lteiuhaw. 
is much greater than thaton the eastern side, which is easily understood 
in connection with the conditions described ; but, in the speaker's opinion,

7
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lie ia in error in assuming the precipitation to be in proportion to the 
temperature instead of to the amount of vapour in the atmosphere. In 
snow full, condensation begins at the temperature of 32° Falir., and 
from that to a lower point the fall would be practically the same, the 
difference being in the dryness of the snow. But, ns he says, “ high 
temperatures are always accompanied with stronger winds; ” it is, there­
fore, natural that a larger precipitation should be carried over to the 
eastern slope than when low temperature prevails. He shews that the 
snow fall in 1884-5, a very cold winter, was very much greater than in 
1885-6, a much milder one, but he does not lot ate the fall. It would 
be instructive to know the relative full on the eastern and western 
slopes in both winters.

It is well known that the precipitation on the Pacific Coast ranges is 
due to the vapour-laden winds from the ocean being arrested in their 
passage eastward by the lofty and frigid barrier these mountains pre. 
sent. The Andes, in South America, are so high as to form a complete 
bar ; so that while their western slop-s arc deluged with rain or buried 
n snow, the eastern slopes and the plains beyond are an arid wilderness of 
rocks or sand, in which the streams flowing from tln ir snowy summits 
vapidly dwindle away and disappear. Thi range becomes lower as it 
trends north, until in Canada a considerable proportion of vapour is en­
abled to escape over the summit and fall upon the slopes and countiy 
lying east. What proportion this represents it would be very interest­
ing to know.

Other points not stated are the relative frequency and importance of 
the slides on the eastern and western slopes, and the difference, if any 
of the precautions required to evade them.

The modes given for ascertaining the velocity of the slides seem very 
doubtful and unreliable, the conditions of the phenomenon and the ex­
periments being so dissimilar. The deductions from the force of the 
wind produced by the descent of the avalanche are very extraordinary, 
and to the speaker inexplicable. The only thing he knows to the effect 
of which may be compared is a railway train running at high speed. In 
such a case the disturbance produced in the a r has a very limited area, 
and is inappreciable within a short distance from the track. A train run­
ning, say at forty miles an hour, in the autumn, will raise and violently 
agitate the fallen leaves scattered on the track ; but there is very little 
tendency in them to follow the train, except in the immediate rear draft, 
and they settle down again not very far from where they rose.

The only reliable mode adopted was that of direct observation. 
Given the ascertained time, distance, and slope, and you have sufficient 
data for practical purposes, though of course mass, and condition of 
slope, would add modifying factors. Initial velocity can be neglected, 
as It is practically included in the observed speed.
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Mr. Cunningham appears to theorise that a cold winter brings more Mr stoeu. 
snow than a milder winter ; but as a colder winter he cites winters 
having cold periods of short duration. Now, snow falls during mild 
weather, and slides more frequently happen at such times ; from all 
experience, it appears that slides are attended by a high thermometer, 
a low barometer, and occur during or after a heavy fall of snow ; wind is 
also more prevalent during mild weather ; therefore it would be generally 
reasoned that a heavy fall of snow takes place during a mild winter, 
that is during the mild weather of the winter, there being intermediate 
cold periods giving a colder record than a less severe winter as regards 
cold and snow.

Deferring to the winter of 1684-85, it might be pointed out that the 
preceding summer and autumn were very wet, the rain changing to snow, 
and the snow only ceasing at the beginning of a cold period in the month of 
December ; thus the snow had accumulated in large masses about the 
mountain tops, eventually discharging in the extremely heavy snow- 
slides of the following February,

Tempestuous seasons are always attended by great variations of the 
thermometer and barometer, whether the season be winter or summer, 
the country Canada or Australia.

The winter of 1886- 87 was severe as regards snow fall and periods 
of cold, although preceded by » dry summer and a fairly dry fall. The 
coldest periods happened at the end of December, and middle of Janu­
ary and February ; the records shewing throughout a colder average 
than the winter of 1885-86, The larger slides discharged only in the 
beginning of March, being about a month later than those of the pre­
vious two years, the later period being caused by the late snow fall.

The wind has, doubtless, a great influence on the slides, the direction 
of the wind governing the greater fall of snow on one side of the moun­
tain ridges or the other, thereby causing heavier slides in some locali­
ties in different winters than in others.

As regards the weight of snow-slide material, I have weighed some 
as high as 43 pounds per cubic foot, but the average is about 30 pounds 
per cubic foot.

The theories on snow-slides as stated by Mr. Cunningham from his 
own observations have been proved to be on the whole true ; but fur 
tl er experience is still required. It was, however, remarkable how 
closely slides were predicted last winter by readings of the barometer 
and thermometer—in fact the traffic could be, and to a certain extent 
was, safely regulated by it.

The drawings upon Plate VII, have been prepared by Mr. Stoess 
to accompany his criticism, and shew the various kinds of sheds built 
in 1886.
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As regards weight alone, the design of the sheds exceed the require­
ments, but it is advisable to have heavy work in order to withstand the 
wrenching to which the sheds are subjected. The idea of the crib-shed 
is due to Mr. George Ellison, who was in charge during the winter of 
1885-86, and was adopted with some modification. The sheds 
stood the test in a highly satisfactory manner in every way, there being 
in one instance, a snow-slide standing forty feet deep on a shed roof.

In the structures at present under construction round timber has 
been used to a much greater extent than last year, braced or framed 
work being adopted instead of the heavier crib-work. Those parts of 
the line that are being protected by sheds built this year are not sub 
jeot to such heavy slides, and the idea of these latter sheds is that the 
crib shall simply and merely act as a retaining wall, the snow-slide 
itself to he carried over the track by the framed structure supporting 
a planked slope carried up to meet the natural slope of the mountain.

The following table gives the weather record for the Selkirk 
Section.

Month.
Snowfall

Depth of
Hiiow on 
Groimit.

Thermometer.

feet. feet. Max. Min.
Winter 1886-87. Dec. ’86 9.92 + 35 -20

Jan. ’87 10.84 •5
Os + 32 -16 Heaviest

Feb. 2.58 -73 Ï + Sti -36 snow fall
March 8.00

■e
at

es
t

10
.0 + 46 - 7 19 ins. in

April 1.75 + 53 +15 24 hours.

33.09 e

Winter 1885-86. Dec. ’85 7.75 4.U + 37 - 8
Jan. ’86 8.85 5.5 + 34 -24 Heaviest
Feb. 5.75 5.6 + 49 + 5 snow fall
March. 2.80 4.6 + 56 0 27 ins. in
April. 0.35 + 65 +28 24 hours.

25.50

Mr'In reply, the author of the paper regrets that he is unable to furnish 
more accurate statistics in regard to snow fall than those already given. 
No precise measurements were made in previous winters ; but measure­
ments taken with some degree of care, by a man residing at the 
Selkirk summit during the cold winter of 1884-5, shewed that the 
snow full aggregated 30 feet, whereas, at the winter camp during 
1885-6, situated near the summit, the snow fall was only 15-ft. 9-ins. 
On the western slope, during the winter last named, the snow fall 
exceeded that on the eastern by very nearly 50 per cent., but thg
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writer has not now the figures at hand to give the result with greater 
precision.

The wind velocity of a slide is a very remarkable phenomenon, and 
not comparable to anything else in nature that the writer is acquainted 
with. That the wind is so produced there can be no manner of doubt, 
and it is equally certain that its destructive effects ore such as have 
been described. Instances were observed where the slide in descending 
at some wide part of the valley encountered some obstruction, such as 
a rise of the ground, which caused it to diverge from the straight line, 
while the wind would continue in the line of the original path, tearing 
up and breaking a lane through the standing timber in a place that the 
slide had not touched. When the writer Mid *l a measure of the velo­
city of the side was obtained from the velocity of the wind," he would 
more precisely have expressed his meaning by saying “ an idea." Aa 
Mr. Henshaw says, the only reliable mode of obtaining the velocity is 
from direct observation. But it must be borne in mind that this is by 
no means an easy thing to obtain. It is by mere olianoc that one hap­
pens to see a slide coining down, and the first instinct, when the roar 
is heard, is to find out whether one is in a safe place or not. The 
slides come quite as often in the night as in the day time—that is the 
“ winter slides," not those caused by the sun—which, of course, increases 
the difficulty of observation.
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JOHN KENNEDY, Vice-President, in the Chair.
Paper No. 8.

NOTES ON PETROLEUM AS FUEL.

By L. M. Clement, M. Can. Soc. C.E.
Among the first trials in California of petroleum as fuel, were those on 

the ferry steamer “ Thoroughfare,” used for transferring freight cars 
across the Bay of San Francisco.

Results of the trials on this steamer were chronicled in the newspapers 
and freely quoted by railroad and engineering journals and in works 
on fuel.

No mention was made of the quality of the lone coal, with which 
the petroleum was compared, nor of the theoretical value of either fuel.

lone coal is a brown lignite of very inferior quality, too poor a fuel 
for general use, and compared with the ordinary commercial coal of this 
coast is about as three (3) tons to one (1).

The comparaison of such a coal with petroleum, without making known 
its quality, would create false impressions among those who have not 
given fuel values any thought. They, of course, would assume that the 
coal was at least equal to the coals ordinarily used.

The analysis below of the lone coal will be sufficient to establish its 
theoretical comparative value with other coals.

ANALYSIS OF IONE COAL.

Water..................................... .
Volaille carbonaceous matter 
Fixed carbon .........................
Ash....................................... .

36 • 30 per cent. 
35-10 “
16-15 «
12-45 “

100-00
Adding the water and ash, and deducting we have,

Water............................................... 36-30
Ash ..................................................  12-45 48-75

51-25 per cent.
51J per cent, of combustible material remains, and of this fully 20 

per cent, will be used in the evaporation of the hygmscopio water con­
tained in the coal ; of the remaining 31 per cent., not over 80 per cent, 
will be the equivalent in quality of a good British bituminous coal.

It is probable that one ton of average British bituminous coal is equal 
in evaporative power to four tons of the lone coal.
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PROXIMATE ANALYSIS Of PETROLEUM.

Heavy Naptha distilling between 170 and 250 degrees
Fah ............................................................................. 3‘76 per cent.

Light illuminnting distilling between 250 and 4o0
degrees Fah ............................................................... 31‘70 “

Lubricating oil distilling between 400 and 520 degrees
Fah ................................................................ 39 10 »

Asphaltum Maltha and loss............................................ 25'44 “

100 00 »
ULTIMATE ANALYSIS OP PETROLEUM.

Carbon ................................................................... ...........  84 • 00 per cent.
Hydrogen............................................................................. 12‘50 “
Nitrogen and Oxygen.............................    2‘40 “
Water, ash and loss............................................................ 1*10 “

llO-OO <•
The consumption of upwards of six thousand (6,000) tons of lone 

coal, and thirteen thousand six hundred (13,600) barrels of petroleum 
on the steamer “ Thoroughfare,” shewed the cost per mile for coal and 
firemen to be 128-^ cents and for the petroleum and firemen, 
62TYb cents, or 66jYj cents per mile in favour of the petroleum,
t.e. 51'77 percent.

Price of lone coal per 2,000 pounds.........................................83.90
“ petroleum per barrel......................................................81.69

Five hundred and fifty two and one half (5524) pounds of lone coal 
were consumed per mile, and fourteen aud five hundredths (14tYj) 
gallons of petroleum.

When a fair quality of coal is compared with petroleum, there is a 
very different shewing ; instead of 552J pounds per mile, only 191^ 
pounds of the Carbon Hill coal were consumed.

ANALYSIS OP CARBON HILL COAL.

Water................................  1 • 50 p. cent. 1 • 50 p. cent. 1 • 70 p. cent.
Volatile carbonaceous mat­

ter ..................................34-00 « 35 00 “ 36-68 «
Fixed carbon.....................53-75 “ 54-35 “ 50-45 “
Ash......................................10-75 “ 9-15 “ 11-70 “

100-— 100 •— 100-—

Name of 
Steamer.

jf Number, kind and size of engines.
Remarks.8H No Kind. Ins. dia. Ft. stroke

Thoroughfare 1012 2 High Pressure 22 7 Boilers.
Piedmont. 1854 1 Low Pressure 

Horizontal.
57 14 See Plate 7. A
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TRIALS ON STEAMER “ THOROUGHFARE ” OF PETROLEUM AND 
CARBON HILL COAL.

13,708 miles with petroleum for four months.
$7,329.97==oost of petroleum “ ** including

firemen.
63.47 cts. = $7,329.97 -f- 13,708=cost per mile with petroleum.

191111» pounds of Carbon Hill coal per mile were 
consumed, costing 2J mills per pound, or $5 per 2,000 
lbs.

47.83 cts. = 191 ? * « » x 2J mills=cost of Carbon Hill coal per mile.
6.13 cts. = co.'t per ton of extra firemen firing Carbon Hill coal.

53.90 cts. = cost per mile of Carbon Hill coal, including extra fire­
men over those needed firing petroleum.

0.38 cts. = less cost of water per mile.

63.58 cts. = cost per mile of Carbon Hill coal.
63.47 cts. = cost per mile of petroleum.
0.11 cts. = in favour of petroleum per mile.

Price of Carbon Hill coal, (5 per 2,000 pounds.
Price of petroleum, $1.65 per barrel of 42 gallons.

During the trials on the steamer “ Thoroughfare," with both fuels, 
gauge pressure, throttle and revolutions of the engine were the same.

Trials were also made of petroleum and Carbon Hill coal on the 
steamer “ Piedmont” by the writer. Prices of both fuels were the same 
as on the “ Thoroughfare.”

317,500 pounds Carbon Hill coal were consumed on the 
triid, or 276.67 pounds per mile.

69.167 cts.
17.557 “

86.724 “

74.940 cts.
9.576 “

84.516 “
2.208 «

= cost of coal and firing per mile,
20,124 barrels of petroleum were consumed in 44,307 

miles, costing $33,204.60.
= $33,204.60 — 44,307== cost per mile 
= cost of firing petroleum.
= cost of petroleum and firing.
= Difference in favour of petroleum.

With the coal the “ Piedmont" made the trips in nineteen (19) 
minutes and with petroleum twenty (20) minutes, from the go-ahead 
to jingle bell.
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Steam gauge pressure would fall in crossing, and while in the slips it 
was necessary to continue the burning of petroleum, or in other words, 
it was necessary to bottle the steam, while the steamer remained in the 
slips, otherwise the trip could not be made even in twenty (20) minutes.

Using Carbon Hill coal, steam pressure of fifty (50) pounds (highest 
allowed by law on this steamer) was easily maintained, and while lying 
in the slips, doors and dampers were closed.

Assuming that the consumption of fuel on the same steamer varies 
as the square of the speed multiplied by the distance, the ratio would 
be 1 to 1.109.
74.94 cts. = cost of petroleum for time of 20 minutes.
83.108 “ = 74,94 cts. x 1,109 = cost of petroleum for speed of 

nineteen (19) minutes.
9.576 “ = cost of firing petroleum.

92.684 “ = cost of petroleum and firing to make time of nineteen 
(19) minutes.

86.724 11 cost of coal and firing.

6.90 “ difference in favour of coal at equal velocity, or time in
crossing.

The result of the trials indicate that petroleum on the steamer 
1 Thoroughfare ” is slightly cheaper than Carbon Hill coal, with petro- 
eum at $1.65 per barrel and Carbon Hill coal at $5 per 2,000 pounds.

On the “ Piedmont," petroleum is the cheaper if no value is placed 
on the difference in time.

Since the above trials were made petroleum has been reduced to $1.40 
per barrel, a reduction of about 15 percent. ; the price of Carbon Hill coal 
remains the same. This reduction so far as the fuel value is concerned, 
places petroleum beyond comparison, although there may be some question 
as to its safety on passenger steamers.

The apparatus for supplying the petroleum to the furnace is substan­
tially the same as that used in Russia, and is so constructed that a jet 
of steam meets the petroleum at the mouth of the burning pipe 
atomizes it into a finely divided vapour, which burns with a loud roaring 
noise.

When the supply of petroleum is properly adjusted there is no smoke 
and the combustion appears complete.
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Dr. Dudley.

DISCUSSION.

The experience of the Grazi-Tsaritzin Railroad in Ruaaia, which 
Dr. Dudley visited last year, indicates that for heat production a 
pound of petroleum is as pood as If pounds of coal. This 6gure, 
which Mr. Thomas Urquhart, the Locomotive Superintendent of this 
Railroad, has drawn from a year’s consumption on 143 locomotives, is 
confirmed by the experiments made on the Pennsylvania Railroad dur­
ing the last six months, and also by other experiments on petroleum 
burning elsewhere, that have come to his knowledge.

The coal used against the oil in Russia was a fine quality of Anthra­
cite, and also Bituminous coal of much the same quality as mentioned 
in Mr. Clement’s paper under the name of Carbon Hill coal. The 
coal used in the experiments on the Penna. R.R. was Westmoreland 
and Penn. Gas, which gives an analysis almost the same as the Carbon 
Hill coal.

The oil principally used in Russia has a flashing point of about 280 
degrees, a burning point of about 325 degrees, and weighs not far 
from 7.3 pounds per gallon. The oil used on the Penna. R.R. was 
very similar in composition.

Still further, the experiments of Mr. Urquhart indicate that where 
all the economies are taken into the account, a pound of oil is as good 
as two pounds of coal. The ascertained economies which have been 
counted in making this estimate are, a saving in the handling of fuel 
and ashes, and economies in repairs to locomotives. It is undoubted 
that there are still economies connected with fuel oil that have not yet 
been worked out, so that the balance sheet between coal and fuel oil 
may be fairly regarded as having some things still not mentioned, in 
favour of the oil.

Using the kind of coal and the kind of oil mentioned above and the 
ratio above referred to, the following results are obtained :

Suppose the oil to weigh 7.3 pounds per gallon, and that a barrel of 
oil contains 42 gallons, 6 J barrels of oil make almost exactly a ton of 
oil. The price, therefore, of 6J barrels of oil is the price of a ton of 
oil. This divided by If gives the equivalent price of a ton of coal, 
when the fuel account alone is considered, and divided by 2 gives the 
equivalent price of coal when all the ascertained economies are con­
sidered.

The above data reduced give the following simple rule. Multiply
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the prine of oil per barrel by 3.71, and the product will be the equiva­
lent price per ton of coal, when fuel account alone is considered, or 
multiply by 3.25 and the product will be the equivalent price per ton 
of coal, when all ascertained economies are considered.

These data enable the calculation to be made very quickly as to 
whether it is better to use coal or oil in any locality. If you are con­
sidering oil in competition with coal multiply as above. If you are 
considering coal in competition with oil divide the prices of coal per ton 
by the above factors, aud the quotient will be the price you can afford 
to pay for oil per barrel. Of course, if the oil used weighs more or 
less per gallon than the figure given above, the factors will be changed 
accordingly, and still further, if a barrel of oil is more or loss than 42 
gallons, the figures must be changed.

It may be safely stated that unless it be natural gas there is proba- Mr. Blackwell, 

bly no more h indy and simple form of fuel than a burning jet of atomised 
petroleum. For instance, with a barrel of petroleum, a few feet of 
gas pipe, and a jet of steam from the boiler, a furnace of about 8 cubic 
feet capacity can be kept at welding heat for 10 hours. The whole 
matter simply resolves itself into a question of cost.

At the Keystone Spring Works in this city, two re-heating furnaces 
for railway spring work were run with petroleum for six months. The 
system was abandoned simply on account of the excessive cost of the 
oil in this market.

The average result of six months work m ty be stated as follows :—

Quality. Value.
Am’t.coir

sumed 
per day.

Cost 
per tlay Equivalents.

Coal. Lehigh (beet) $6.50 per ton 
2240 lbs. 425 lbs. $1.04 1 ton of coal 

at $6.50

Oil. Gas Oil. 5c. per gallon. 36 gals. $1.80 180 ga s. of
oil at $9.00

In fact it may be stated broadly and in round numbers, that oil 
must be bought in this market at about 2$ cents per gallon, to compare 
favourably with Anthracite coal, and at about 2| cents per gallon to 
compare with Nova Scotia coal. The price of oil in this market to­
day is about 4£ cents per gallon.

The *'urner which was used in this instance is here for your inspec­
tion. It was found advantageous to keep the oil in the mam supply 
tank at a temperature of about 80° F., in order that the oil might reach 
the burner in a thoroughly thin and fluid condition, otherwise the paraf­
fine wax in the oil would have not only clogged up the pipes and burner, 
but an actual waste of fuel would have occurred, owing to some of the

c2
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paraffine wax reaching the furnace in n semi-solid state, and passing 
away up the flue unburnt, in the form of brown smoke.

It was also found very desirable and advantageous to super-heat the 
steam in its passage! towards the burner. This can readily be accom­
plished by passing a few feet of the steam pipes through a portion of 
the brickwork of the furnace to which the burner is attached, so that 
it may be moderately heated without being exposed to the full heat 
of the furnace.

The experiment at the Keystone Spring Works was made two years 
ago, and improved burners, which possibly give a more efficient and 
economical result, have come into use.

