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ARMSTRONG ON TRANSITION CURVES,
VOL. VII, PART L

ERRATA, Erc.

U.8. Engineers and those preferring can read P for B at beginning
of curve.

In Fig. IT mark ° at intersection of tan from point. N with main
tan, and 2¢° the double central angle, clearly.

In Formula XI read Table I and add: 1f more than one chord
distance x By the square of chords and fraction. Working from BTC,
Dy, is zero,

In XZX note that “ lmLk sight from tan , to N—=1= NF -

In XXXIX lur( ’/ write (“)

In XLIII f (_C )" write g)

In XL VIII for Cv write C.0., and for the first ‘ to’ write 4,.

In LVII for i, + def " * * write i, + def 4, ., from tan at (pri-
mary pt) N,

In Table I, 2nd and 31d headings for ¢°, and N, write ¢/, and NV?;
below table for 4, .20 write 4, ,, or 4,; and =0 on; at end of line
tra,, add: when C'=10 fi; 8.8 N minutes when C'=20 ft ; and so on,

In Table II, 12° column for 173.86 write 178.86 ; after Def at head
of left column write 4,.

Add Table VL.

Nore—This leaf, including table VI, should be transferred to Vol,
VII, Part I.
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Thursday, 12th October. i
. MacPuersoN, Member, in the Chair.

The following candidates having been balloted for, were declared
duly elected as :—
. MEMBER.
WirLiam WarLter Lee.

ASSOCIATE M EMBERS,
Wirtian J. CArroLr, Roserr FrrzGiesox,
James A, Heskern, Ormonp Higman,
Artur L. HusBanps,
Paper NoS1.
DOMESTIC SANITATION.

By Aranx Macpoucanr, M.Can.Soc,C.E.

Sanitary science is now so well understood and has made such a
large field for itself, that we are able to find a sufficient number of men
practising as sanitary enginecrs, inspectors of plumbing, medical
health officers, health inspectors, and so forth, to make a paper on the
topic of domestic sanitation sufficiently interesting to occupy the
attention of the Society for one evening.

The object of the paper is.to elicit a good practical discussion, and
is addressed to those familiar with the subject, as it isd rawn from the
writer's experience of house testing,

In all large towns and ecities in the Dominion, plumbing regulations
have been adopted ; and as sewerage systems are constructed in smaller
towns, health by-laws regulating the practice of house sanitation are intro-
duced, There is as yet hardly any city in the Dominion in which we can
point to a fully equipped sanitary department placed directly under an
engincer who has made this branch a special study, or who stands in
the same relation to it as we find in Britain.

There, in many cities and towns, this work is placed under the
city or borough engineer, who has a special staff told off for this pur-
pose; they examine buildings, apply tests to the drains and plumbing
work, and report to the engineer. Considerable latitude or discretionary
power is given to certain members of this staff, who regulate matters of

L




160 Domestic Sanitation,

detail, interpret questions of minor importance, and apply to the head
of the department only on important issucs. The nearest approach to
this in Canada is in the city of Toronto, where a special staff are
detailed to this work under the medical health officer, the plumbing
inspectors being in another department under the city engineer, The
city of Montreal has lately appointed a sanitary enginecr ; sufficient
time has not clapsed since his appointment to offer a comparison
hetween the systems in operation in Montrcal, Toronto and Britain.

In Toronto under the plumbing by-laws plans have to be fyled and
certificates to commence work given before the work is commenced ;
certificates of approval after examination and test, and the final
certificate to the plumber have to be issued, and these are drawnin the
name of the City Engineer. Sanitary examinations of premises, exam-
inations of drains and plumbing and testing of the same are made
under the direction of the medical health officer, whose men apply the
smoke test when ordered and paid for, and notify the proprietor to
carry out the required repairs. The repairs are done under the plumb-
ing inspectors, who test them and issue the certificates to the plumber ;
therefore, in every house examination with repairs, two departments are
called in with some confusion of authority, The right to determine the
test of the plumbing by-laws is vested in the