That gigantic corporation, the Standard Oil Co., in some parts of 
the U. S., where they have a larger product of petroleum than they cun 
market, are offering their fuel oil to manufacturers and fuel users 
generally, at 65 cents per barrel, or say 1J cents per gallon, with a 
guarantee that 150 gallons (i. e., 81.85 worth) are equal to 1 ton of 
bituminous coal. While this may probably be slightly overstated, 
yet it is, without doubt, very near the mark.

At the works of the Keystone Spring Co., in Philadelphia, nothing 
but fuel oil is used. In these works about 5,000 tons of bars of steel 
per annum are re-heated and worked up into railway springs, and a 
superior burning device has been adopted, of which a tracing is 
submitted for inspection.

After an experience of three years, it has been found, on the average, 
that 152 gallons of oil (Am.) at 2J cents per gallon, worth 84.18, are 
equal to one ton of Lehigh coal at 85.00 per ton (2240). In addition 
to this, the entire expense of coaling up furnaces, clearing out ashes, 
carting ashes away to dumping ground in distant parts of the city, and 
the handling of coal is saved, which is estimated to amount to 8800 per 
annum. Under date of October 29, Mr. Schoer, Superintendent of 
the Keystone Spring Works, Philadelphia, states as follows :—

“ We think we save 20 per cent, by the use of fuel oil at 2| cents per 
gallon, as against Lehigh coal at $5.00 per ton. In addition to that we 
get a better product from our furnaces, on account of the entire absence of 
sulphur in the oil ; we also get more heat from our furnaces in a given 
time, on account of the furnaces not being checked and cooled down 
slightly every time we coal up. ”

Mr. Barnett. Mr. J. D. Barnett’s experience with petroleum as a fuel dates back 
some 18 years when ihe apparatus shewn on the accompanying drawing 
exhibited was experimented with in a locomotive engine at Montreal.

A cast-iron box, or retort, occupied the place of the grate at the bottom 
of the furnace. Through independent pipes, air, steam, and oil were
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delivered within the retort, the under side of it being heated to assist 
in volatilising the oil, the combined vapours or gas passing through and 
around the regenerative metal burners, where combustion took place. 
Various styles of burners ure shewn, and were experimented with. 
The heating of the retort could be accomplished by waste heat, or by 
flame from burners fitted in its base, taking their supply of gas from 
the upper part of the retort.

The result was unsatisfactory ; the conversion of oil to gas appeared 
to be imperfect ; probably the wax gathered, and closed some of the 
passages ; the air admitted internally was in volume not a fraction of 
what was required, and that admitted externally (or around the sides 
of the retort) had a cooling effect upon it, and as this air had no fair 
opportunity of getting warmed yid mixed, and also as metal burners 
(or contact with metal) at any temperature whatever, tend to prevent 
—even when it does not quench—flame combustion, it is not surprising 
that the evaporation of water was low, the products of combustion 
densely black, depositing soot thickly, and that they were pungently 
offensive in odor.

It is to be regretted that Mr. Clement, in his paper, did not use some 
more convenient unit of comparison than the local market costs of the 
fuels experimented with, as the first impression received from it is that 
crude or natural oil has but a slightly higher calorific value than 
average bituminous coal. A closer attention shews, that with the 
compared fuels at prices current at given time and place, oil had not 
the commercial advantage which its superior energy as fuel would 
naturally give it

The analysis of lone coal clearly indicates its poor quality, but as 
only a rough approximation to the calorific value of even good fuels can 
be made from the information given by simple analysis, much less can 
the value of a lignite be so obtained.

If analysis could be taken as a basis for comparison, the Carbon 
Hill coal with 88 per cent, of combustible matter is equal to average 
British coal, and the consumption of lone coal for equal evaporation 
should be, according to Mr. Clement, four times that of C. H. coal, but 
it is only 2.88 times.

Inferring that the oil is measured by the U. S. gallon, and that it 
has a s. g of .85, its thermal value per unit weight compared with lone 
coal is 5£ to 1, and with G. H. coal 1-91 to V00.

A comparison of market values shows that C. H. coal costs per lb. 
25 cents, and oil 55 cents, that is, they are as 1 to 2'2. In other words, 
the experiment shews oil to have a thermal value of 1"91 and a cost of
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2 2, so tliat any industrial economy in its use must have resulted from 
the saving of labour in handling the fuel and ashes.

A comparison on the basis of combustible matter contained per lb. 
of fuel shews (jj‘.J=l'09) that with but 9 per cent, additional combus­
tible, oil has 2-2 times the thermal value of coal absolutely realised. 
That is—per lb. of actual combustible—oil will do twice as much work 
as C. II. coal.

Any result varying far from this figure would have been open to 
serious question, even if the percentage of combustible in the coal had 
equalled that in the oil, and the explanation for this apparent anomaly 
—though often lost sight of—is simple.

Accepting the theory that heat is motion (rapid molecular move­
ment), then the greater the freedom or the looser the particles of car­
bon, the greater will be the utilisable amount of heat developed, because 
a smaller part of its energy is consumed in the mechanical work of giv­
ing its atoms that freedom necessary before they can swing (vibrate) 
freely. In other words, in addition to itsehemical energy, it has poten­
tial energy due to its condition (position). The old terminology would 
say that the oil had absorbed latent heat in being raisei'. from the solid 
to the fluid state.

It is seldom forgotten that heat is absorbed (work done) in changing 
fluid to a gas, but the fact is not so often brought home that 
energy is similarly used (heat rendered latent) in converting solids to 
fluids. Every unit weight of fluid fuel has within itself the 1; tent heat 
of fusion; hence the poorest fluid fuel has a higher thermal power 
than the richest solid, and in solid fuels their value per unit weight 
is usually inversely as their densities. Even Mr. L. Urquhart, 
in making a comparison between oil refuse and coal, infers that Anthra­
cite should have a higher evaporative power than bituminous coal, 
because it has a higher percentage of carbon ; whereas, the law that 
compression or compactness inversely qualifies the thermal value of all 
fuels comes into operation here, and the effect is tha Anthracite has 
not the thermal position that its excess of carbon should give it over 
bituminous coal, whatever other advantages it may possess for domestic 
and metallurigical purposes. One main reason why Welsh Anthracite 
has not been extensively used is, it may be inferred, because it is a more 
compact substance than American Anthracite.

This explains why the application of the ordinary formula (Dulong’s) 
to a simple chemical analysis of fuel was often far from giving even an 
approximation to its industrial value ; and if faulty when applied to coal, 
it should never be, although it commonly is, applied to hydro-carbons. 
It is probable that Dulong's formula is based on carbon as a solid, and 
hydrogen as a gas, and it is open to question if hydrogen is in a
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gaseous state when combined with coal, so that the formula is untrust­
worthy for both constants used. Hence the necessity for such practical 
tests as those carried out by Mr. Clement, who it is hoped will tell 
more about the typo of spray-jet used, and its actual location, about 
the boiler, the shape and sise of furnace, and, if possible, the tempera­
ture of the escaping products of combustion in the smoke-box ; also if 
any part of the furnace—especially that on which spray and flame 
would impinge—were faced with fire-brick ; and lastly, the amount of 
air supplied to the furnace ; as the total absence of smoke, and the 
lower steam pressure obtained when oil was burnt—when compared 
with other petroleum experiments—lead to the inference that an exces­
sive supply of air was admitted, that it was cold, and perhaps admitted 
close to furnace sheets, or perhaps that the temperature of the steam 
passing through the injection jet was too low to produce the maximum 
effect.

Certainly oil fuel had the poorest effect on the Piedmont, with a low- 
pressure steam jet to feed the oil into the furnace ; and there can be no 
doubt that the mechanical work done in giving motion to -he oil and 
changing it into spray would further condense the steam, so that it 
would enter the furnace as a vapour, not as a gas. It is because 
work is performed by the jet, that tuper-hented steam for injection gives 
a better result, not only with hydro-carbons, but with dust fuel also.

Mr. Barnett next described the injector or spray-jet as used by Mr. 
T. Urquhart. (A copy of his drawing is appended to this paper, 
see Plato VII. C.) It is practically the standard apparatus for 
delivering fluid fuel in Southern Russia, not only in locomotive and 
stationary service, but also in the steamships plying to and from its 
ports. In such an i astrument there is the least possibility of carbon 
solidifying to coke end choking the mouth of the nozzle. In most 
other forms of spray nozzles it is at times necessary that the oil flow 
should be out off and steam at full pressure turned through the oil 
passage, with the object of clearing it by blowing out all collected 
impurities.

The practice usually followed in raising steam from cold water, if 
pressure cannot be borrowed from a companion boiler to work the spray 
injector, is to light a wood fire in the furnace, which is kept going until 
steam of just sufficient pressure to start the injector is developed, after 
which the wood fire is dispensed with. Many engine houses are now 
equipped with a continuous steam pipe having suitable branches and 
couplings to all stills, so that if one boiler is alive any or all others using 
fluid fuel can be raised from cold water to a full head of steam in 
twenty minutes, while it ordinarily occupying two hours to do this with 
bituminous coal unassisted.
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The use of fluid fuel—whatever types of injectors were used—did 
not prove a success until the surface upon which spray was thrown was 
lined with fire-brick ; and better results have followed the use of a com­
bustion chamber (within the furnace) whose sides, top, bottom, and one 
end are all of refractory material. This also has been improved upon 
by freely perforating the chamber walls with air passages, so that not 
only is the supply of air liberal in amount and well distributed, but its 
temperature is raised before meeting the oil-spray ; an incidental advan­
tage is, that the life of toe fire-brick is materially lengthened. The 
later and more perfect chamber, as used by Mr. Urquhart in a locomo­
tive, is shewn on Plate VII C, the major part of the structure being 
carried in what was originally the ash-pan, the air inlet» being controlled 
by its damper doors. The injector is located below the foundation ring 
of furnace.

The ri.-k in steamship service—resulting from the formation of ex­
plosive gases at comparatively low temperatures in the bunkers carrying 
the stored fuel—is practically nil where (as in the boats of the Caspian 
Sea and the Sea of Azof) refuse from the refining still is used. And 
it should not be forgotten that the injector shown on Plate VII. C. is, 
with the one hundred and forty locomotives of the Grazi and 
Tsuritsin Railway, used exclusively in feeding this safe fuel.

It is not easy to answer the question, “ are further economies in the 
burning of fluid fuel possible 1 " laboratory experiment not having set­
tled the theoretical or ultimate thermal value of fuel in this favourable 
condition, it cannot be said how near to this limit present practice has 
attained ; but the inference, drawn from a comparison of many experi­
ments, is that as yet the goal is afar off.

To illustrate the use of crude petroleum for the reduction of metal 
nnd ore Mr. Barnett quoted from Mr. W. K. McClees, Secretary of the 
Poughkeepsie Iron and Steel Co. ; “We have two deoxidizers, each over 
a puddling furnace. * * * They were filled with pulverized magnetic ore 
and pulverized charcoal. * * * As it requires about twelve hours to 
deoxidize the ore, the furnaces were both charged with scrap-iron, in 
order to get the heat utilized, and make bar while waiting on the ore. 
The petroleum was turned on from a half inch pipe which entered a 
blast tuyère, anatomizing the oil completely as it entered the combus­
tion chamber of the furnace. A half shovelful of burning charcoal 
ignited it in ten seconds after entering, when a blast near by carried 
the flame over the bridge upon the mm, passing on through the deoxi­
dizer, then through the boiler. The rapidity of the melting of scrap 
astonished old iron-makers, and the quality of the bar, considering the 
quality of the scrap, was also astonishing."
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This favourable result no doubt can be excelled i(' the fuel is converted 
into cas in a separate retort, and delivered into combust ion chamber 
mixed with hot air.

Mr. T. B. Brown remarked there is no doubt of the possibility of Mr Brown 
using liquid fuel on steamships, as in the instances mentioned in the 
paper just read, the B1 ck Sea steamers, and Mr. Tarlmtt’s experi­
ments on the “ Himalaya" and “Flora.” Shipping men have been 
much interested in this quest ton, and I have seen very exhaustive 
reports from the consulting engineers of some of the large steamship 
lines.

The chief attractions of liquid fuel are its greater specific gravity as 
compared with coal, and consequent saving of ci rgo space ; its higher 
evaporating power—requiring less oil than coal lor u given quantity of 
work—and the great economy in the stoke trade—by the doing away 
with stokers—who would be replaced by an attendant. But the use of 
oil fuel requires that it shall be obtainable at a certain price, and every­
where where coal is, if it is to compete. No sane steamship owner would 
dream of liquid fuel if there was a prospect that his supply might run 
out and no means of replenishing at hand. The Black Sea steamers 
running in the oil trade are not a criterion of general trades.

Special arrangements of furnaces, steam injectors, and full pumps 
are required ; also an auxiliary boiler to get up steam in the first in­
stance, and a distilling apparatus to replace the fresh water exhausted 
by injector, in order to counteract the increased tendency to scale.

Another objection to oil fuel is fear of explosion, and this alarm is 
strongly entrenched in the commercial mind.

Probably the ballast tanks could in some degree be adopted for stor­
age, and the oil being heavier than water would, in most cases of leakage, 
be covered with water ; still the presence of the danger is felt, especially 
in passenger steamers.

And lastly, the price of oil must be greatly reduced before it can 
compete seriously with coal. At present, in the U. K., a ton of oil 
costs twice as much as a ton of best coal, and this disparity would be 
greatly increased as the steamer got farther from the oil centres.

Steamship men realize that liquid fuel is one of the possibilities of 
the future, but not sufficiently imminent to cause any anxiety as to the 
depreciation of their property by its sudden adoption.

The paper gives interesting and valuable facts ns to the use of Mr. Heaihaw. 

petroleum oil on the Pacific coast, but they scarcely afford sufficient 
data for general use. The discussion has so far shewn that it is much 
superior to coal for industrial purposes, particularly where it is desir­
able to maintain a regular temperature, as in smelting, etc. It saves
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labour in handling, and space in storing ; is cleaner, and avoids much 
cost and inconvenience in getting rid of the products of combustion- 
The various appliances for its consumption are so simple that there is 
little margin for improvement, economically speaking, so that, on the 
whole, the chief points regarding its adoption may be reduced to the 
questions of safety and cost. Its chief danger arises from liability to 
explosion from generation of gas, but there would seem to be no diffi­
culty in contriving tanks that would be perfectly safe. Another dan­
ger is the effect of its strong odour upon delicate goods, as in a ship’s 
cargo, but this also can be obviated.

The cost of its handling, storage, and use, compares very favourably 
with that of coal. So far the balance between oil and coal seems deci­
dedly in favour of the former, and the question becomes one of first cost.

Here the evidence of Mr. Blackwell and others, is to the effect that at 
a certain cost, it has been found unprofitable, and the opinion has been 
expressed that in order to be profitable it should not cost over 2$ cents per 
gallon, at the current rate of coal. But it was shewn that oil is now to 
be had at 60 or 70 cents a barrel, equal to 1J to If cents per gallon. 
Now, if this price is maintained, the question appears to be settled. 
But will it he maintained ?

It is known that two great monopolies control the oil interest, The 
Standard Oil Co. in the Western Continent, and the Nobel in the 
Eastern. How this difficulty is to be overcome it is hard to say. No one 
can be blind to the fact that the present tendency in commercial and 
industrial matters is towards concentration of capital, and the extinction 
of small capitalists. The Inter-state Law unquestionably owes its exist­
ence to a desire to combat this tendency, but more than this is necessary 
if the spread of socialism ard anarchy, which this concentration provo­
kes and fosters is to be prevented. For engineers, however, these facts 
seem to point to the necessity of fire-boxes and furnaces which can, 
without difficulty, be quickly conv-rted from oil burning to coal burning 
purposes, for without such a precaution there seems little likelihood 
of the use of oil as a fuel becoming general, for a very long time at 
hast.
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JOHN KENNEDY, Vice President, in the Chair.
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Edwin Gilpin, Jr.
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William Caldwell Mitchell. 
Edwin Gilpin Millidoe. 
Robert Fitzgerald Uniackk. 
Louis André Vallée.
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Frederick William Cowie, B.A.Sc.

Associate. .

Georoe Lawson, Ph.D., L.L.D.
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Jean Leon Côté. Frederick Lton Fellowes.
Herbert William Archer Kiloour.

Paper No. 9.

THE WORKS ON THE RIVER MISSOURI AT ST. JOSEPH 

By H. H. Killaly, M. Can. Soc. C.E.
The works which form the subject of these notes were undertaken in 

connection with u bridge, which was, at the same time, being built across 
the Missouri River, at St. Joseph, Missouri.

A general description of the latter, as to location, etc., is necessary to 
explain the circumstances under which the former were undertaken.

These works were built under authority of an “ Act of Congress,'' 
approved March 5th, 1872 ; and entitled : “ An Act to authorize the 
“ construction of a bridge across the Missouri River, at or near St. Jo- 
“ sepli, Missouri." In this Act it is stated “ that the corporation build- 
" ing said bridge may, if not unauthorized by the provisions of its 
“ charter of incorporation, enter upon the banks of said river, either 
“ above or below the point of the location of said bridge for a distance 
** of seven miles ; and erect and maintain break-waters ; or use sueh other 
“ means as may be necessary to make a channel for said river ; and
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“ confine the flow of the water to a permanent channel ; and to do what- 
“ ever may be necessary to accomplish said object ; but shall not im- 
“ pede or obstruct the navigation of the said river ; and all plans for 
“ such works or erections upon the banks of the river shall first be sub- 
“ milled to the Secretary of War for his approval.

“ This Act also provides that the bridge, at the option of the corpo­
ration building the same, may be built as a drawbridge, with a pivot 
“ or other form of draw, or with unbroken continuous spans ; provided,
“ that if the same shall be made of unbroken continuous spans, it shall 
“ not be of less elevation in any case than fifty (50) feet above extreme 
“ high-water mark, nor shall the spans of said bridge be less than three 
“ hundred and fifty (350) feet in length. That if a bridge shall be 
“ built under this Act, as a drawbridge, the same shall be constructed 
“ as a pivot drawbridge, with a draw over the main channel at an 
“ accessible and navigable point ; and with spans of not less than one 
“ hundred and sixty (160) feet in length in the clear on each side of the 
“ central or pivot pier of the draw, and the next adjoining spans to the 
“ draw shall not be less than two hundred and fifty (250) feet, and 
“ said spans shall not be less than thirty (30) above low water mark 
“ and not less than ten feet above high water mark.”

In selecting a location for the bridge much scope was not allowed to 
the engineer, as the terms of his instructions required that the bridge 
be placed within the limits of the corporation of the city of St. Joseph.

These restrictions gave a distance of only about 2J miles, in which 
to select the best location for the bridge. More extensive surveys were, 
however, required in order to obtain a knowledge of the river, with a 
view to controlling its movements and compelling it to follow a permanent 
course through the bridge. Within the above described limits, soundings, 
and borings to rock, were made upon several trial lines, and finally a 
location was selected, on the east side of the city, within the corporation 
boundary, and at a point where, in the opinion of the chief engineer, a 
bridge could be constructed more economically than at any other point 
within the fixed limits, and where it was considered that the natural 
formation of the river offered greater facilities than at any other point 
in the neighbourhood or within a distance of some miles.

The location of the bridge was fixed at this point for the following 
reasons :—

1st. That the channel, both at high or low water, was narrower 
than at ary other point.

2nd. That the bed rock was found at a less depth than elsewhere ; 
and in very regular form, varying from 45-ft. to 48-ft. below ordinary 
water.
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3rd. That the permanency of the banks was greater than at any other 
point embraced in that portion of the river surveyed in connection with 
this work.

4th. That at this point the channel had, for a great many years, 
followed the same course, hugging the east bank, and unaffected by the 
many changes taking place in the stretch of the river above. The width 
of channel at the site chosen for the bridge, was, at ordinary high 
water, only 1500 It, and at ordinary low water, 350 ft. ; the depth at 
low water being from 15-ft. to -0-lt.

The treacherous nature of the Missouri “ bottom,” together with the 
constant chances which occur in the channel, rendered it necessary that 
the piers should be placed on the bed rock, and the lowness of the 
banks settled the question of a high or low bridge, in favour of the 
latter.

The masonry of the bridge, as built, consists of one small abutment 
on the east bauk, and 6ve river piers ; the former placed on the top of 
the bank and founded at a depth of 3 feet below the natural surface ; 
the five latter piers built upon inverted caissons, and sunk, during to 
bed rock, at a depth of 45 ft. to 48-ft. below ordinary low water.

The superstructure is of wrought iron, of the form known as the 
“ Pratt Truss,” and carries a “ through ” single line of K.K. track and 
carriage way combined, at a level of 12 feet above the highest water, or 
of 80 feet above bed rock.

The spans are as follows :—East shore span, 80-ft. from centre to 
centre of piers ; pivot draw span, 364 feet over all, giving two openings 
of 160 feet each ; three fixed spans, 300 feet centre to centre of piers.

From the above description of the bridge, it is seen that the total 
width of the natural channel at low water, is only 350 feet ; and the 
whole of this channel is covered by the 364 feet draw-span. The pivot 
pier being placed exactly in the centre of the low water channel, a clear 
opening of 160 feet is given, on either side, for the passage of vessels.

It is evident, therefore, that in order to preserve uninterrupted navi­
gation of the river, the low water channel must be controlled, and com­
pelled to run through the draw span ; the high water channel must also 
be watched, and means taken to prevent a cut-off or any serious change 
taking place. This involves the supervision of the river for some miles 
above the bridge. Equal care is not required below the bridge, where, 
only at one point, can any danger be anticipated. This would occur, 
only in ease of the neck of the main “ bend,” at a distance of 31 miles 
below the bridge, being gradually out away ; a calamity to be feared 
only in the distant future.
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The aceom|iany!ng map shews a portion of the Missouri River, sur­
veyed in connection with the bridge works pro [ter, as well as with the 
woik for the diversion and control of the river in the vicinity of the 
bridge. The length of the river surveyed was in all, about 13$ utiles, 
comprising one complete “ bend," which represents the general character 
of this river for a great portion of its length. The river at this point 
runs through a valley of from four to six miles in width, enclosed by 
ranges of bluffs or rolling, knolly hillsides, of ftom seventy-five to two 
hundred feet in height above the river water.

The bluffs on the Missouri bank are composed of stiff clay, while on 
the Kansas bank, rock crops out at Belmont and VVathena. The clay 
banks, when excavated and exposed to the weather, stand for a long 
time with little change ; this was instanced in St. Joseph, in 1871-73, 
where many streets were graded down to a depth of 30 to 40 feet, 
while the lots, with houses built upon them, were left standing, the 
only means of access to and from the street, being by stairways placed 
in a very nearly vertical position in front of each house. The nature of 
these clay bluffs is such that they are affected but slowly by the action 
of the flood, except in cases where undermining is caused by the wash­
ing out of sand and gravel deposits. In such cases, large slides occur 
at intervals. The current alter striking at the foot of these solid banks, 
at an acute angle, is deflected gradually, and after following the bank 
for some distance, is turned from it, and directed into a course tending 
towards the opposite side of the valley. The “ bottoms," or lands 
situated between the high sides of this valley, are generally formed of 
sandy alluvial deposit, timbered in part with heavy growth of cotton 
wood and other trees. In other parts, the later formation of the deposit 
is indicated by the smaller growth of timber, which gradually dimi­
nishes in site, until upon bars of recent formation a short growth of 
brush, only, is found. In the low ground, however, in front of the 
eastern portion of the city, and for some distance downwards, along 
the Missouri shore, the bank is composed of the toughest sort of clay, 
called “gumbo," in western language. This stands almost vertically 
where wa- .ted by the current, and wears away but slowly.

In sinking pier No. 1 to bed rock at the foot of this bank, sand was 
struck at a depth of 20 feet below low water, and was found to extend 
to bed rock, forming a stratum 25 feet in thickness. This accounts 
for the subsidence of portions of this bank, which occurred during the 
progress of the work. The great changes in the course of the river 
occur at times of flood. Cut-offs occur also at times, caused by the 
wearing of the neck of points formed by the bends of the river. In 
these cases the old channel remains in the form of a “ horse-shoe lake,"
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the ends beooming silted up by wash from the new channel. The fre­
quency with which these horse-shoe lakes are found in following the 
course of the river demonstrates plainly the changes which have taken 
place, and which are to be expected to happen in future.

Through these bottoms, at high water, the river cuts its way, vary, 
ing in width from 1600 to 6500 feet, alternating from bluff to bluff, on 
opposite sides of the river, describing in its course a succession of curves 
and reverse curves, removing sand bars, and placing them in new posi­
tions, rolling them (as it were) down stream, carrying destruction to 
any portion of the bottom lands where it strikes with force, and at 
points where it washes the base or face of hard clay banks wearing them 
slowly away, at times undermining them, and causing slides of large 
dimensions.

At low water the discharge is very much reduced (the proportion be­
tween high water and low water being about as 11: 1), and runs in a 
channel or channels confined for the most part within the high water 
banks, meandering about and cutting out its course in a variety of curves, 
forming figures of more minute pattern than at time of high water.

The river is at its lowest stage during the months of November and 
December. First running ice appears about the middle of November, 
and the river gorges a lew days afterwards. A slight rise frequently 
takes place in Januarv, and between the middle of February and 16th 
of March the ice from above usually runs out, with a rise of from six 
to nine feet. The river continues rising during the months of March, 
April and May. In June and July the highest water occurs, and lasts 
as a rule for six or seven weeks. From the end of July until the end 
of November, the river generally runs out, and reaches its lowest stage 
about the end of the last named month.

Before making mention of levels or heights it is well to explain the 
method adopted in their notation. The highest water in the river, on 
record, was, after much research, established by the sworn testimony of 
parties, who pointed out marks which they had made, and objects which 
they had noted in regard to high water of 1844. By connecting these 
points by levels and comparing their elevations, the correct height was 
established for the flood of 1844. This level of highest water was called 
(in the notation upon all the bridge and river works) 100, as being 
that distance (100 ft.) above an imaginary line which was assumed as 
a datum for all the work.
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Table of Heights.
Highest water on record, 1844, 100-00 above datum

“ “ “ 1871, 92-50 “
« 11 « 1872, 93Ô0 “
“ “ « 1873, 92 50 “

Ordinary low water, 80-00 1
Extraordinary “ 78-00 “
l/ow sand bars, up to 86-00 “
High “ “
-General level of “ bottoms," Kansas,

86 to 96 “
96-00 for 1880 ft. back

ii n „ „ 10000
f beyond 1880' to 

bluff,with ridges

ii ti « Missouri, 10400
(_ slightly higher.

The greatest difference between high and low water was 22 feet.
A profile show ing the record of water gauge kept at the work at St. 

Joseph, and also at Leavenworth, Ka., is attached hereto. In order 
to record the many changes taking place upon the river, notes were 
taken every month and full surveys were made after all great changes. 
These notes were plotted upon the original map, in pencil, and tracings 
made and filed away. By applying any one of these tracings upon the 
original map, the change is distinctly seen ; in the same way, the tra­
cing for any month can be compared with that for any other month, and 
the various changes noted. All these different surveys, if plotted on 
the original map in a permanent manner, would form such confusion 
of lines and colours, that the result would be unintelligible.

The material found in the bed of the river where borings were made, 
generally consisted of sand, with layers and balls of clay, and some 
quicksand ; and subsequently in sinking the piers of the bridge, an oppor­
tunity was afforded for verifying, by sight, the information which had 
been obtained by boring. In most cases a deposit of bouliers, small 
stones, and gravel was found immediately on top of bed rock. In one 
case, at a depth of 34 feet below the river bottom, the remains of brick­
work, and also a bar of railroad U iron were found, proving that scour 
had taken place to that depth.

The fall in the water surface of the river was established by careful 
levels taken at different stages. At stage of 86, in a distance of 4-70 
miles, the fall was found to be 4‘37 feet, or 0 93 feet per mile, at low 
water 0'80 feet per mile. During the running of the ice, and at time 
of highest water, no satisfactory levels could be obtained. The changes 
were so rapid between the level of 86 and 92, that it was found impos- 
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»ible to get accurate résulta. The rate of current, as found by experi­
ments with floats, at different stages of the river, varied rrom 2J miles 
to 3$ miles per hour, at stage of 92. The calculated rate of current 
at stage of 100-0 is 4§ miles per hour.

At times of flood, in, places, the current is greatly increased by gor­
ges breaking loose ; so much so, that steamers sometimes find it difficult 
to stem the stream in getting around the bends.

The following table shows the sectional area, velocity and discharge 
at several stages of the river:—

Table or Discharge.

Stage Sectional
Fall. Velocity.

Discharge
Remarks.of

Water.
Area.

Per foot. Per Ft. p.sec.
Miles
per

hour.

per sec. 
cub. ft.

78
Sq. feet. 

5355
Feet.

.0001515
Feet.
0-80 3*65 2-49 19545 By float.

80 6205 .0001649 0-87 3*94 2-69 24448 Calculation.
86 13095 .0001761 0-93 3-81 2-60 49892 By float.
92 21975 .0001809 0-96 5-50 3-75 120863 By float.

100
Gorge.

/ 33175
X 7200

.0001860 0*98 6-36
1*0
9-88

4-34
0-68
6-74

210993 I 
7100 f

Calculation.

The nature of the material in the Missouri “ bottom,” is shewn in the 
following table, and is all formed by deposits from the river.

No. of 
Sample Description. Weight.

No. 1.

lbs. per 
cub I t.

611
74

3-ins. 
cube 

lbs. oz. 
0 15L

Same, shaken down, microscopic grains of sand i -4’

“ 2 Two feet from surface, 4" thick. Clay, organic

00
 -a 1 2i6

1 U

“ 3

*• 4

Next stratum, 2" thick ; little organic matter.

1 Me

Next stratum, 6" thick ; sand nearly as fine as 
No. 1.................................................................. 67 i oH

1 344Same, shaken down.............................................. 811
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No. of 
Sample Description. Weight.

lbs. per. P.3" cb
cub. ft. lbs. oa.

No. 5 Stratum, 1" thick, similar to No. 1..................... 64 1 0
Same, shaken down............................................... 81* i

« 8 Seven feet from surface, clean sand crystals, as
fine as in No. 4, some loam ......................... 86 1 5*

Same, shaken down...................... ....................... 97 1 8*

Sand from pit on East side ; coarse, with small
fragments of lignite and gravel...................... 97 t 8*

Same, shaken down................... ........................... 109* 1 lift

Sand from pit East bar ...................................... 103* 1 7»
113* 1 9*

Drifting sand from East bar................................ 94 1 7*
Same, shaken down................................................ 108 1 11

The sediment carried in suspension in the river was examined and 
was found to consist chiefly of sand in the following quantities, taken 
from different localities. The amount of water in all cases was a 
gallon.

Weights. Weight per cub. In.

Remarks.
Filtrate. Filter. Sediment. Loose. Pressed.

g. mill’g g. mill’g. g. mill’g. «■ g. mill’g.
47-360 16-200 32-160 22 25-970 Surface of channel.
21-150 7-250 14-900 22 25-970 «
40-600 15-25 25-350 22 25-970 «
43-400 7-500 35-900 22 25-970 Bottom at bridge.

108-310= 27-0775 M’n Water per gal. ==lojJL? cub. uu
!»«g"x8- 2324=6-49 75 Cub. In. in one cub. foot of water.

The discharge of sediment is as follows :
At low water, 78' cub ft. per sec. 73 5 or cub. yds. per 24 h., 235200 
« med. « 86- » “ 187 32 “ “ 599424
“ high “ 100' “ “ 820 43 “ “ 2625376
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From the above figures it is not difficult to account for the formation 
of bars in slack water, independent of the shifting of the sand.

The bridge, as well as the river works, were designed by Col. E. I). 
Mason, engineer in chief, and were carried out under his supervision. 
The survey was commenced February 1st, 1871, and completed 15th 
of March following. Upon the accompanying map arc shewn the lines 
of the centres of the low water channels, as located after all great chan­
ges. The exact form of the channel and bars, immediately before the 
commencement of the work (Sept. 27th, 1871), is distinguished by 
right line shading of the Bars, while the changes effected by these 
works are shewn by the water lines of the general map which was 
made from surveys in September and October, 1872.

Until the location of the bridge had been made, the chief engineer 
was unable to decide definitely upon the plan for controlling the river 
above the bridge. To this subject he gave much of his time ; watching 
the working of the river during the high water, and making experi­
ments upon the sand bars as soon as they began to appear, upon the 
subsiding of the river. On small water courses he built dykes formed 
of the smallest brush loaded with sand, and noted minutely the effects 
produced by the current. In this manner he succeeded in turning the 
miniature rivers, and in making them run as he willed. Encouraged 
by his success in these experiments, he determined to apply the same 
means in undertaking to divert the existing channel from the course 
which it then followed, along the Kansas shore ; and to force it, in 
course of time, to run along the Eastern shore and follow the high 
water bank in front of the city of St. Jo, thus securing a permanent 
and direct approach to the draw span, as located. In adopting this 
course he was attempting only to force the river to run in an old, 
natural channel which had been deserted by the river and filled in 
with sand. Much damage had been done, in previous years, along the 
frontage of the city, by floods washing away the clay bank ; and the city 
suffered to great extent in loss of valuable buildings. In fact the prin­
cipal business part of the city had been either destroyed, or was liable 
to be destroyed, at any time of high water.

To prevent further encroachments of the river, many years ago, 
works were undertaken for the protection of the bank in front of the 
city. These proved successful. They consisted of a number of groins 
built out from shore, for a short distance, and forming an acute angle 
with the current. At each of these groins the current was slightly 
deflected, and thus gradually forced to follow the bend of the shore.
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From what could be seen of these old works, they appeared to bo 
formed of heavy piles driven near the foot of the slope of bank, the 
space behind being filled with stone and brush ; they were, however, so 
completely embedded in the sand, that it was impossible to see exactly 
how they were constructed. This form of protection by groins had 
been considered with some favour by the chief engineer ; but when it 
was decided to force the current to the east bank it was abandoned 
and another plan adopted and finally carried out. This comprised the 
building of two principal dykes : one to act in turning the channel, 
causing it to cross from the Kansas shore to the Missouri side, there 
to follow the cast bank, and in a straight course, to pass through tho 
draw-span of the bridge ; the second to act as a shore protection on 
the Kansas side, for a short distance above the bridge.

B»VCHMT vvATfs—lati^--------------------unjM. arte wra ittt.

■MLUWJt

urn Mois«•met

{WHWBW

DYKBIAS DESIGNED. DYKE AS BUILT.
When these dykes were designed it was assumed that undermining 

would take place ; and they were proportioned in a manner which was 
considered would give them sufficient tenacity to hold together, while 
they conformed to any slope which might be caused by undermining, 
and without much risk of being overturned. For this reason they 
were given a wide base, a sloping face and a top load of stone placed 
so that its centre of gravity was thrown as far back as possible. The 
base was made 60 ft., the face sloping back so as to give a width of 
from 24 ft. to 30 ft. on top. The back was carried up vertically. The 
heights varied : in deepest water the height to top of the brush was 25 
ft. The depth of channel at low water is taken at 20-ft. Bed rock 
was found at a depth of about 45 ft. below low water ; upon the bed 
rock there was a bed of boulders of 5 ft. in thickness; and on top of 
the boulders, a stratum of clay also of 5 ft. Scour would not take
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place below the top of the clay. The scour would therefore he restricted 
to a depth of 15 ft. below the bottom of the channel. When the brush 
was placed in water less than 20-ft. in depth, and sunk nearly to the 
bottom, it was considered that scour would take place during the process 
of sinking; and that the sand would be washed out to, probably, the 
full depth of the channel. These assumptions were based upon the 
results of experiments made on a small scale.

Two sketches sh jwing cross sections of the dykes are hereto attached : 
—one shewing the position of the dyke, as built and placed upon the 
bottom without scour, the other shewing the position which the dyke 
was assumed to take, under a scour of about 15 ft., and which it did, 
eventually, in most cases, take.

The work upon the dykes was commenced Sept. 27, 1871, the 
stage of river being ordinary low water. The position of the different 
dykes is shewn upon the map, numbered in order in which they were 
commenced ; No. 4 was designed to turn the channel. Before com­
mencing to build this dyke it was thought expedient to reduce the 
current in the channel, across which this dyke was to be built. For 
this purpose dams were built across two small channels ; thus connect­
ing two dry sand bars with the main shore, and excluding a large flow 
of water.

From the head of the outer of these bars, a dyke, No. 3, was 
commenced and built downwards and slightly outwards; and, as the 
work progressed, slowly closed the upper end of the steamboat channel, 
across which the main dyke, No. 4, was at the same time being built, 
at a distance below of 2,300 ft. The dams Nos. 1 and 2 being required 
only for temporary service, were built of small trees and brush, held in 
place while sinking by small piles driven by hand, and loaded with 
sand at an elevation of about 2 feet over ordinary low water. Dyke 
No. 3 was built in the same manner, and was extended, eventually, for 
a distance of nearly 800 feet, crossing almost entirely the steamboat 
channel which at this point was 600 feet in width, with rapid current 
and water from 8 to 12 feet in depth. This dyke, although intended 
only for temporary purposes, was the means before long, of causing a 
total change in the low water channel, forcing it out of its course along 
the Kansas shore and throwing it eastward, forming a deep channel 
through the centre of the other existing and shallow channel. Dyke 
No. 4 was commenced shortly after the darns above described, and was 
carried on at the same time as No. 3. This dyke being intended to act 
permanently as a means of directing the river, was built in a more 
solid manner than the structures already described. The form of cross- 
section of this dyke has been already described. The embankment was
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formed of alternate courses of trees and brush laid crosswise, and of 
poles laid lengthwise, so as to break joint. The courses of trees and 
brush were about 3-ft. 6-ins, and the courses of poles from 1J to 2 feet 
in depth. The bottom and top courses were always formed of trees 
and brush laid crosswise. The trees varied in length from 30 to 60 
feet, according to their position in the bank, the whole width being 
always made with trees of the proper length. They were trimmed by 
having their branches lopped so as to lie dose to the stem ; or the bran­
ches were cut off entirely for 20 or 30 feet from the butts according to 
the length of the tree. The loose branches were placed among the tops, 
and interwoven with them. Over this brush bank was placed a pile 
of stone 18-ft. in width, and 3 feet in depth, the rear line of the pile 
being placed 3 feet inwards from the line of the butts of the trees. To 
bold the brush in position, while being built and sunk to the bottom, 
stout piles were driven by a floating steam driver, generally to a depth 
of about 14 feet, and spaced at distances of about 10 feet.

Starting from a point on the Kansas shore, nearly opposite to the 
centre of the city of St. Joseph, and running downwards, making an 
angle of about 40 degrees with the centre thread of the stream at high 
water, this dyke was carried across the steamboat channel, the sand 
bar island, and the shallow channel beyond, terminating on a sand 
bar with 2 feet of water on the cast side of this second channel. The 
steamboat channel here is 550 ft. in width with a maximum depth of 20 
feet and current of a little less than four miles per hour. Here a mole 
was built in the same manner as the dykes, to form a finish to the end 
of the dyke.

It was not considered advisable at this time to extend the dyke any 
further, and it was determined to await the effect of the next flood, and 
mark the result. The total length of this dyke is 2,100 feet.

During its construction across the steamboat channel, the area of 
the water way was steadily contracted, and scour took place in propor­
tion to this contraction. The bottom of the cnannel was, in this way, 
scoured to a depth of 25 feet below water. The eastern side of the 
channel was also scoured from the same cause, to such an extent that 
the greater part of the lower end of the sand bar island was cut away, 
as the head of the dyke approached.

About the time when this dyke had been built as far as the island, 
the change in the channel, previously mentioned as having been caused 
by dyke No. 3, took place, and at once relieved the pressure upon 
dyke No. 4, the flow through this channel being now almost stopped, 
by being turned, at the head of the Island, into the centre of the river



60 Killahj on the River Missouri at St. Joseph.

In continuing the dyke across the second channel there was much 
less difficulty in placing the brush. A few piles had been driven with 
the intention of forming a temporary breakwater at No. 7 : this now 
was rendered unnecessary, and work upon it was discontinued.

Work upon dyke No. 4 was completed Feb. 16, 1872. The works 
of “ protection ” were also commenced, on the Kansas shore, at the 
same time as the work above described. These consisted of dykes Nos. 
5 and 6. No. 5 was merely a small dyke placed at a point 1300 feet 
above the bridge, to check the scour which was found to be taking place 
at the time of commencement of No. 6. No. 6, “ Weavers Dyke ” was 
commenced on the shore at a point about nine hundred feet above the 
bridge line, and built for a distance of some nine hundred (900) feet, 
running downwards and outwards, and striking the current at a more 
acute angle than in the case of dyke No. 4. The manner in which this 
dyke was constructed is exactly similar to that of dyke No. 4. This 
dyke was intended to act more as a protection to the existing bank 
than as a means of deflecting the river ; although it served the latter 
purpose to a slight extent. The channel at this point was about 850 
feet in width with depth of 10 to 15 feet; and the current at low water 
was 3j miles per hour. This dyke was completed March 17, 1872, and 
purpose of great service in protecting the bank, and in saving the 
piling, and other false works of the bridge below.

A large quantity of stone, for rip-rapping the shore, had been piled 
along the bank, opposite the rear of this dyke. Nothing was done at 
this time, on the East bank of the river, in the way of protection. 
Beliunce was placed upon the old works which had been built to protect 
the city front.

It is well to note, at present, the changes in the low water channel, 
which had been taking place during the construction of the dykes ; 
during this time the water had been at a low stage, the water at the 
gauge shewing from 81.5 to 84 feet. At this stage of the river, the 
greater part of the bars, standing above the level of low water, were 
visible, and all changes were easily detected.

By the construction of the small dams Nos. 1 and 2, and dyke No. 3, 
the steamboat channel had been turned entirely out of the course 
which it had last established along the Kansas shore ; and the whole flow 
of the river was discharged through one channel of 1000 feet in width, 
with hidden shoals which had rendered itunnavigabb. The additional 
current, caused by the stopping of the principal channel of the river,.
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had the effect of slightly inclining the current of the one remaining 
channel ; and of crowding it from a point some distance above dyke 
No. 3 upon the western face of what is called here the east bar ; 
scouring out the bottom, and, in a short time, forming a deepwater channel 
across the river. This current scoured the west shore of this bar, 
cutting into it and curving to the right as it was gradually deflected in 
that direction. Then, after cutting out a large portion of this bar, 
it deserted the cast side, and ran as if intending to attack the head of 
dyke No. 4 as it then existed, following this course until it felt the 
influence of the lesser current of the water backed up, or retarded, by- 
dyke No. 4 ; it again curved to the east, and made another attack upon 
the cast sand bar, digging into it, and turning suddenly around the 
head of dyke No. 4, made in a direct line for dyke No. 5.

On approaching dyke No. 5, and when within about 500 feet, it 
turned suddenly to the left ; and curving on a radius of about 500 
feet, for a half circle, reversed suddenly, curved to the right on a 
radius of 700 feet and described an are of 120 degrees, passing, on 
a straight course of about 500 feet, through the spot chosen for the 
location of the draw span. The channel followed the same curves, with 
change only caused by the wearing away of the cast bar, until the 
breaking up and running out of the ice on the 21st February, 1872. The 
works were completed not too soon ; the last stone being placed on dyke 
No. 6 on the 17th of the same month. Up to this date no real injury was 
done to the works of protection. At dyke No. 6, however, from the 
constant scouring for a period of two months, the brush had been 
undermined along the exposed face, and had settled on that side, at 
places, to the amount of 25 feet ; the rear line of the dyke was but little 
disturbed.

The form of the channel immediately before the “ break up ” of the 
river is shewn upon the general map by a heavy dotted line. The ice 
in the neighborhood of 8t. Joseph broke up February 21st ; and on 
the 23rd it came down from above with a rush, causing a sudden rise 
in the river to level of 89. For the few hours during which it remained 
at this stage, the flow consisted of a succession of gorges, forming and 
breaking away. The river foamed and hissed. The whole water-way 
was filled with broken ice grinding along the bottom, and pitching and 
tossing on the surface. The water itself was not to be seen, as the 
mass of broken ice, and drift rolled by—forest trees and masses of 
brush, wreckage of all sorts, whirling around, and forced into the air by 
the upward action of the heaving ice. A gorge had broken above. On
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the 24th a gorge occurred, commencing on the east side of the channel, 
a short distance below the line of dyke No. 4. The channel below this 
point was very crooked, and retarded the escape of the gorge. The 
river hurled itself, with great force, against dyke No. 6, and washed 
along its face, increasing the undermining which had been already done. 
In a few hours the whole face of the dyke had been undermined ; the 
channel having scoured out to a depth of thirty-four feet. The dyke 
“ turned over ”11 It rem ined, however, as was expected, and now 
forms a breakwater founded so deep that it is not likely to be disturbed. 
No. 4 was not assaulted in so violent a manner ; and received no 
injury. No. 3, however, suffered, some two hundred feet at the 
lower end having been carried away, and deposited near dyke No. 4.

After a few hours the attack on Weavers Dyke seemed to relax ; the 
current did not strike with equal force, nor in so direct a manner ; and 
it gradually changed, so that the dyke was entirely relieved ; the gorge 
ran out ; and the river dropped to 84. This relief was caused by the 
cutting through by the flood of a bend which had occasioned the 
jamming of the ice and drift.

At the end of April the channel had assumed a tolerably direct 
course, and followed what was nearly a central course between the 
high water banks. The river began to rise May 1st, and from this date 
until September the bars were generally covered. On September 30th 
the river had reached the stage of ordinary low water, and complete 
surveys were made on that date and during the following week. From 
this survey the general map has been drawn. On this plan the action 
of the river is shewn by centre lines of the channels formed from time, 
together with the shore lines of the surveys made immediately before 
the commencement of these works and again in September and October, 
1872.

During the time included between these dates, or a little over one 
year, the low water channel has been turned away from the Kansas 
shore, and forced to follow the opposite, or Missouri shore, for a 
distance of 9000 feet. A small channel has also been formed (by the 
carrying away of a portion of dyke No. 3), from the upper e’>d of the 
works to the head of dyke No. 4, thence to the head of dyke No. 6 ; 
thus forming an island, extending across the whole front of the city, 
over one mile in length and averaging about 600 feet in width. The 
principal channel along the east bank varies in width from 500 to 1500 
feet.

While these new channels had been scouring out, large deposits of 
material had been made. A large bar had been formed on the Kansas
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«idc, extending from the head of dyke No. 6 to nearly the head of 
dyke No. 4 ; thence to dam No 1. A large quantity of sand has also 
been placed at the head of the island just referred to, this extends as 
far up as No. 3 dyke. These changes were of very great extent. A 
large portion of the east bar wan removed by scour during the progress 
of the works upon the river ; hut the bulk of work was done during 
high water.

There was low ground on the east bar at the mouth of Blacksnake 
crock ; on rising over the level of this part of the bar the current rushed 
in and a channel was commenced ; this, as the remainder of the bar 
was submerged, continued to run along the east bank, eventually cutting 
out a channel of from 1500 to 500 feet in width. A portion of the 
cast bar was left in place, and now forms the lower end of the island bar 
in front of the city. The effect of the high water of 1872 was consi­
dered very satisfactory. The dykes had done their duty ; and the 
channel had been compelled, after a stubborn resistance, to move 3000 
feet to the east ; and to follow the Missouri shore.

Under the circumstances then existing, it did not appear necsssary 
that the work should be extended ; and it was also considered prudent 
to await the result of the high water of another year. The work upon 
the bridge was completed in a few more months ; and the staff was 
discharged in May, 1873. No work was done on the dykes during 
these months; and the channel continued to run along the Missouri 
bank.

The changes which were effected in the channel by the action of the 
current, during the construction of the dykes, and up to date, 
^September 30th, 1872, involved the removal of an enormous quantity of 
sand; and also the placing of a quantity equal to 5-6ths of that removed. 
It is natural to suppose that a portion of this deposit was formed with 
material removed from other parts of the work above ; what proportion 
it is impossible to estimate.

Removed from east sand bar : Cub yds. 3,050,000 
Deposited on west sand bar : 1,600,000 

“ Island shoal 900,000
Total deposited in bars 2,400,000 

The total cost of dykes was $58,655.
Cost per cubic yard -î^^-srl.M tents, for material removed. 

^ 3,050000

It is a matter of regret to the writer of these notes, that he is unable 
to give, from personal experience, any later information about the work 
which they describe. He has never visited St. Joseph since the year
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1873. Information has been received, however, in reply to letters 
written to persons who.-c statements can be depended upon.

From these it appears that the low water channel had continued to 
flow along the east bank of the river ; that damage had been done to 
this bank, a short distance above the bridge, at a point where no 
rip-rap had been placed, and extending down to the bridge, causing 
the small shore abutment to slide into the river ; that this was stopped 
by the placing of quantities of rock, by the Kansas City, St. Joseph and 
C. B. It. U. company, and that a new pier was put in ; that a large 
portion of the town front had to be retained by heavy stone dykes, 
buttressing the shore ; it has since been made secure by the con­
duction of a second track of the railway, the material of which was 
mostly rock.

From the above information it would appear, that the fall of the 
shore abutment was caused by want of care in not protecting the 
bank above the bridge works. It would also prove that the river has 
continued to run along the east bank ; no reference being made to any 
injury having been done on the Kansas side of the river. The channel 
also is said to have run constantly through the draw span, up to the 
present, a period of fourteen years. The dykes, therefore, seem to have 
accomplished the end for which they were designed. The protection of 
the east bank, at the time when these river works were completed, was 
a thing to be considi red. It does not appear to have received attention, 
until serious injury tad been done ; and the old works of protection 
of the city front had proved insufficient to withstand the continual 
wear, and the more frequently repeated attacks of the river. There 
is reason, also, to suppose that the works for deflecting the river may 
have been a means of increa’iog the effect of floods upon the east bank.

From the drawings accornp mying this paper Plate VIII has been 
prepared.



DISCUSSION.

The works on the Missouri river, described in Mr. Killaly’s paper, Mr. Henshaw 
possess a far deeper interest to engineers than the mere description of 
the work itself or the progressive results of its construction.

It is one of many experimental efforts made at different points of the 
Mississippi river and its brandies, all of which have a sort of family 
resemblance.

In spite of many imperfections, these structures, for the most part, 
have been the result of scientific thought, and they mark a transition 
state from the iron clad rules of construction, that cramp invention in the 
old world, to the freedom of thought that is growing in the new.
What Buskin has done for architecture, in sweeping away the five 
orders of architecture and reducing them to two, and in pointing 
out the dullness of slavish repetition, however ornate and 
beautiful in mechanical execution, it is much to be desired 
that some eminent man may do for engineering in combating 
the prevailing maxims of what is called correctness of design. Ilis 
task would of course be a more difficult one, since the range of the 
application of the laws of science is wider than those of art; but in 
actual practice, arbitrary instead of scientific rules arc altogether too 
prevalent, and he who steps beyond the lines laid down by authorities 
is apt to be frowned upon as chimerical if not treated absolutely as 
a quack.

The subject of construction on sandy or alluvial soils has long 
engaged the speaker’s attention. During a seven years' residence in the 
north of Europe, he has examined with interest a number of works ; but 
though admiring their massiveness, and the skill shown in their con­
struction, he has always been oppressed by the almost universal sameness 
of idea implied in their design. Smiles tells us that the first engineer 
in England was brought over from Holland, and we find that to the 
present day, when works of the kind we are speaking of are desired, 
people still go over to Holland to study the antiquated structures of 
centuries ago, or their copies. Why ? Because they arc orthodox, the 
work of the old masters ; as if science had not progressed since their 
time, or as if their knowledge of it left nothing valuable to be discov­
ered. The result has been rather to condense and crystallize old 
fossiliferous ideas than to expand into new ones.
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Hence we find the terms permanent and temporary often used in air 
incorrect sense. In engineering, the true meaning of temporary is 
something to be removed when its work is done ; of permanent, that 
which is always to remain and be kept in repair. But we frequently 
hear things called temporary because they arc slightly built or of 
perishable materials, while others are called permanent because they arc 
built solidly of the least perishable material, though, as a matter of fact, 
the former may often outlast the latter. (With all due regard to the 
gentlemen who designed it, a reference may be made, for example, to 
our river dyke which is called temporary, but which it would not 
be a matter of surprise to see reach an age to justify the more imposing 
title.)

More than all, however, the orthodox idea of a permanent work is 
one that is built to stand firm, just where it is placed. In other words, 
man declares war against nature. He builds to oppose, not to accommo­
date himself to it.

He thrusts out his spurs and outworks against the enemy. He cal­
culates the directions and forces of attack, and provides curves, slopes, 
and obstructions to repel or weaken the assault ; and when these fail, he 
sits down foiled or to devise fresh means of defence. All this is of course 
right enough on rocky coasts, where man, if he is to do anything, must 
imitate the action of the natural defences, but he apparently does not 
see that on sandy coasts he must change bis tactics as nature does hers, 
and adopt a policy of conciliation ; he does not seem to realize that 
free nature is a wild thing, restlessly flinging out its forces, impelled by 
laws which are the necessities of its being, which must be satisfied and 
which can be satisfied if we only know how to do it ; in fact, not only 
satisfied, but amicably enlisted on our side as enormously powerful 
auxiliaries.

The works described by Mr. Killaly, though crude and experimental 
in design, and rough in execution, arc an immense advance upon old 
world ideas, and would perhaps have gone further but for the old 
prejudices still lingering in the designer’s mind.

The problem was simply to divert the channel in a direction favorable 
to a proposed bridge, and keep it there ; the difficulties were to establish 
a stable structure, and prevent a flood while barring the existing 
channel.

Now the old orthodox way of going to work would of course be to 
build something solid from the outset, that would stand the rush of the 
river. The line of the dyke being established, the river would probably 
be dredged along its slope, and the dyke advanced in a regular manner 
with apron, etc., complete, the whole to stand finally just as it was 
built.
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But this plan, in view of the enormous movement of sediment by the 
river, would be a very costly operation, quite beyond the means of 
ordinary capitalists. What really was done was to build a dyke with 
the deliberate intention of bavins its face undermined, but with breadth 
enough to secure it in its place until the face had sunk upon the under­
mined bottom and thus form a protection against further erosion, and 
this its elastic construction enabled it, so far as we know, to do very 
effectively.

Here we have a case in which nature was trapped, as it were, into 
taking part in the work.

The transitional condition of this mode of construction is shown, 
however, by the fact, that the work being done, it reverts to the old 
principal of attack and resistance.

But the true principles of construction, to which we are slowly tending, 
will consist in such an alliance with nature as will produce permanency 
by inducing a stable equilibrium between the opposing forces.

To explain how this may be done would take up far too much 
time, and is foreign to the object of the present remarks, which are only 
intended to draw attention to the value of Mr. Killaly's paper, as point­
ing onward to still higher conceptions of what may be done in carrying 
out works on sandy soils.
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MR. T. C. KEEFER, U.M.G., President, in the Chair.
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Associate.
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Students.
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Edward Ernest Stuart Mattice. Allan YVilmot Strong.

Paper 10.
ON THE NECESSITY OF A SCHOOL OF ARTS FOR 

THE DOMINION.
Br C. Baillargé, M.A., M. Can.Soc. C.E.

During a professional career of now nearly 40 years, and of extremely 
varied experience, the author has had abundant opportunity of noticing 
the great and unpardonable ignorance displayed in scores of instances, 
of the simplest rules of the constructive art.

A paper on this subject would no doubt be more appropriately 
read before and discussed by a society of architects instead of engineers ; 
but no definite line can well be drawn between the two, and much may 
be considered common property ; for, while the architect often has to 
be something of an engineer when dealing with foundations built in 
water, the engineer must also often trench upon the domain of the 
architect in the erection of bridges and viaducts, and in such architec­
tural structures as manufactories and mills, pump and engine houses 
for water works and other purposes, light houses, grain and other 
elevators, stores for dockage purposes, railway station buildings and 
the like.
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Hence no apology need be offered for dealing with this subject in 
presence of an assemblage of men who, like the members of the Society 
of Civil Engineers of Canada, must be often called on to design and 
erect structures in which not only have they to be acquainted with the 
ordinary and essential rules of construction, but in many cases also of 
distributive and ornamental architecture. The writer only hopes to 
say enough to persuade our legislators of the federal and local parlia­
ments of the absolute necessity, at this stage of the growth and progress 
of Canada, for the creation of one or more schools of art akin to those 
of Kensington in London, or to those of St. Cyr, Aix and Angers, in 
France, where the rising generation of engineers and architects may 
study and make themselves acquainted with the well known rules which 
should be followed out to prevent disaster and the waste of money, in 
the construction of works unsuited to the purposes intended.

Is there anything more usual, for instance, with a large number of our 
would-be architects and builders, than to be totally ignorant of the fact 
that the strength of a joist or horizontally placed beam is in direct 
ratio to the square of its depth and in the inverse ratio of its length ? 
l)o they even know .the meaning of these terms ? If they do, would 
they not in many thousands of existing cases, instead of adding to the 
breadth of the beam (because it requires no tuition to understand that) 
have increased its depth by only a fraction of the whole ? For, while 
to double the strength of the beam, its depth remaining the same, the 
breadth must be doubled, the same increment of resistance is added to 
it by increasing its depth by only 4 tenths thereof, or little more than a 
third of its vertical height ; to treble the strength, the advantage gained 
is even more marked, as in such case it suffices to add, not the double 
of 4 tenths but little over 7 tenths—73 per cent. ; and to quadruple the 
strength, the depth only has to be doubled, so that a 3 ins. x 17 ins 
joist for instance is as strong as one of 6 ins. x 12 ins. or as two of 
3 ins. x 12 ins., while the increased quantity of timber is but 40 per cent, 
in the one case as against 100 % in the other ; and a 3 ins. x 15 ins. 
joist, with only 25 % more in its cubic contents or board measure, will 
be 60 % stronger than the 3 ins. x 12 ins. timber. Had this rule 
been acted on in the past, how many thousands of dollars worth of 
timber would there not have been saved in the aggregate, and each and 
every one have benefited thereby.

Of course there is a practical limit to thus adding to the depth of a 
beam to increase the strength ; as, in the case of timber, the deeper 
beam must be cut from a larger and more expensive log, and if very 
deep, herringbone bridging or intermediate strutting must be employed 
to preserve the vertieality of the beam and to ensure its lateral stiffness.
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The depth of the floors must not be indefinitely increased, the height 
between floors diminished by so much, or the total elevation of the 
structure added to in a manner to make it more costly or of ungainly 
aspect.

Again, how often is it found on entering even new or comparatively 
new buildings, dwelling houses by the hundreds, stores and factories 
and even public buildings, that all the floors slant towards the centre of 
the building, all the doors, more especially iu partitions running from 
front to rear—less so in the narrower direction between the gable ends 
or party walls,—are on the skew, partly front being forced out of the 
rectangular, partly from having to be eased off by the joiner from time 
to time, to cause them to shut and fit their jambs or frames, the furni­
ture of course following suit, with tables on which a round ruler or pencil 
could not be placed without rolling off, the plastering being cracked 
and broken from the settlement, and the whole defect rendered doubly 
sensible and more intolerable to the eye by its being thrust ou the 
spectator in the evidently inclined lines to which the paperings or 
tapestry were cut to conform to the unhorizontal lines of cornices and. 
skirtings. And all this due to what ? to sheer ignorance of the fact 
that of three points of support, the centre one bears double the weight 
of either of the others when placed half way between them. Now not 
only are the division walls of thousands of buildings not stronger than 
the outer walls, as they should be ; but they are on the contrary not 
half so thick or strong, and worse than all, what is to be found in most 
tenement houses, but a mere partition of light wooden studs and lath 
and plaster with sometimes not even a foundation wall in or below the 
basement floor for this'partition to rest on, or if there be one the 
chances are that it is not on an unyielding foundation. Thus, between 
the sinking into the soil, the crushing of the superposed horizontal 
timbers between the tiers of studs due to the weight of the structure 
and to shrinkage from drying or desiccation, amounting to as much as 
an inch or more in each story, the settlement alludod to occurs, and 
either hundreds or thousands have to be expended in rectifying this 
error of construction, often due to the parsimoniousness and ignorance of 
the proprietor himself, and in total disregard of the advice of his archi­
tect or builder, or the structure remains a crying disgrace and 
reproach to all concerned in its erection and a source of every day discom­
fort and torment, as every tiling unsesthetical generally is to all people 
of fine and cultivated feelings.

But the sagging of a floor between the two or four walls has also to 
be guarded against and for this purpose it often suffices to remembre 
that every joist, as far as possible, or at least every second ot
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alternate one should stretch right through the structure from front 
to rear, and so rest on all three of the walls, the centre one as well as the 
two outer ; that is, on three points of support. The strength of a joist 
is thus doubled, and its tendency to sag at the centre of the vacant space 
reduced by 50 per cent ; its stiffness, as already said, being in the 
inverse ratio of its length ; nor must it be forgotten that when no more 
than two points of support can be had, or the beam is not long enough 
to reach the full depth, then may its rigidity be increased 25% by tho­
roughly sealing it at one end in the wall and by not less than 50% when 
similarly set.led at both ends; not forgetting that whatever weight 
the beam will bear at its centre, it will bear twice the weight uniformly 
distributed throughout its lengih.

Nothing is more difficult than to get a proprietor or even a munici­
pality represented in its city council by illiterate men, to allow an 
engineer or architect to build a retaining wall of sufficient strength, 
sufficiently thick at bottom to hold out as it should do for its natural 
life against the horizontal thrust and overturning tendency of the 
material behind it, often so liquid—nr rather so fluid—when composed 
of quick sand or of earth diluted with water, that it must be assimilated 
in stress to that of water pressure for purposes of calculation.

The author has long found out that it is all false economy, and that 
better be it to design and build any such of a greater rather than a less 
thickness, than be taunted with and thereafter made to feel keenly the 
justness of the reproach of not having done so, and see the structure 
giving way little by little towards the open, first gradually losing its 
b .tter, if any, reaching the vertical, and then in course of time leaning 
forward and finally in from 10 to 20 years threatening destruction, 
while its natural life should have been at least a hundred years or more 
if kept in proper repair. But no matter how thick they may be or how 
well adapted to sustain and resist the thrust, retaining walls will do 
this, owing to other causes to be guarded against ; for example, from 
the effects of frost when not filled in the rear with permeable material, 
as they invariably should be, to allow surface or other waters to pass 
off through weepers below to the street level.

There are other defects to be guarded against, as the bulging out of 
wa Is of certain structures, by the stress of vaults and arches when not 
counteracted either by a proper thickness of wall or by the strength, 
ening thereof by buttresses, or by loading from above by adding to the 
height, or by applying iron ties to counteract the spreading tendency. 
Again it is hardly necessary to speak of the very bad effect of the 
appearance of a corner pier of any building, when as is often the case 
it is made narrower than the intermediate ones between the openings ;



72 Baillargé on a School of Arts.

as in an isolated dwelling louse or otler building, when a narrow 
passage along the gable of the same throws the door so close to the end as 
barely to leave more room between it and the angle than the mere thickness 
of the wall itself, a defect which should not be tolerated. The door 
should be shifted further from the end even at the expense of widening 
the passage, and trenching on the room adjoining, or the less objection­
able mode should be adopted of encroaching a little on the front portion 
of the room, and hiding the defect from the inside by an angular or 
qundrantal projection within the apartment.

There is in human nature an element of aestheticism. Certain 
proportions seem to be innate in our minds, and to exist there, irres­
pective of any tuition of the beautiful. They are, so to say, engraven on 
the retina of the eye and thus rendered indissoluble. Probably this is 
due to the ratios in the human stature. You can notice this whenever 
an illiterate man or child says that such and such a thing does 
not please him, as, for instance, when a building is too heavy, that it 
looks like a man whose head rests almost on his shoulders without the 
interposition of a neck.

We all appreciate the true proportions of a human being, man or 
child or woman. One is said to be too bulky for his height, too short, 
too stumpy, another too tall and slight. We do not like, we can not 
bear to see a waist half way down the body, of which the normal 
height is at say two-thirds from the ground or floor we stand on.

Our clue is taken from this, it is implanted in us by the Creator, and 
hence it seems that without knowing why, there is scarcely anyone who 
does not dislike to see a column, for instance, cut or divided through 
the centre, or an abutting cornice, a plinth course, the head or transom 
of a door or gateway, the impost of an arched opening, or the top or 
bottom of a niche come opposite the centre. On the contrary, if any 
such adjoining feature cuts the column or abuts againts it at just two- 
thirds the height from base, one feels satisfied that the right proportions 
are observed.

Why arc the fillets in the flutings of a column made just one third the 
height of shaft. Try them at one-half the height, and somehow or other 
you will feci not satisfied. Put two such columns side by side, in one of 
which the flutes are filled in to half, the other to one third the height, 
and even the untutored eye will select the latter. Have you ever 
seen a spire, where if the height of angle minarets varies by less 
than than the two-tliirds from the total height of structure, it is pleasing 
to the eye? No; the pinnacle must be one-third the height of the steeple 
or thereabouts, and any attempt to alter it materially is destructive of 
the effect.
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In this way also or due to the same sense, the innate aestheticism 
of our human nature, the fact can be accounted for that a basement 
floor should be some two-thirds of the joint height of the two stories 
above it, and an attic story two-thirds only of the story which it crowns ; 
the attic window also—, the writer does not here allude of course to the 
dormer or so-called attic window in a roof, so much as to what is called 
in classic architecture an attic, that is the upper portion or story of the 
front elevation of a building—or the window in a regular attic story is 
looked for as having to be not one half or one-third the height of the 
windows in the regular stories below it, but almost invariably some 
two-thirds thereof, to be agreeable to the eye.

A door must also be in some way proportionate to the human frame 
when properly attired, having a height from two and a half to three 
times its width, and its width should never approximate to its height.

A room is not satisfactory, it will please no one, not even those who 
arc incapable of knowing why, or of giving expression to their dislike, 
unless its length bears a certain proportion to its breadth, as that 
of 3 to 2 for instance, and, to be agreeable, the height must bear about 
the same ratio to the breadth, as 10 to 12 ft. for a 15 ft. room, 20 ft. 
for a 30 ft. room, and so on in proportion.

What would Mansard say if he could witness the many erroneous 
interpretations of what constitutes the proper proportions of a so called 
Mansard roof? And in dome construct on why depart so widely from 
the beautiful proportions of the Invalides at Paris ?

Try it and vary it as you will, the tower or the steeple must make 
some approach towards the one-third rule laid down of breadth of portal. 
Make it much broader and it will not suit, nor can it be much narrower. 
In the same way as the breadth of spire must conform to that of 
the church façade, so must the projecting or recessed central portion of 
any front elevation of a building, that is, the part fronting towards a 
street, or even on an inner court, hold some relationship, some near 
approach, to this same ratio of 1 and 2 to 3.

The odd unit is essential in almost every case. Do we not always 
have an opening, door or window, gateway or the like exactly on the 
central axis of a building ? Is it not natural to do so in all cases, 
and even in a bridge or viaduct, do we not always seek if possible 
to have a central span instead of a pier right in the middle of a river or 
a thoroughfare ?

There are defects of space which may be remedied by optical illusion. 
If a façade be necessarily too low, avoid the too oft repeated horizontal 
lines of projecting cornices and belt courses, but rather do the contrary
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and throw it into vertical line-, which have the effect of adding mate­
rially to the height. The vertical flutings of a column have this effect 
where any horizontal division of the shaft, any spirally twined orna­
ment around it has the contrary effect.

Nor must we forget to observe the natural in all we do. Not only 
must a post or column be stout and strong enough to support a struc­
ture, but it must appear to be so. When the material for instance is 
iron, it should be known to be such, and should be painted in such a 
way as to show its character, instead of being made to look like wood 
or stone thus creating anxiety and doubt as to the adequacy of its size. 
How often do we not see this elementary rule of architectural ethics 
outraged by the disguising of true material under a coat of imitation 
stone or marble ,where such material reduced to so narrow a breadth 
would be obviously inadequate to sustain the weight or even to be self 
supporting.

Gentlemen, we want a school of arts, or more than one, in which our 
youth may be cducuted to the necessity of all these observances, and the 
thousands of dollars lavished in making good the defects of construc­
tion alluded to, would ere this have paid for many such institutions and 
maintained them on a permanent and continuous footing.

As to the sanitary question, made up of drainage, light, ventilation, 
and heating, we are now pretty well off for Canadian and other perio­
dicals dealing with the subject, and it may be merely remarked, that 
there seems no reason why some mode should not be devised for adding 
to our comfort by cooling the inner air in summer in addition to heating 
it in during cold weather.

For, in the same way that the colder outer air is heated on its way to 
the interior of a building by being passed over heated pipes, could 
this outer air, when too warm to suit the human system, be cooled down 
by passing it over the same pipes then filled with iced water instead 
of hot, or directly over a bed or stratum of ice ; and how efficient this 
would prove is evidenced by the fact which many may have often 
noticed, that when on a warm day a breeze or current of air reaches 
one in the open air after passing over the ordinary uncovered ice cart— 
as we have them in Quebec—the decrease in temperature or coolness of 
the breeze is most marked and agreeable.

The air can be cooled in other ways as it always is in summer 
during rainy weather or even during the merest shower, by following 
the same process, imitating nature in an artificial sprinkling kept up 
during the hotter hours of the day—or better still when it can be affor
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ded—by artificial rain arounl the house or opposite a door or window 
(one or more). Water may be conducted through a pipe under suffi­
cient pressure to roof level, the pipe being perforated along its length 
like the sprinkler of a watering cart, so that it may distribute its con­
tenta over so much of the caves as to suit the purposes required.

As to fire proofing, the subject is most pertinent, and it is satisfactory 
to see that a very free use is beginning to be made of iron joists and 
concrete floors ; nor can we reasonably hope for much more than this, 
with brick partitions instead of wood and lath and plaster ones, as no 
one will ever consent to dwell or even pass his office hours within a 
building entirely of stone and brick and iron. No one will put up with 
any such permanent and continuous discomfort for the sake of an even­
tuality which may never occur, or not frequently enough to warrant 
the expense of iron floors, stairs, doors, window sashes and their trim­
mings, surrounding one with their chilling influences.

Perhaps the most portentous question of all now a days is that of the 
possibility of escape from a building in case of fire, which has been 
recently dealt with in a paper by the speaker before the Royal Society 
of Canada. It is the duty of everyone to use his endeavours to compel 
the Legislature to step in and enforce the erection of fireproof buildings 
for hotels, theatres, colleges, asylums, manufactories and the like, or 
at all events to render universal the use of iron joists, with concrete 
between them, together with brick partition walls, and the provision of 
some thoroughly practical and efficient mode of escape in case of fire, a 
social and humanitarian proposition of the first importance.

Gentlemen, at this stage in our country's growth and progress, there 
is no necessity to go abroad for hints or help. The Dominion is now 

■old enough as to be self sufficien, in the building line at least. Montreal 
can now manufacture almost anything from a needle to an anchor, as 
the saying is. The several cities and towns in the Dominion have 
their engineers and architects equal to all and every emergency ; and if 
any one city has not its due proportion of capacity in this respect, it 
can get it from a sister town of the Dominion.

Is it necessary to allude to aught else than our inland system of water 
communication ? It is not merely equal but superior to anything in the 
old world. Our Canadian engineers have not been slow to frame their 
minds, their conceptions and their works on the same vast scale on 
which our inland waters were presented to them.

It is then time that we should have men educated here in full 
view of the difficulties of our climate, and whose minds could mature 
schemes proportionate to the scale of our vast inter-oceanic Dominion.
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This can be done, gentlemen, first by a tuition in a school of arts and 
design, and next by an apprenticeship to a Canadian engineer of high 
standing in active and varied practice like many of those who have 
honoured me this evening with their presence.

x
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1st December, 1888.

T. C. KEEFER, C.M.G., President, in the Chair.

Paper 11.
THE QUEBEC HARBOUR IMPROVEMENTS.

By St. George Boswell, B.A.Sc., M.Can.Soc.C.E.
These improvements consist essentially, in the construction of a wet 

dock and tidal harbour, on the foreshore, at the mouth of the River St- 
Charles, and in the construction of a graving or dry dock at St. Joseph, 
on the Levis side of the St. Lawrence.

The Tidal Harbour and Wet Dock.—The general plan, Plate 12 
shows the relative position of what, in the following description, will be 
designated as the Louise Embankment, the Cross-Wall, and the South 
Wall, which works, taken as a whole, form the tidal harbour and wet 
dock.

The Louise Embankment (Plate 12)__This work consists essen­
tially of an embankment 330 feet wide at coping level, formed on the 
natural foreshore, at the mouth of the River St. Charles, by the deposi­
tion of dredged materials between two retaining walls.

The dredged materials forming this embankment were originally 
intended to have been retained, on the north side, by a stone pitching, 
having a slope of 1£ to 1. To hold in the toe of this slope, a line of 
cribwork 6 feet high and 9 feet wide was placed in position along the 
line of the toe of slope. It was, however, subsequently decided to 
abandon the pitched slope, principally on account of the danger of 
damage by ice, and to substitute for it a line of cribwork carried up 
to coping level.

As the cribwork already placed in position was too narrow to admit 
of its being carried up to coping level, without some additional support, 
it was decided to introduce counterforts in the superstructure! cribwork, 
the maiu crib remaining the same width as the substructure, viz., 9 
feet, with a face batter of 1 in 24. The counterforts were 10 feet 
wide and 15 feet deep, and were placed 30 feet centre to centre.

This cribwork is of the ordinary open kind, the longitudinals and 
cross-ties being merely placed over each other at right angles, and 
bolted at their intersection ; the cross-ties being notched out 1J inches 
to receive the longitudinals. To fill the space in the face of the crib 
not occupied by longitudinals, and thus form a solid face, what is
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locally known as an entremise filling piece is used. The heads of the 
cross-ties are dove-tailed with a square shoulder ; and the entremise, 
which is 8 or 9 inches thick, is fitted in between them, the two ends of 
the entremise being cut to fit the dove-tails on the cross-ties.

The method of construction is shown in Fig. 3. (Plate 9). All 
exposed timbers are of white pine, while those under water or buried in 
the filling are of hemlock. This cribwork was partially filled with large 
rubble stone to give weight, and has withstood the pressure of the 
embankment without any change of line. The greater portion of the 
above mentioned cribwork was built in situ.

The retaining wall on the south face of the embankment, for the first 
1,240 feet in length west from the old Ballast wharf, being the quay 
wall of the tidal harbour, was constructed as shown in Fig. 0, Plate 10.

A trench having a bottom width of 45 feet was first dredged to a 
depth of 24 feet below low water, for a distance of 1,240 feet. In 
the trench thus formed, cribwork blocks were then sunk, and filled 
with concrete backed up with large rubble stone and clayey materials. 
To complete the tidal harbour quay wall up to coping level, a concrete 
wall faced with masonry was constructed on this substructure.

The cribwork blocks forming part of the substructure of the tidal 
harbour wall differ considerably in their design from those generally 
constructed for ordinary purposes, such as wharf building, &o. They 
were not, however, intended so much to form a permanent portion of 
the wall as to act as moulds for the concrete while settling, and they 
were consequently designed with this object as the chief one to be 
attained. To construct an efficient concrete wall, it was necessary that 
there should be as few timbers running through the concrete as practi­
cable, so that the concrete should form as nearly as possible one solid 
prism or monolith for the entire length of the wall. To accomplish this, 
the crib blocks were built with as few cross-ties as practicable, the 
cross-ties being blocked up in the interior of the crib as shown in cross- 
section Fig. 2 ; the position of the block and cross-tie being reversed in 
every successive vertical set of cross-ties, as indicated by the front view 
of crib Fig. 4. The larger sized blocks were made in two pieces and 
bolted together ; two round rock elm keys, 3 inches in diameter, were 
driven into the joint horizontally, and parallel to the longitudinals, 
when the block was in position. Additional strength was given to 
these cribs by notching out the cross-ties It inches, to receive 
the blocks and longitudinals,—the block being also notched out to 
receive the longitudinal—and by the insertion of vertical posts, to 
which the cross-ties and longitudinals were secured by screw bolts. As 
in the crib blocks forming the retaining wall, on the north face of the
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embankment, the spaces in the fac • of these cribs between the cross­
ties are filled by entremises, cut to fit the dove-tailed heads of the cross, 
ties. These crib blocks were built while afloat; they were 120 feet 
long, 28 feet high and 32 j feet wide on the bottom, the back of the 
rib being stepped as shown in Fig. 2, Plate 9.

Before these crib blocks were sunk in position, the bottom of the 
dredged trench was tested, to ascertain whether or not it was capable, 
without any previous preparation, of withstanding the weight of the 
quay wall. This test was made by weighting a stick of timber 12 
inches square, standing vertically on end in the trench, and from its 
settlement, under a known weight, calculating the resistance the bottom 
was capable of affording.

From the result of this experiment, it was decided that the sand 
bottom was sufficiently firm to carry the weight of the wall, and would 
require no preparation beyond levelling. As it was not practicable to 
level the sand bottom in a depth of 24 feet of water at low tide, with 
sufficient precision to ensure the crib block settling down uniformly, 
and to the proper elevation, four rows of weighted timber blocks were 
sunk and bedded in the sand, on line respectively with the four rows of 
Isittom longitudinals, the top of the blocks being at an exact elevation 
of 24 feet below low water. The first crib block was sunk on a 
foundation prepared in the above manner ; the process was, however, 
found to be very slow and uncertain, and was therefore abandoned.

The foundation for the remaining crib blocks was prepared by driving 
short stub piles, the heads of the piles being at an elevation of 24 feet 
tielow low water; this was done by means of a follower, which consisted 
of a stick of oak 40 feet long and 13 inches square, to one end of 
which was fastened a socket of J inch iron, the socket projecting about 
2 feet beyond the butt of the follower. The stub pile was placed in 
this socket and slightly wedged. In order to drive the stub piles to a 
correct elevation, the follower was graduated into feet and inches ; 
when the stub pile had reached the proper elevation, the graduations 
on the follower corresponded to those on a tide gauge. When the 
follower was removed after having driven a stub pile, it occasionally 
slightly drew out the stub pile with it; this, however, very rarely- 
occurred. In this manner the stub piles were easily driven with great 
accuracy to the proper elevation, and made a good and uniformly level 
foundation on which to sink the crib blocks.

To ballast one of these crib blocks during construction required 
192 cubic yards of large rubble stone ; this stone was placed in pockets, 
formed in the crib block for its reception, between the counterforts. To 
sink the crib block, and hold it in position until backed up, and filled
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with concrete, required 96 cubic yards of stone in addition to the above 
quantity. A cubic yard of the stone used for sinking the cribs 
weighed long tons, so that it took about 334 tons to sink a tidal 
harbour crib block. As each crib block was sunk, it was backed up 
with large rubble stone and clayey materials, the backing taking the 
form shown in Fig, 6, Plate 10.

The front compartments of the crib were then filled with concrete, 
with the exception of the last two, which were cut off from the remain­
ing compartments by a movableb ulk head. When the next crib block 
was sunk in position ; and before the concreting in it began, this bulk 
head was removed, and the concreting was then carried on simultan­
eously in the two crib blocks. The object of this was to prevent a seam in 
the concrete occurring at the junction of any two cribs. The concrete 
was retained in rear by a hoarding of 3-inch planks, secured to the 
crib in the desired form of the back of the wall. This concrete, which 
formed the substructural wall, was 8J-feet wide at the top of the crib, 
vix., at 4 feet above low water, with counterforts 20 feet centre to centre, 
the counterforts being 3 feet 10 inches deep and 5 feet wide.

On the substructure thus formed, a concrete wall faced with ashlar 
masonry was built up to coping level, this wall having the same form 
and dimensions as the concrete wall forming the substructure.

The portion of the south retaining wall, forming the quay wall of 
the wet dock, is a continuation of the quay wall of the tidal harbour, 
but is of a different form of construction.

A trench 15 feet deep at low water, and having a bottom width of 
25 feet was first excavated in continuation of the tidal harbour, or 24 
foot trench, for a distance of 2,310 feet. Crib work blocks, similar to 
the one shown in Fig. 5, were then sunk in this trench on foundation 
piles driven to an uniform depth of 10 feet below low water, by means 
of a follower. These crib blocks were made in lengths of 42 feet, and 
were 13 feet high and 12J feet wide on top, or at an elevation of 3 feet 
above low water ; and made up together a distance of 2,310 feet. They 
were built on ways, as their mode of construction did not permit of 
their being built while afloat. Along the face of these crib blocks, wheu 
sunk, there was driven a row of sheet piles with gauge piles every 7 feet 
apart centre to centre ; the sheet piles were 7^-inches by 12-inches, 
and were driven to a depth of 21 feet below low water, or 7 feet into 
the sand bottom. The gauge piles were 15-inches square, and were 
driven one foot deeper than were the sheet pile». These piles were 
bolted directly to the crib blocks, the top front longitudinal of the crib 
acting as an inside wale. The cribs were then filled with concrete, and 
backed up with clay and rubMe stone.
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The concrete, while setting, was held in place by 2—inch boarding 
placed in the crib as shown on plan Fig. 6, Plate 9. The concrete 
wall was 7 feet 10 inches wide at the top of the crib, or at au elevation 
of 3 feet above low water, with counterforts every 22 feet, centre to 
centre, the counterforts being 3 feet (ij inches deep, and 4j feet wide.

The space between the bottom of these cribs and the surface of the 
dredged trench, vii., for a depth of 5 feet, was originally intended to 
have been filled with clay and large stone. As considerable doubt exist­
ed as to the advisibility of founding a wall on a foundation of this des­
cription, concrete composed of 9 parts of large stone, 2 parts of broken 
stone, 5 parts of sand, and 1 part of Port'and cement, was finally substi­
tuted for the clay and stone. On this substructure, consisting of crib 
blocks filled with concrete and faced with a line of piles, the superstruc­
ture was built. It was composed of a concrete wall faced with 
masonry, and was similar to the wall forming the superstructure of the 
tidal harbour, and of the same dimensions.

The concretes in the substructures of the tidal harbour and wet dock 
walls were originally intended to have been of two kinds, viz., a facing 
of 4 to 1 concrete about 2 feet in thickness, and a backing of 8 to 1 
concrete for the remaining thickness of the wall. The 4 to 1 concrete 
was to have been composed of 3 measures of sand, 1 measure of broken 
stone (of 2 inch gauge) and 1 measure of Portland cement. The 8 to 
1 concrete was to have been composed of 3 measures of sand, 1 meas­
ure of broken stone of 2i inch gauge, 4 measures of large rubble stone 
and one measure of Portland cement.

In carrying out the work, however, it was decided to omit the facing 
of fine or 4 to 1 concrete, and in lieu of it, to enrich the coarse or 8 to 
1 concrete, by adding to it an amount of 4 to 1 concrete equivalent to 
the face concrete omitted. This was done by putting only 4 to 1 con­
crete into every fifth tremie that was put into the cribs. The above 
change was made, us it was thought that the benefit to be obtained from 
having a facing composed of fine concrete did not compensate for the 
difficulty of keeping the two concretes separated : there was also the 
practical difficulty with the facing concrete, of putting down so small a 
body of concrete in a considerable depth of water, and in a confined 
space, and at the same time preventing the cement from being washed 
out of the concrete. The result would probably have been that, owing 
to the wash, the 4 to 1 concrete would have been practically less perfect 
than the 8 to 1 concrete put down in larger bulk at one time.

The concrete in the superstructure was composed of 2 parts by 
weight of sand, 1 part by weight of broken stone (2£ inch gauge), 1 
part by weight of pebbles, 4 parts by weight of large stones, averaging 
about J cub. foot each, and 1 part by weight of Portland cement.
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In belli the concrete» for the substructure and superstructure, the 
finer ingredients, viz., the Portland cement, sand, and broken stone or 
pebbles, were mixed either by hand or machinery ; the large stone being 
subsequently added.

The concrete in the substructure was placed in position by means of 
tremies, or skips, similar to the one shown in Fig. 10, Plate 9; these skips 
held 1 cub. yd. each, and were made of J inch iron. The fiucr ingredients, 
or what may be termed the matrix, was mixed with very little water, and 
allowed to stand for two or three hours before being put into the work ; it 
was then placed in the skip, the due proportion of large rubble stone being 
at the same time added ; when the skip was full and the top covers pro­
perly closed it was lowered into the crib, great care being taken that 
it had fairly reached the bottom, or the concrete previously deposited, 
before the traps in the bottom wore opened and the concrete allowed to 
escape ; so that the concrete when leaving the skip should not pass 
through the water and so become washed.

The concrete mixing machine consisted of a cubical box of boiler 
plate iron holding 2^ cub. yds. ; this box was made to revolve on a 
diagonal axis or shaft. The c.ud, broken stone and cement were put into 
it with the requisite quantity of water ; it was then made to revolve 
four or five times, which was found to be sufficient to thoroughly mix 
the materials.

The Cross Wall, (Plate 13.)—This work is at present completed 
with the exception of the entrance works, and the closing of an opening 
190 feet wide, left between the Commissioner’s wharf and the entrance 
works, to allow of the passage of vessels into the wet dock, during the 
construction of the cross-wall.

The cross-wall consists essentially of an embankment, which forms the 
division wall between the wet dock and tidal harbour, and is composed 
of dredged materials retained by two parallel quay walls. An entrance 
from the tidal harbour to the wet dock, closed by a double set of solid 
timber gates, is left in this embankment; the entrance is to be 66 feet 
wide at coping level, and will have a depth of 18 feet of water on the 
sill, at low .rater spring tides.

It was necessary, in the event of the tide not rising to the same height 
as the water retained in the wet dock, to provide some means of equal, 
izing the level of the water in the two basins ; this is done by placing 
in the embankment seven sluices, connecting the wet dock with the tidal 
harbour ; the sluices are closed by double faced valves, and have each 
a cross sectional area af 24 square feet.

The substructure of the retaining wall, on the tidal harbour side of 
the cross-wall, consists of substantial cribwork_blocks, sunk in a trench
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dredged for their reception to a depth of 26J feet below low water, and 
subsequently filled with concrete.

These cribwork blocks differ somewhat from those employed in the 
construction of the tidal harbour quay wall of the Louise embankment. 
The face, instead of being composed of longitudinal full timbers and 
entremise filling pieces, in alternate courses, is made up altogether of 
full timbers, which are halved on to the dove tailed heads of the cross 
ties ; the ends of the crib blocks are also built solid to retain the con­
crete. To retain the concrete, in the rear, 6 inch sheet piles arc used, 
instead of the hoarding of 3 inch planks ; these piles arc placed in posi­
tion during the construction of the crib, and are driven six feet into the 
ground, when the crib is in place. Each crib block thus forms an inde­
pendent caisson. These crib blocks were sunk on stub piles, driven to 
the proper elevation by means of a follower, in the saute manner as were 
those placed under the crib blocks of the Louise embankment wall.

There are 36 stub piles under each crib block; the cribs being 140 
feet long, 30 feet wide on the bottom, and 28 feet high, with a step of 
10 feet in the rear. Two special crib blocks were constructed to form 
the return walls at the entrance. The one on the north side of the en­
trance is 152 feet long, 37 feet wide and 32 feet deep ; that on the 
south side, which carries the sluices, being 152 fset long, 55 feet 
wide and 32 feet deep ; 125 stub piles were driven to form the founda­
tion of this last mentioned crib, which, when sunk in position, did not 
vary more than one inch in level.

In each of the ordinary 140 feet crib blocks there was placed an aver­
age of 400 cub. yds. of large rubble stone, which is equivalent to 464 
tons weight. In the crib block, on the north side of the entrance,there 
was placed 844 cub. yds. of rubble stone, and in the crib block on the 
south side of the entrance, 1104 cub. yds.

The cribwork blocks forming a part of the sub-tructurc of the retain­
ing wall, on the wet dock side of the cross-wall, are similar to those on 
the tidal harbour side, except that they are only 22 feet instead of 28 
feet high, and are sunk iu a trench dredged to 20J feet below low water. 
The top of the cribs or substructure, on both the tidal harbour and wet 
dock sides of the cross-wall, are thus 1J feet above low water.

The concrete used for filling the cross-wall cribs, was composed of 4 
measures of broken stone (2 inch gauge), 2 measures of sand and 1 
measure of Portland cement. No large rubble stone was used in the 
concrete ; this, unless the large stone are put in with great care, is cer­
tainly preferable in submarine work, which cannot be readily inspected, 
as the large stones, when put in too freely, are very apt to become block­
ed at the cross-tics, and thus cause voids to be formed in the concrete.
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The concrete wall at the top of the crib blocks or substructure it 9 
feet wide, with counterforts 42 feet centre to centre, 13 feet wide and 7 
feet deep.

Before any concrete was put into the cribs forming the substructure 
of the cross-wall, the sand bottom was covered with a layer of bags filled 
with concrete ; these bags being placed in position by a diver. The 
concrete in these bags was allowed to become partially set before the 
bags were put down, as it was found that a bag of unset concrete, 
placed directly on the sand, did not set, the sand apparently sucking 
the cement out of the concrete, so that when the bag was taken up and 
examined, there were nlmost no traces of cement left ; but the sand for 
some distance round, where the bag had been placed, was found to have 
absorbed a certain quantity of cement. A number of experiments were 
made to test this ; bags were filled from the same concrete mixture, and 
some placed directly on the sand bottom, others suspended at different 
de pths in the water, when it was always found that the suspended bags 
set perfectly, whereas those placed on the sand bottom never did.

From the above result, it would Appear that unset concrete laid 
under water on a sand bottom, is liable to have the cement taken out of 
it, for the first foot or two up from the sand. It would consequently 
be a safe precaution, when placing concrete in bulk under water on a 
sand Itottom, to first cover the bottom with some substance that would 
prevent this action,—tarred canvas would probably answer the purpose— 
otherwise, the probability is, that between the well set concrete and the 
comparatively compact sand bottom, there would be a seam or stratum 
of loose sand and stone, of about 2 feet in thickness.

To form the supcrstruetural portion of the tidal harbour and wet 
dock retaining walls of the cross-wall embankment, solid masonry 
walls are built from the level of the top of the cribwork blocks up to 
coping ; these walls are 9 feet wide at the base, with counterforts 
every 100 feet apart, and have a face batter of 1 in 24.

To construct the entrance works, it was necessary to enclose the site 
by means of a cofferdam. Two sides of this dam are formed by the two 
special crib blocks previously mentioned. These cribs are sunk in 30J feet 
of water at low tide, and are filled with concrete ; the concrete in the 
return ends of these two cribs joining the concretes in the crib blocks 
on the tidal harbour and wet dock faces of the cross wall. To form 
the remaining sides of the coffer-dam, two segmental clay dams are built 
across the entrance, one on the tidal harbour and the other on the wet 
dock face, abutting on the two special crib blocks. These dams are 
each formed of a double row of 12 inch piles, the rows being spaced 
10 feet apart, and the space between them filled with clay. The
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area enclosed is dredged out to 32 feet below low water, and a bottom 
of concrete, composed of the same materials and in the same proportions 
as that used in the cribwork blocks, put in over the entire area, 
for a depth of 12 feet, the sand bottom having been first covered with 
canvass. When placing concrete in the cross wall crib blocks, a tally was 
kept of the number of casks of cement used, and of the number of skips 
of concrete (each containing one cubic yard) put down ; the cubical 
content of the concrete space in each crib was also calculated.

From the above date, the loss of bulk due to mixing the materials, 
and also the shrinkage of the concrete due to consolidation when placed 
in the work, can be deduced. Each batch of concrete before mixing, 
contained 29.32 cubic feet of aggregates, made up of 4.18 cubic feet of 
cement, 8.40 cubic feet of sand, and 10.74 cubic feet of broken stone 
(Macadam). To fill the cribs, 23.520 batches, made up as above, were 
mixed ; these batches measured 20901 cubic yards, skip measure, and 
filled in the cribs a space containing 18476 cubic yards. As each batch 
contained before mixing 29.32 cubic feet, and as the number of batches 
mixed was 23520, the materials therefore before mixing aggregated 
25541 cubic yards. The concrete formed by mixing the above mate­
rials measured, before being placed in the work, 20901 cubic yards ; 
there was consequently a lose of about 18) per cent, in bulk, due to 
mixing. Of the materials used to form the concrete, 16.74 cubic feet in 
each batch consisted of broken stone in which the voids amounted to 
54 per cent, of the bulk, or to about 9 cubic feet. Had the voids in this 
stone been filled by the process of mixing, the batch should have lost 9 
cubic feet in bulk, or have been reduced from 29.32 to 20.32 cubic feet ; 
by actual measure, however, the batch only lost 18} per cent, in bulk 
equal to 5.34 cubic feet by mixing, or was reduced from 29.32 cubic 
feet to 23.98 cubic feet. It would follow from this that either voids, 
equal to 3.66 cubic feet, remain in the broken stone, after mixing, or 
that the materials have increased in bulk by this amount, during the 
process of mixing.

In order to ascertain what change in bulk took place when mixing sand 
and cement together, in the proportions used for the above mentioned con­
crete, the writer first mixed dry 864 cubic inches of sand with 432 
cubic inches of cement, and found that there ,was no loss of bulk, the 
mixture measuring 1296 cubic inches. He then remixed the materials, 
adding a sma'l quantity of water, so that the mixture should be of the 
same consistency as that used for concrete placed under water, and 
then found that the mixture measured 1477 cubic inches, having 
increased in bulk by 181 cubic inches or about 14 per cent. Allowing

i2
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for this increase in bulk, a batch when mixed would be composed 
somewhat as follows :—

cub. ft.
Original bulk of materials .................................—- 29.32
Ijoss due to mixing 18J pi cent..........................= 5.34 23.98

Bulk of materials when mixed.......  ...................
Made up as below :
Broken stone............................................................ 16.74
Original bulk of sand...........................= 8.40

do do of cement......... ............= 4.18

12.58
(lain in bulk 14 per cent....................... 1.76
Total sand and cement........................... ............. 14.34
Total bulk of ingredients....................... 31.08

Lost in voids of stone............................. 7.10
As the total voids in the stone amount to 9 cubic feet, there would 

thus remain 1.90 cubic feet of voids that have not been filled by the 
process of mixing.

The above result would only be obtained when a small quantity of 
water was used for mixing. When sufficient water is added to make 
the cement and sand into a thick mortar, such as would be used for 
masonry, the bulk is then diminished, the loss being about equal to the 
bulk of the cement used.

The reason of this is probably that when a small quantity of water is 
used, the cement in a liquid form coats the particles of sand, thus 
increasing their size, but is not sufficiently fluid to fill the voids in 
the sand ; when more water is added, the liquid cement is then 
sufficiently fluid to run into and till the voids in the sand, the coat­
ing over each particle of sand at the same time being reduced in 
thickness by the loss of the cement taken to fill the voids.

When placing the concrete in the crib blocks, it required 20901 
cubic yards to fill a space in the cribs having a cubical capacity of 
18476 cubic yards ; the shrinkage of the concrete therefore, due to con­
solidation in the work, amounted to about 11J per cent. A batch con­
taining originally 29.32 cubic feet of materials, would thus be reduced 
in bulk 18J per cent, or to 23.98 cubic feet, by the process of mixing. 
It would again be reduced from 23.98 cubic feet to 21.20, or by 11J 
per cent, due to consolidation in the work, this latter loss of 2.78 cubic 
feet,being equal to the voids remaining unfilled in the stone after mix­
ing, viz., 1.90 cubic feet, and one half the gain in bulk of the sand and 
■cement during mixing, viz., 0.88 cubic feet. A block of concrete con­
taining in place 21.20 cubic feet, and composed of 4 measures of stone,
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2 measures of send, and one measure of cement, would consequently be 
made up of :

Broken stone.............................................................. 16.74 cubic feet.
Sand and cement in voids....................................... 9.00 “
Excess of sand and cement..................................... 4.46 “

Bulk of ingredients................................................. 30.20 cubic feet.
As a correct answer to the question, so often asked, to what 

extent does frost injure concrete ? and how long is it probable that a 
concrete wall, exposed to the action of frost will be able to endure, 
without material injury ? is of the greatest importance in a climate 
such as that of Canada. It may be well to state that in the year 1879, 
blocks of concrete each 6 inches square, composed of different propor­
tions of cement, sand, and pebbles, were made, for experimental pur­
poses, in connection with the tests of Portland cement to be used on 
the Quebec Harbour works. These block» have remained out in the 
open air since then, and arc now, after eight years of exposure to all 
kinds of weather, in as good condition as when made, the frost not 
having injured them in the slightest degree. Concrete walls, cons­
tructed in connection with the harbour works, and left exposed to the 
weather for five years, received no injury. The concrete composing 
these walls being more or less porous, it would seem probable that 
water entering the pores and freezing would injure the concrete, and 
in time cause it to disintegrate. This would probably be the result 
were all the pores full of water. When, however, as actually happens, 
the concrete is not saturated, but has only a small proportion of the pores 
filled with water, the water when freezing has room to expand 
through the unfilled pores, in every direction, the concrete for this 
reason escaping injury.

Tub South Wall.—Work on this portion of the harbour im­
provements was only begun this spring, it would therefore be premature 
to enter into a detailed description of this work. A brief descrip­
tion is, however, necessary, to enable the entire scheme of harbour 
improvements at Quebec to be fully understood. This work will form 
the third side of the wet dock, the Louise Embankment and the Cross 
Wall forming the remaining two sides ; it will join the Louise Embank­
ment at its western and the Cross Wall at its southern end, and will 
consist essentially of a water-tight wall and intercepting sewer com­
bined. The necessity of a sewer has arisen from the fact that a 
large proportion of the city sewage is at present discharged into the St. 
Charles Hiver, in that part of its channel now about to be enclosed in 
the wet dock; it has therefore become necessary to divert this sewage,
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which will now be discharged into deep water in the River St. Law­
rence. The sewer will have a cross sectional area of 41 square feet, 
and a grade of 1J in 1000. At the upper or western end, a connec­
tion will be made with the wet dock, to enable the sewer to be flushed 
out when desirable. The general design of this work will be seen on 
referring to Plate 12.

On the completion of the Louise Docks, there will be a depth of 30 
feet of water in the inner or ,wct dock basin, except just along the 
face of the Louise Embankment quay wall, where the depth will be 
25 feet. In the outer or tidal basin, the depth of water at low spring 
tides is at present 25 feet.

In connection with these works, there has been removed up to date, 
by dredging, a total of 2,104,014 cubic yards of material; of this 
amount 740,800 cubic yards are place measure, the balance being scow 
measure.

Graving Dock (Plate 11).—The general plan Fig. 13 gives the prin­
cipal horizontal dimensions of this work, the longitudinal section Fig. 14, 
the elevation of the inverts, bottom of dock, &c. All these dimensions 
are the same as those originally contemplated, with the exception that 
one foot has been added to the depth of the invert below low water, 
and that the length of the dock has been reduced by 65 feet. This 
latter change was rendered necessary by the difficulties met with 
during the construction of the coffer dam. The original coffer dam 
consisted of:

1st. The coffer dam proper, which was a segmental dam closing the 
entrance to the dock and abutting on the wing walls ; this dam wa& 
composed of a double row of full timber piles, the space between 
the two rows of piles being dredged out to 10 feet below low water, and 
then filled with clay puddle. .

2nd. The wing walls.—The substructure of these walls was com­
posed of 6 to 1 concrete, formed in the proportion of 1 part of 
sand, 5 parts of broken stone (macadam) and one part of Portland 
cement. This concrete was retained by a double row of 11 inch square 
piles, spaced 14 feet apart and driven to 18 feet below low water; the 
space between the two rows of piles being dredged to a depth of 10 
feet below low water, before being filled with concrete. The super­
structure, which begins at 2 feet above low water, consists of a 
masonry wall backed with concrete composed of two measures of broken 
stone, two measures of sand, four measures of large stones, and one 
measure of Portland cement.

3rd. A timber wharf, known as the government wharf. The dock 
side of this wharf was sheet piled, and a bank of clay deposited along 
the face of the piles.
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When an attempt was made to pump out the area enclosed by this 
•dam, it was found that the water entered so freely through and under 
the wing walls, and through the government wharf, that the pump was 
unable to control the leakage. It was then decided to construct two 
concrete walls inside the wing walls, in continuation of the clay 
dam, and to put in a concrete apron or bottom 12 feet in thickness over 
the entire area inside the dam ; the apron to extend in shore until the 
rock was met with. In carrying out this work, considerable difficulties 
had to be contended with, as the area inside the cofferdam, which 
had to be dredged out to a depth of 21 feet below low water, was so 
confined that there was no room for a suitable dredge. The rock when 
met with in shore at this depth had to be cleaned off j this it was 
impossible to do with a dredge, the surface of the rock being so irregular 
that the dipper of the dredge could not get into the crevices and 
corrugations of the rock, to clear out the materials which consisted of 
sand and sawdust. It was expected, however, that by making the first 
layer of concrete rich in cement, and by stirring up the soft bottom, that 
the sand and sawdust would become impregnated with cement, and so 
form a sufficiently hard concrete or mortar to make a water-tight 
joint with the rock. In some cases where it was impossible, with the 
appliances at hand, to clean off the rock, pure cement was put down 
and stirred up with the materials lying on the rock ; it was in this 
manner as it were, attempted to mix concrete under water.

The cofferdam thus formed was capable of withstanding a head of 
water of about 9 feet, and it was unwatered to this extend during the 
construction of one of the culverts ; when, however, it was attempted to 
unwater it completely, several blows through the concrete bottom 
occurred. At this junction, the control of the work passed into the 
hands of the Chief Engineer of Public Works. It was then decided to 
abandon the cofferdams already constructed, and to shorten the dock 
so as to bring the entrance works on to the solid rock ; as it was 
considered that, even had it been possible to remedy the defects in the 
coffer dam already constructed, it would not be advisable to construct 
the entrance works on the concrete apron or floor, as was originally 
intended, as owing to the nature of the blows which took place, and 
which carried in with them large quantities of sand and sawdust, it 
was apparent that the concrete apron had been undermined, and 
would be consequently unsafe to build upon ; a third dam forming two 
sides of a square, and shutting out the blow holes, was therefore con­
structed, Fig. 13. This dam proved successful ; there were, however, 
several occasions aller its completion, on which the works were flooded ;
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the water entering in great quantities through fissures in the root, 
during the excavation for the caisson recess.

The graving dock, with the exception of the wing walls, is founded 
entirely on rock. The rock in the body of the dock was excavated to a 
depth of 7 feet below the level of the top surface of the finished floor. 
Arterial drains were then placed in channels, cut for their reception in the 
rock bottom ; these drains were made of perforated rock elm planks 
2 inches thick, and were 4 and 6 inches square inside. When in place they 
were imbedded in porous concrete, composed of 5 parts of clean pebbles, 
and 1 part of Portland cement, the porous concrete being made by washing 
the pebbles in a thick cement grout. Feeders to these drains were 
carried up behind the side walls, so that the whole of the walls and bottom 
were thoroughly drained. The arterial drains are carried to a well in the 
floor of the dock, which communicates with the pump wells. The rock 
bottom was covered with a bed of concrete five feet in thickness, on which 
the masonry paving was laid. The side walls are of ashlar masonry 
backed up with concrete, and are built up in altars as shown in cross- 
section Fig. 16, the face batter of the walls being 1 in 24. The concrete 
used for backing up the side walls, and as a foundation for the floor 
paving, was composed of 3 parts of broken stone, 3 parts of sand, 6 
parts of large stone, each not weighing less than 40 pounds, and one 
part of Portland cement. The large stones used were taken from the 
excavations, and were from one half a cubic foot up to one or one and 
one-half cubic yards in sixe ; these large stones were carefully bedded 
in the fine concrete, so that the concrete was virtually rubble masonry 
laid in Portland cement.

For access to the dock floor, a stair and timber slide are placed at 
each corner of the body of the dock. The dock is closed by an iron 
caisson which travels on two parallel sets of cast-iron rollers, placed in 
the floors of the caisson berth and recess; it is drawn back into the 
recess by two endless chains working round sheaves on a shaft, 
connected by worm gear with the auxiliary pumping engine. To make 
the water-tight joint, a meeting face 12 inches wide, projecting f of an 
inch beyond the face of the stone, is cut on the granite quoins of the 
inner and outer inverts ; the surface of this meeting face is rubbed 
down and polished after the stones are in place, until the surface is 
every where in a vertical plane at right angles to the centre line of the 
dock. To correspond with the meeting faces on the inner and outer 
invert quoins, a teak wood face is fastened to the sides of the caisson, 
and is dressed down until, when the caisson is resting on the rollers 
in the caisson berth, the surface is in a vertical plane at right angle»



Boswell on Quebec Harbour Improvements. 91

to the centre line of the dock. The pressure of the water brings the 
two meeting faces together, which thus form a water tight joint.

The caisson is divided horizontally into two compartments by a water­
tight deck. The permanent ballast consisting of concrete is put into 
the lower compartment, sufficient being put in to prevent the caisson 
from floating, before the tide water has reached the level of the water­
tight deck. The upper compartment is used for water ballast, the use 
of which is to counteract the floatation due to the rise of tide, the water 
being allowed to rise and fall in the caist m above the water-tight deck 
with the rise and fall of the tide outside.

The water ballast is regulated by means of two sluices, which pass 
through the caisson immediately beneath the water-tight deck, valves 
being placed in the sluices near the face of the caisson. A connection is 
made on the centre line of the caisson, between these sluices and the 
upper compartment, through the water-tight deck, and a pendulum 
valve is suspended in the sluice at this point. To allow the tide water to 
rise in the caisson, the valves in the two sluices, near the face of the 
caisson, are opened ; the water then enters the sluices and presses against 
the pendulum valves, thereby closing the passage through the sluices. 
As the tide rises the water is forced up through the openings in the water­
tight dock into the upper compartment.

The plan Fig. 13 shews the position and size of the culverts used for 
flooding the dock, and for carrying ofl the water discharged by the 
pumps, the arrows marking the course taken by the water during the 
operation of pumping out. These culverts are circular and are con­
structed of masonry.

It will be observed that one culvert passes into the caisson recess and 
is continued again on the other side of the dock, where it passes from 
the caisson berth out through the wing wall. The use of this culvert is 
to afford a means of washing off any deposit that may accumulate on 
the rollers. No occasion to use it for this purpose has, however, occur­
red at the Quebec Dock up to the present.

For pumping out the dock two main pumps are provided, having 
brass barrels 4 feet in diameter, with a stroke of 5 feet. These pump 
are capable of discharging 12,0(10 gallons per minute, with a mean 
lift of 21 feet, and are worked by gearing from the main engine shaft. 
The main engines are of the condensing horizontal description, with 
cylinders 27 inches in diameter, and 3 feet stroke.

In addition to the main engines, an auxiliary engine is provided for 
working the drainage pumps and the caisson hauling machinery. To 
operate the caisson hauling machinery it must do work equivalent to 
lifting 45 tons 80 feet vertically in 9 minutes.
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The drainage pumps are two in number, and have a stroke of 2j ft. 
v.ie barrel being 10 inches in diameter ; they arc capable of raising 600 
gallons 50 feet in one minute.

The following is the general specification for the Portland cement 
used on these works :—

“Thv cement to be used throughout the works is to be of Portland, 
of the best quality, finely ground, and must pass through a sieve of2500 
meshes to the square inch, without leaving more than 20 per cent, of 
its bulk as residue, or through a sieve of 1600 meshes to the square 
inch without leaving more than 10 per cent, of its bulk as residue ; and 
must weigh not less than 112 pounds to the imperial striked bushel, or 
87} pounds per cubic foot. It shall be deposited upon the works at 
least one month before it is required for use, and at least two tests shall 
be made; one at the time of the delivery of the cement, and another on 
the tenth day after delivery. These teste are to be made from samples 
taken from every twenty-fifth bushel. After having been mixed and 
cast in moulds as directed, they shall remain in the open air for twelve 
hours, and then be immersed in water for seven clear days, at the end 
of which time, if every five samples do not bear an average tensile strain 
or dead weight of 1000 lbs. avoirdupois to a section of 1} inches by 1} 
inches, the cement shall be forthwith rejected, etc. The minimum test 
must not be less than 750 lbs.”

The test quoted above was made in the following manner :
A cubic foot of the cement to be tested was first weighed ; to do this 

the cement was made to fall from a fixed height into the measuring box 
through a canvas funnel, so that it should always be of the same den­
sity when weighed.

It was then sifted through a 50 x 50 sieve, twenty pounds weight 
being taken for this purpose ; and the residue weighed. Sufficient 
cement to make three bricquets, was then taken from the sample, and 
mixed with a small quantity of water ; the proportion generally being 75 
ounces of cement to 16 or 17 ounces of water. It was then put into 
moulds, a small punner being used to consolidate it, and insure 
the mould being properly filled. The bricquets thus formed Fig. 17 
were then allowed to set for 24 hours in the air, after which they 
were immersed in water for 7 clear lays, and then taken out and 
subjected to a tensile strain, in an Adie testing machine ; the section 
broken having a sectional area of 2} square inches. A great number 
of cement tests have been made in the above described manner, and 
the results recorded in a book kept for that purpose. Among these 
results, the following may be of interest. On several occasions the tem­
perature of the water used for making the bricquets was 33 and 34
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degrees Fahrenheit, the temperature of the air at the same time being 
32 degrees, and that of the cement 35 degrees. The bricqucte made under 
these conditions stood ns high a tensile strain as did those made at ordi* 
nary temperatures, the results varying from 1300 to 1000 pounds on a 
section of 2J square inches.

In another instance, bricquets were made with boiling water, but in 
this case only stood a strain of 500 pounds to the same cross section- 
Bricquets have also been made with water, in which a large quantity of 
blue clay had been dissolved, and were found to stand as high a tensile 
strain as did those made with clear water.

It is now pretty generally admitted that the usual 7 days test of ce­
ment, gauged pure, is not sufficient to enable a true estimate of its value 
to be arrived at ; for the reason that coarse cement will, as a rule, stand 
a greater tensile strain at the end of 7 days than will finely ground 
cement; whereas when mixed with sand, the finely ground cement will 
stand the greater strain of the two. To ascertain the true value of a 
Portland cement, it should therefore be tested by mixing it with differ­
ent proportions of sand. The objection to this test, however, is that it 
requires considerable time, ns the bricquets should be allowed to harden 
for about a month before being tested.

To form a pretty accurate idea of the quality of a cement, when there 
is no means of having it thoroughly tested, it should he subjected to the 
following partial tests :—

1st. For fineness—For ordinary purposes the cement should pass 
through a 50 x 50 sieve, without leaving more tha i from 10 to 12 per 
cent, residue.

2nd. For weight and specific gravity—The weight, to be in harmony 
with the fineness specified above, should rnnge between 112 and 115 
lbs. to the imperial striked bushel, the bushel measure being filled 
through a canvas funnel, held about 7 or 8 inches above the measuring 
box; this would correspond to a specific gravity of from 3’04 to 3'10.

3rd. For a tendency to blow,—which indicates that the cement con­
tains lime in excess, or has not been sufficiently burned. This defect 
may in some cases be rectified by air slacking the cement.

Thin flat cakes should be made of the cement and allowed to set on a 
glass plate ; when they have become bard, they should be immersed in 
water ; if they then crack at the outer edgtt, the sample of cement 
should be spread out to cool for some days, after which fresh cakes 
should be made in a similar manner ; if these again, on being placed 
under water, crack at the outer edges, the cement contains an excess of 
lime, and is unsafe for use.
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Another means of detecting the same defect in a cement, is to fill a 
test tube with a paste of pure cement ; when the cement has act place 
the tube in water, it will then in a day or two either be cracked or 
shattered in pieces by the hardening of the cement. In the latter case 
the great expansion indicates, as before, an excess of lime or under- 
burning.

Cement, which by the makers is claimed to be equal to true Port­
land cement, is now being manufactured from a mixture of iron slog and 
slacked lime ; its specific gravity is less than that of Portland cement, 
and the colour of a mauve tint. A oakc made from this cement when 
broken is of a deep indigo colour

Mr. D. L. Collins, of Messrs. Gibbs & Co., has recently published a 
pamphlet on Portland cement, from which the following tests for detect­
ing the presence of slag cement is extracted.

“ To a gill of water is added about a drachm and a half (80 drops) 
of sulphuric acid. Into this, 25 grains of the cement is e topped and 
quickly stirred, so as to prevent any setting ; and then immediately, and 
whilst still stirring, Condy's fluid is allowed to fall in drop by drop 
until the red colour remains permanent.

A gojd genuine cement will require only 10 to 15 drops of the fluid 
(certainly not more than 20), whilst an adulterated cement will take 
considerably more (say 30 to 60), and a cement made from slag only, 
probably over 200 drops.

Mr. H. B. Yardley, analytical chemist, has also formulated the fol­
lowing as a simple test for the same purpose, vix., to place upon a clean 
silver coin a thin layer of the suspected cement, dropping thereon a 
small quantity of dilute sulphuric acid (1 acid to 7 water), and after­
wards rinsing with water. If the cement is genuine, the treatment 
with acid will only slightly affect the colour of the silver; but if slag is 
present in any notable proportion, a dark brown stain will be produced 
upon the coin.”

The following table shows the comparative value after one month's 
hardening of several brands of Portland and Canadian cements.
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From the drawings accompanying this Paper, Plates 9, 10, 11, 12 
and 13 have been prepared.

II
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DISCUSSION

Mr. Renting Mr. Boswell's paper must prove one of more than ordinary interest 
to most Canadian Engineers, and he is deserving of special thanks for 
the pains he has taken in its preparation, and for describing minutely 
some of the most important features of the works.

As Portland cement concrete entered largely into their construction, 
it was to be expected that considerable space would be devoted to 
describing the methods pursued in its preparation, and the various 
proportions of aggregates adopted for the different classes of work. 
Some of these proportions appear peculiar and capable of improvement.

After hearing the description of the corcreto used in the substructure 
of the wing walls of the dry dock, it seems difficult to imagine how any 
other result than the failure which was experienced could have been 
expected, as the mass would necessarily be of a highly porous nature. 
This concrete we are told was composed of 1 part cement, 1 part sand, 
and 5 parts broken stone, extending from 10 feet below to 2 feet above 
low water level, and yet it appears to have been regarded as sufficient 
to form a portion of the original cofferdam intended to exclude the water 
from the main body of the work while in progress. Concrete made in 
such proportions would not be water-tight under the most favorable 
circumstances, but when deposited below water and on a sandy bottom, 
its worthlessness for cofferdam purposes one would think ought to have 
been anticipated.

Mr. Boswell's notes on the shrinkage or loss of bulk in concrete are 
interesting and practical. As he does not say that punning was practiced 
it may be inferred that it was not, but that the material was simply 
shovelled or dumped into place and allowed to consolidate itself. He 
shows that it required 25,541 cubic yards of dry material to produce 
18,476 cubic yards of concrete in place in the cross wall-cribs, and 
he states that the loss due to mixing was 18.2 per cent. The shrinkage 
due to consolidation was therefore 9.5 per cent., or the total loss or 
shrinkage due to all causes 27.7 per cent, of the original bulk, without 
taking into account the quantity of water used.

In order to obtain one cubic yard of concrete of the proportions 
stated, viz. ; 1 part cement to 2 parts sand and 4 parts broken stone 
such as ordinary road metal, it would thus appear to be necessary to 
provide

5.33 cubic feet of cement.
10.67 “ “ “ sand.
21.34 “ “ “ broken stone.

Total.......37.34 dry materials.
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Now, M a matter of fact, large as this allowance may appear, it is 
not sufficient to produce one cubic yard of thoroughly consolidated 
concrete, and had the material been rammed very different results 
would have been obtained. There must still have been voids in the 
finished concrete described to the extent of nearly 3} cubic feet to the 
cubic yard. In other words the total loss or shrinkage (as it may for 
convenience be termed) in the formation of a thoroughly consolidated 
concrete, is about 50 per cent, of the original bulk of the dry materials. 
This is the result which the speaker has arrived at after repeated 
careful experiments with concrete rammed into moulds for special pur­
poses. With some materials the actual loss was found to be greater, but 
the general allowance of 50 per cent, appears, as a rule, near enough for 
all practical purposes. The subject is one of considerable importance 
to contractors and others, who are likely to be concerned in the con­
struction of large concrete works.

Probably there must have been good reasons why no mention is 
made in the paper under discussion of prices paid for different items 
of the work and of the total ultimate cost, but as these are matters 
of very considerable interest and importance they would appear to be 
deserving of some attention. The latter in fact is of the first impor­
tance, as an undertaking may prove so expensive that it become a 
positive burden to the community, corporation or company who are 
expected to furnish the funds instead of a benefit as might have been at 
first anticipated. It is not to be inferred that this is the case in the 
present instance, although it is well known that the Works have cost, at 
least in the case of the dry dock, vastly more than was expected at the 
commencement, and somewhere about double the original estimate.

It seems that the dry dock was commenced in 1877, and by the 
terms of the contract was to have been completed in 1882.

From the official reports of the Quebec Harbor Commissions it
appears the original contracts were as follows, viz. :
For the Graving Dock Engine and boiler houses................. $330,953.89

“ Caisson for same.............................................................. 29,221.51
“ Pumping Machinery for same..................................... 32,000.00
“ Boilers (3)...................................................................... 4,500.00
“ Keel Blocks (127).......................................................... 5,588.00

Total.......... $402,263.40
There were extras or additions to the contracts, owing, it is to be 

presumed, to the serious difficulties encountered in carrying out the 
works, so that by the close of 1885 about $720,000 had been expended. 
It would be highly interesting and instructive to know how all these
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extras were made up, what they were for, and what the total cost of 
the work amounted to at completion.

Some features of the work as described seem extraordinary and 
novel. For example, the experiment of mixing concrete under water 
would appear to possess no other merit than that of novelty, and is not 
likely to be often repeated elsewhere.

There is also another feature which it would be interesting to have 
more fully explained. The graving dock it is stated is founded entirely 
on solid rock, and yet this rock was excavated to a depth of seven feet 
below the finished level of the floor, and the space filled in again with 
concrete which could not reasonably be expected to be as solid, or at 
least any more solid, than the material removed. The procedure would 
therefore appear to be not only unnecessary but extravagant.

Evam. Wjth reference to Mr. St. George Boswell’s paper on the Quebec 
Harbour Improvements, Mr. E. A. Evans has read with interest the 
valuable information contained therein, but desires to take exception to 
“ the statement that a bag of unset concrete, placed directly on the sand, 
“ did not set, the sand apparently sucking the cement out of the 
“ concrete, so that when the bag was taken up and examined, there 
41 were almost no traces of cement left, but the sand for some distance

round, where the bag had been placed, was found to have absorbed 
41 a certain quantity of cement.” Mr. Evans fails to sec how sand at the 
bottom of a river, which must already have absorbed all the moisture that 
it possibly can, and therefore have lost all power of suction, could suck the 
cement out of the concrete, and consequently considers that some other 
cause must be looked for, to account for this unusual occurrence 
(perhaps due to the velocity of the river). To be further convinced he 
has, since reading the papers, made three separate and distinct ex­
periments on the Coulonge River, as follows :

No. 1. Concrete composed of 2 of sand, 1 of Portland cement, and 
as much broken stone as was required to fill all voids. 
After being placed in bags, allowed one hour before 
immersion, were placed on sand at bottom of River and 
one bag suspended in the River.

No. 2. Concrete composed as in No. 1, but bags immersed imme­
diately after mixing in the same manner as No. 1.

No. 3. Concrete composed of 4 of sand, 1 of Portland cement, and 
as much broken stone as was necessary to fill all voids, 
bags immersed immediately after mixing in the same 
manner as No. 1.

The bags of concrete were permitted to remain in the River 7 days,
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at the end of which period they were taken out with the following 
results :—

Nos. 1 and 2. The concrete was firmly set, but the cement had not 
had sufficient time to be perfectly hardened.

No. 3. Same as Nos. 1 and 2, with the exception that the concrete 
was broken through at the part where rope was placed 
around bags for the purpose -f hauling them out. (This 
would no doubt be due to the proportions of sand to 
cement, and to the shortness of time allowed for setting.)

In each of these experiments it was impossible to detect the 
difference between the bags suspended in the water and those placed 
on the sand bottom of the River, and there was no apparent loss of 
cement. It would perhaps be as well to mention that the greatest 
surface velocity at high water is only about 2 miles per hour, so that 
the velocity of the current is not likely to have had any effect on their 
experiments.

Mr. Evans has for some time tested cement for an excess of lime by 
the method mentioned by Mr. Boswell, viz., by making thin flat cakes, 
and when sufficiently hardened immersing them in water. He considers 
the method not only good, but very necessary to a satisfactory test 
as to quality.

It seems to the speaker that some of the criticisms on the experi-Mr Ir,lBi 
ments made in Quebec as to the effect of sand in the bed of a River on 
bags of concrete deposited thereon are hardly fair.

One member declares that he cannot accept the experiments as 
reliable, and says that the cement used must have been very bad ; yet so 
fur as the speaker can remember he gives no reason for the conclusion he 
arrives at.

Another member states that he cannot understand the result of the 
said experiments, and, as his reason, gives an account of some tests 
made by himself and of a somewhat similar character.

Now a bare statement that one cannot accept any experiments except 
they be made in person, or to confess inability to understand them, can 
scarcely be called a proof of the want of reliability of said experiments ; 
and in any case the tests made by Mr. Evans, were carried out 
under totally different conditions from those at Quebec, the water was 
different, the current was not the same, the cement was by another 
maker and the sand on the bed of the River was certainly of a very 
different character.

Whether the members above referred to on the one hand refuse 
to accept, or on the other hand fail to understand the experiments 
referred to by Mr. Boswell, the fot. awing fact» remain :
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First.—That bat’s of concrete, similar in every way to those depo­
sited on the bed of the tiiver, when suspended freely in the water, set 
very well.

Second.—That placing tarred canvas under the bags of the same kind 
of concrete when they were laid on the bed of the Kiver ; and

Third.—That when the concrete was deposited in bags on the sand 
of the bed of the Hiver, a considerable portion of the cement found it» 
way into the sand below.

As these experiments seem to have been honestly made, I do not 
think that any of the statements made or tests carried out with a view 
of disproving them should be given too much weight.

Mr. Evans Bays that he cannot understand how sand saturated 
with water could have any power to absorb cement from a bag of cement 
deposited on it ; however, as already remarked, inability to under­
stand a subject is no argument against it, the cement may have been 
slow in setting, and supposing that to have been the case it is 
quite po-sible to imagine that a heavy bag of concrete, laid on the bed 
of the River, would press the surplus water out of the sand immediately 
below it, and leave it in such a condition as to have a certain capacity 
for absorbing some of the cement above it, possibly by some sort of 
capillary attraction. While speaking of cement, the speaker would be 
glad to know if any member can give information as to the composition 
of the sediment, called by the French “ laitance,” which rises on the top 
of concrete when laid under water, also if any means have been taken 
to prevent its rising.

It seems that, in the case of concrete laid in sea water, this 
“ laitance ” sometimes becomes almost like a thin jelly. Could this be 
any part of the “ soluble silica ” which might be prevented from 
combining to form silicates through some of the salts in the sea water ?

Recently in the case of certain concrete set in fresh water, this 
sediment was analysed and found to consist of lime and magnesia. 
Possibly if a little neat cement were spread ever the surface of the con­
crete through a rubber tube it would set with the sediment, as the 
concrete may have contained an excess of lime and magnesia. Some 
experiments might be made with a view of finding out the cause and 
means of prevention of this sediment.

A member has just stated that a very small amount of impurity in 
the cement was sufficient to make large blocks of concrete break in 
pieces on being lifted —It seems hardly possible that the small amount 
of impurity “per ee " could have been the cause of the breakage — it 
probably acted by preventing the “ soluble silica ” from combining ; just 
as in the case of chemical experiments a very small amount of impu­
rity will often prevent a reaction from taking place.
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With reg ird to concrete used in winter the speaker has recently seen 
the result of experiments made in (iermany on the effeet of mixing salt 
with the water. It was found that concrete made when eight per cent, 
of salt was added to the water was very much stronger than that made 
with pure water when the weather was very cold. Unfortunately no 
mention was made of the strength of similar concrete made at a higher 
temperature. The salt seems to have kept the water from freeling 
longer and to have thus given the cement longer time to set.

As to the tests made of the bearing power of the sand on which the 
cribs of concrete were to be placed—a twelve inch pile was far too 
small, as the sand would yield under it by being displaced laterally 
— however, the experiments, if they gave incorrect results, would 
err on the safe side.

The speaker has not had an opportunity of visiting the works treated jw. jknsiitw, 
of in Mr. Boswell's paper, nor of conversing with any one connected 
with them. He has had only the paper to go by, and he hopes that 
much of the severe criticism he is about to utter may be found to have 
been made under a misapprehension of its statements ; yet, the paper 
seems plainly written and with a frankness very creditable to its author.

The paper is a very instructive one, but not in the usual sense of the 
term ; for it gives a description of things to be avoided, rather 
than to be followed. In short, it describes a work in which there is not, 
so far as the original design is concerned, one single solitary feature to 
be commended, and from which the only satisfaction to be derived by 
us is the fact that its designer was not a Canadian. It is not intended 
to include in this condemnation the gentleman who had charge of the 
work. He appears to have faithfully followed his instructions. The 
fault is clearly in the design itself, which exhibits an ignorance of 
practical hydrography that is appalling.

Taking the wet dock or Louise Basin, the walls enclosing it are 
found to be of different depths, so that the foundation of one wall at 
least is much higher than the bottom of the basin. Now, there might 
be good reasons for this if it was shewn that the bottom was solid at 
the depth given. The actual fact, however, appears to be that it was 
nothing more than sand, and not only that, but the depth of the sand 
and the character of its layers seem never to have been ascertained.

The veriest tyro knows that the amount, position, and shape of a 
sand deposit depends upon the currents which bring it to the spot, and 
that these depend upon the natural conditions of the river bottom, and 
the shores which confine it; and, finally, that any obstructions to or 
alterations in these will produce corresponding alterations in the 
currents, and consequently in the shape, position and quantity of the
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deposits. As the changes thus produced are subtle and difficult to 
predict, it is customary, in fact imperative, so to secure the foundations 
that they cannot be undermined. If, therefore, the walls cannot be 
carried down to a firm bottom, they should be built upon piles driven 
to the solid. In certain places, it is true, where the area outside the 
walls is valueless, spurs may be thrown out to trap the sand and make 
that part an area of depo'it instead of erosion ; but in a tidal river 
with an enclosed basin, the rising and falling tides will produce a head 
between the river and the basin, tending to set up currents beneath the 
foundation that will gradually undermine the wall wherever they can 
most easily work through.

Now, how were these walls founded ? Having experimentally dis­
covered tire bearing power of a blunt pile upon the sand, a sufficient 
number of short or stub piles were driven by a follower until their 
heads were all on a level, and cribs were then sunk upon them. That 
their actual individual bearing power was quite ignored, and the 
experimental test alone relied upon, is shewn by the fact that me, if not 
many, were so loosely driven as to be pulled out on will rawing the 
follower. And this was vo be the loun iation of a great id important 
work.

The puerility of such a design is shewn from the treatment of sand 
at the bottom of a river as if it was high and dry. Its author appears 
to see no difference between the weight and tenacity of dry sand, and 
sand only saturated, but diminished in gravity by the weight of the 
water displaced by it. The mere fact that the pile could easily be 
driven into the sand which was supposed able to support it, might 
have suggested that the seismic shocks, however slight they might be, 
to which the locality is subject, would tend to sink it further, when the 
weight of the wall was on it. It is much to be feared that though 
subsequent counsels prevailed, and the space between the bottom of the 
cribs and the sand was filled with concrete, the danger has not yet 
disappeared. At least it should be more clearly explained bow this 
filling was done, whether after the cribs were sunk or liefore.

The character, too, of the concrete itself appears questionable, both 
in the composition of the cement and in the broken stone used.

With regard to the first, it is the speaker’s firm opinion that no first 
class work can be obtained from mixtures of quick lime and cement ; 
that a cement found to swell or heat should at once be rejected, lie is 
well aware that a so-called hydraulic lime is much used in England for 
concrete, but his experience of it is that it is perfect trash, and that 
where favourable results have been claimed for it, still more favourable 
results would have been reached by the use of good common quick lime 
alone.
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Quick lime requires a long time to alack, and if mixed with cement 
cannot be slacked before the strength of the cement is greatly exhausted 
if not destroyed.

With regard to the broken stone, the use of large stones thrust 
among the smaller is very objectionable. In any given concrete 
mixture, the strength of the mass is in direct proportion to its homo­
geneity, and therefore great care should be taken in that respect.

Another remarkable point is the peculiar use made of bags of 
concrete, which are usually applied along the bases of sheet piling to 
make it tight, but which appear here to have been laid over the entire 
bottom. The extraordinary part, however, is that instead of being 
used so as to conform to irregularities which are really their only raison 
dftre, they were allotted to set partially before being placed, thus 
becoming as useless for such a purpose as so many rotten stones. The 
reason given for this is still more extraordin iry, namely, that it was 
found that the sand at the bottom sucked the cement through the bags 
out of the concrete. This remarkable supposition was supported, it 
appears, by the experiment of laying one bag on the sand, and suspen 
ding another free in the water. In the first of these ihe cement was 
found to have disappeared, and in the other firmly set in the concrete. 
Now the speaker has no hesitation in expressing his disbelief in the 
author's conclusions regarding this experiment, and if the latter will 
not only pardon but fellow the advice of an old engineer, he will be 
very careful in future not to jump at conclusions, especially in so 
unprecedented a case, without far more exhaustive experiment than 
appears to have been undertaken here. He will probably yet find in 
the experiment described that, owing to the condition of the bag, or the 
coarseness of the macadam, or the poorness of the cement, or all 
together, the cement was in the one case lost in the filling and not in 
the other.

The concrete appears to have been of the same coarse character as 
that used elsewhere, but the speaker’s practice has been to use only fine 
gravel when placed in bags, and either to use old flour bags, or bajs the 
interiors of which have been dredged over with wheat flour. That 
saturated sand at the bottom of a river could have any power of 
suction is simply incredible.

It is always an unpleasant and invidious task to find fault with the 
work of a brother engineer. It is far more pleasant to dwell upon the 
excellencies than the defects of a work ; but there are cases in whi h 
it becomes the duty of the older engineers to speak out plainly, le-t the 
younger members be led by their silence into receiving false principles 
of construction as sound.
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Mr.MacPher. This intere-ting paper has given a large amount of information 
eon' concerning what has certainly proved a gigantic undertaking, but it 

would be difficult fairly to criticise its merits, as an undertaking, without 
having thoroughly examined the location and the plans in detail ; 
in reading over the paper, however there are point* in the details of the 
work which strike one at once as admitting of explanation or further 
information.

For example, after testing the foundations for the quay wall of the 
tidal harbor, by means of a 12ins. xl2ina. timber standing upright and 
weighted, it was decided the resistance was sufficient ; now it is not 
told what the minimum resistance was found to be, per square foot, nor 
what the maximum weight is, which the finished structure brings upon 
such an end. The author will doubtless be good enough to inform us 
on this point.

The top of eribwork m the substructure is stated to be H above low 
water,why was it built so? Does the fact, that the timbers never really 
get dry, prevent them from rotting, just as if continually under water.

Tne work of constructing a coffer-dam for the graving dock seems to 
have been largely, if not entirely, experimental, as after the failure of 
the original dam, extra concrete walls were built inside the wing walls, 
and a layer of concrete 12 feet deep was placed over the whole area of 
basin inside the dam, this should have been successful if properly carried 
out, but for a second time the coffer-dam failed and the reason seems 
obvious. It was a novel idea, this attempt to mix pure cement, under 
water, with mud and sawdust, in the hope that it would form concrete.

This plan, if successful, might have revolutionised the old, slow but 
safe methods for foundations under water, where soft material overlies 
rock ; unfortunately it was not successful, for 12 feet in depth of this 
unique mixture, it scents a libel to call it concrete, would not resist a 
head of over 9 feet of water, and again this huge experiment in coffer­
dams was abandoned.

The third one was successful, but the gaving dock was shortened 65 
feet. It would be interesting to know what were the conditions gover 
uing its original length, and how these conditions were affected by the 
shortened dock.

Could the author give comparative figures as to what was the total 
cost of the two coffer-dams which failed, and what would have been the 
additional cost to have kept to the original length of dock by going 
further inshore.

Mr. Bovey. Mr. Boswell’s paper is one full of interest and of valuable information.
There are many points connected with the design and construction of 
the harbour works at Quebec of a novel and unique character, and of
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extremely doubtful praticc. What might almost be considered a 
dangerous experiment, is the method adopted in building the river w ill. 
Long timber stringers of large scantling run at short intervals right 
through the wall from front to back. In the settling of the concrete, voids 
will be left immediately below these stringers—and this has been found 
to have always occurred in concrete stuctures interlaced witli timbers— 
and channels will then be formed through which the water will have a 
free passage to the river. Whether the leakage will be so large as 
seriously to diminish the depth of the water in the dock, exp rience 
only will shew, but it certainly promises to be considerable.

The experiment of the concrete bags referred to by Mr. Boswell is, 
on the face of it somewhat extraordinary, and perhaps it might be well 
to assume that the bags were extremely porous.

The statements respecting the laying of concrete in cold weather are 
also of much interest. There now seems to be a general unanimity of 
opinion as to the practicability of doing this successfully, prodding due 
care it exercised. As far back as 1875 Mr. Chanute used both masonry 
and concrete in the Kansas city bridge, when the thermometer was very 
low. The water and sand were artificially heated, the result being 
that settling took place before the m iss was cool enouah to freeso. Mr. T. 
C. Clarke notes the fact, in connection with the Quincy Bridge, that 
some of the masonry was laid in place when the thermometer was as 
low as 16 ° F., rare having been taken to heat the water and s md, 
and to clean out the frost from the stones, by holding them over a 
charcoal brazier. Subsequent examinations have shewn no appreciable 
difference in the quality of the portions built during the summer and 
winter. Again, in building the New York wall, the Baud and broken 
stone were heated, and the work was carried on during the winter with 
most satisfactory results. On one occasion the thermometer fell to 
11° in the atmostphere and 32 9 F. in the water, but without 
detriment to the concrete.

Mr. Boswell has given various data respecting the change in bulk of 
the concrete materials before and after mixing, and the following 
might be of some interest, as they relate to a similar class of structure, 
viz. No. 1 Graving Dock Liverpool, Eng.

In 29,380 cubic yards of concrete, the proportions of material were— 
burrs 29,043 cubic yards, sand 14,615, Portl .nd cement 3,477, equi­
valent to 1 of cement, to 3'66 of sand, to 5 of stone in finished work

In Guernsey Mr. LeMcsurter found that 1 cubic foot of cement, and 
4 cubic feet of sand, when mixed with 1 cubic foot of watcr=whcn 
ready for use, 4 cubic feet, and that 1 cubic foot of cement and 5 cubic 
feet of sand when mixed with 1 cubic foot of water=when ready for 
use, 5 cubic feet.
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While in Liverpool 2361 cubic inches of Portland cement when 
mixed with 1287 cubic inches of water=2£50 cubic inches.

It is very true, as Mr. Bos» 11 says, that the strength of concrete 
depends very greatly on the ir -,gular sixo of the stones. The following 
experiments, carried out by Mr. Le Mesurier, of the Mersey Docks, 
shew this in a very marked manner.

All the blocks tested were 12*12 in. face, x 6 in. depth, and they 
were crushed after a space of 2 months.

The average crushing stress per sq. in. of 2 blocks made of fine river 
sand, ,'jth of the whole being cement, was 48 2 lbs. per sq. in.

The average crushing stress per sq. in of 2 blocks made of sandstone 
broken to a uniform size to pass through a 2 inch ring, ,',111 of the 
whole being cement, and the cement in the proportion of 6J to 1, was 
268'4 lbs. per sq. inch.

The average crushing stress per sq. in of 2 blocks made of large and 
small sandstone as broken by Blake's crusher, viz., 231 lbs. of stones 
under 6 in. * 13 in. * 3 in., 100 lbs. of Et mes under 3 in. cube, 41 lbs. of 
stones from siftings and 32 lbs. of sand from sandstone, with ^th 
cement and sand in the proportion of 1 to 4, was 324 lbs. per sq. in.

The strengths were thus in the ratio of 1: 4 2: 6-5. On the New York 
River wall the cr ..shing strength of concrete (1 of cement 2J sand, 6 of 
broken stone), varied from 944 to 1660 lbs. and averaged 1302 lbs. 
per sq. in. after setting 6 months.

Mr. Henshaw, when condemning the general design of the Quebec 
Harbour works, states, as one reason for doing so, that in the Louise 
Basin the foundation of one wall, at least, is higher than the bottom of 
the basin ; this is not, however, the case, and Mr. Boswell regrets that 
his description of the works should have been so ambiguous as to have 
led Mr Henshaw to suppose so. The least depth of the foundations in 
the outer or tidal basin is 24 feet below low water, the bottom of the 
basin being dredged to the same depth. In the inner or wet dock 
basin, the least depth of the foundations is 10 feet below low water, the 
bottom of the basin, in proximity to this wall, being dredged to the same 
depth. This, if not clearly stated in the paper, is shown to be the case on 
the drawings.

Mr. Henshaw has misunderstood the use of the stub piles. They 
formed no part of the original design, but were merely used as a ready 
means of preparing a level foundation on which to sink the cribs ; the 
first crib block was, in fact, as stated in the paper, sunk on sleepers ; it 
was only when this method was found to be cumbersome that the stub 
pile system was adopted. These piles were in no instance intended to 
act as hearing or foundation piles ; the crib blocks which rest on them
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were not intended so much to form a permanent portion of the wall, 
as to act as moulds for the concrete while setting ; " the wall, which 
consists of concrete, does not depend for support upon the cribs or stub 
piles, but upon the sand bottom, and as far as the stability of the wall 
goes, the stub piles might have been omitted.

Mr. Henshaw supposes that many of these stub piles were withdrawn 
by the removal of the follower; this is, however, a gratuitous assumption, 
as “it very rarely occurred.” Mr. Boswell agrees with Mr. Henshaw 
when he condemns a mixture of quick lime and cement ; Mr. Henshaw 
is, however, mistaken, when he supposes such a mixture to have been 
employed on the Quebec Harbour Works, as no mixture of the kind was 
used ; he does not, however, agree with him, when he condemns the 
use of stones of different sizes in a concrete structure ; when the work 
can be inspected, and the large stone carefully bedded in the matrix, 
there is no more objection to their being used in concrete than there 
would be in masonry.

The experiment with bags of concrete filled from the same mixture 
was made on several different occasions, with always the same result, 
which was that in the bag suspended in the water the concrete set 
perfectly, while the concrete in the bag placed on the sand bottom did 
not set at all. Mr. Boswell would prefer providing against such a 
contingency, when placing concrete in a plastic state under water on a 
sand bottom, than to trusting to an opinion or theory as to the impos­
sibility of such action taking place, until shown to be correct by some 
more tangible evidence than has so far been produced.

The difference between the results of the experiments, with hags of 
concrete, made by Mr. Evan», and ihose obtained at Quebec, may, as 
clearly pointed out by Mr. Irwin, be due to a variety of causes. For 
insianoe, the cement used by Mr. Evans may have been quick setting, 
so that the concrete might have had time to set, before the process could 
be checked, by the contact of the concrete with the sand bottom. Mr. 
Bovey supposes the bags used to have been porous, this they were, 
at they were old flour bags; but they were no more porous in one 
nstance than in another, the same quality of bag being used in all cases. 

When placing concrete in a plastic state under water, Mr. Boswell 
knows of no means of avoiding the formation of the laitance referred to 
by Mr. Irwin. The formation of this substance is. no doubt, a great 
objection to the use of plastic concrete, the quantity of laitance deposited 
being an indication of the amount of wash that has taken place in the 
concrete. No matter how earelully the concrete may be put down, a 
certain amount of laitance is sure to be deposited, which not only weakens 
the concrete by an actual loss of cement, but also, unless removed, will
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form seams in the concrete. Mr. Boswell has seen considerable quan­
tities of laitance formed by the wash caused by the tide rising over 
concrete, that had been placed in position from one half lo one hour 
before the water reached it. Any •emedy, which would prevent the 
formation of laitance, would undoubtedly add greatly to the value of 
Portland Cement concrete as a building material.

Mr. Boswell regrets that he is unable to give Mr. Macpherson any details 
of the experiment made with a 12 in. xl2 in. pile for testing the bearing 
power of the sand foundation, as it was made under the personal super­
vision of the then resident engineer, acting, he believes, on instructions 
from the chief engineers. The conclusion arrived at, however, was 
that the sand bottom was capable of supporting the weight of the walls 
without the intervention of foundation piles or other accessories. The 
reason the tops of the cribs or substructure were above low water, was 
to avoid setting masonry under water. The top timbers of the cribs 
are not exposed to the air for a sufficient length of time, to permit of 
their becoming dry.

The 12 feet concrete apron, forming part of the second coffer-dam at 
the Graving Dock, was put down with skips, in the-ordinary manner ; 
it was only at the junction of this apron with the inclined surface of 
the rock, and when pickets of sand were found, which the dredge could 
not remove, that the expedient of putting down pure cement was adopted. 
Mr. Boswell would certainly not reccmmend this method of getting 
over a difficulty.

Mr. Boswell does not agree with Mr. Keating in considering the 
failure of the first coffer-dam at the Graving Deck, to be due altogether 
to the quality of the concrete in the wing walls ; but more to the 
character of the sand foundation and the very probable existence of a 
seam of poor concrete immediate y over this sand bottom. The concrete, 
of which the walls and bottom of the coffer-dam for the entrance works 
of the cross wall are made, is of very nearly the same composition. This 
dam has been successfully unwatered, and has stood a head of 40 feet. 
As stated by Mr. Bovey, the timbers running through the concrete 
are very apt to form channels for the passage of water; this objection is, 
however, overcome to a great extent by the solid timbers facing the 
crib blocks, which prevents the passage of water to any large extent. 
This may be observed at the cofferdam for the cross wall entrance, where 
comparatively few of the timbers running through the concrete, lead in 
water, and this with a head of water of about 40 feet, whereas, on the 
completion of the inner basin, the head will not exceed 15 or 16 feet.

Mr. Keating has not stated the proportions of the aggreg ites iu the 
conoetre, in which he found the shrinkage to amount to 50 percent.
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The résulté given in the paper are based on careful measurements made 
when placing concrete under water ; the concrete was not, as a matter 
of course, punned, as this would only have bad the effect of stirring up 
the concrete, and thereby causing the cement to be washed out. That 
under ordinary circumstances the shrinkage can possibly amount to 50 
per cent., when the agcregates used are in the proportion of 4 parte of 
broken stone, 2 parte of sand, and one part of cement, seems to Mr. 
Boswell unlikely, as the shrinkage would then have to extend to the 
stone ; for instance, to make one cubic yd. of concrete in place, with a 
50 per cent, shrinkage, would require :—

Cement............................................................ 7*7 cub. ft.
Sand................................................................ 15*4 11
Broken stone......................................... ........ 30 9 “

Total aggregates...................................  54*0

These aggregates, when mixed and placed as concrete in the work 
would, according to Mr. Keating, only make one cub. yd.; to do this it 
would be necessary, after the disappearing of the sand and cement, that 
the stone, which alone amounts to 30*9 cub. feet, should shrink 3*9 
cubic feet, or from 30*9 to 27 cub. feet.

In the very interesting record of experimental facts regarding the 
shrinkage of concrete and cement mortar, given by Mr. Bovey, 
the results agree very closely with those mentioned in the paper, with 
the exception that the shrinkage of the concrete is greater than occurred 
at Quebec ; this is probably due to the difference in the character of the 
aggregates.

The conclusion to be arrived at by comparing these two records of 
the shrinkage of concrete, when used in any considerable quantity is 
that, in providing the aggregates, a loss of from 30 to 35 per cent, must 
be allowed for. Mr. Boswell’s principal reason for not mentioning the 
cost of the different works was that this information may be obtained by 
referring to the annual reports of the Quebec Harbour Commissioners.
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T. W. Harrington was a eon of the late Mr. Michael Harrington, for man y 
years a clerk in the Quarter-Master General's Department at Kingston.

He was born in Quebec in 1829. Shortly afterw -da the family moved 
to Kingston where he was educated at the Midland G un mar School, studied 
medicine for a short period with the late Dr. Sampson, and temporarily filled 
the position of junior clerk in the same office with his father. In 1850, he 
resigned this post and joined one of the parties engaged in making the prelim­
inary surveys for the Montreal and Kingston Railway, of which the present 
President of the Society, Mr. T. C. Keefer, was the Chief Engineer. He 
obtained this position on the recommendation of Colonel Baron de Rottenburg. 
He was subsequently employed under Mr. Keefer on the const, uction of 
the Montreal Water Works, where his ability and integrity became appa 
rent in the satisfactory manner in which he performed his duties as assistant 
in charge of the Aqueduct, obtaining considerable practical experience in the 
profession. Shortly after the completion of these works, in 1856, Mr. Keefer 
again employed him as assistant on the Hamilton Water Works, and here 
amongst other duties he superintended the construction of the large reservoir 
on the Mountain, the laying of the principal mains, etc., to the entire satis­
faction of his chief.

He was for many years first assistant in the office of the late Mr. 
Sippell, Superintending Engineer of the Lachine and Ottawa Canal, and 
under Mr. Sippell’s successor continued to occupy this position until his 
death, on the 26th October last He had been suffering for the past two or 
three years from a painful disease, so that his decease although rather 
sudden was not unexpected.

Mr. Harrington was of an amiable and kindly disposition, and made many 
warm friends amongst all classes with whom he was brought into contact. 
He possessed, under a simple and unpretending exterior, a large amount of 
common sense coupled with considerable executive ability and extensive infor­
mation. He was faithful and truthful, and it was certain that any work or 
business entrusted to his charge would be ably and honestly carried out.

It is well known that the value of his services a ere fully recognized by the 
Chief Engineer of Canals, with whom he was deservedly^ favorite employé.

Mr. Harrington was, it will be seen, amongst the number of those who 
joined the ranks of the engineering profession over 35 years ago, when the 
first important move was made towards the construction of the trunk lines of 
railway ; and at a time when the public works of Canada were on a compa­
ratively restricted scale. He contributed his share of diligent and faithful work 
towards establishing the present advanced condition of affairs, and leaves an 
example xvhich, in many respects, may with profit be followed by his youn­
ger professional brethren.
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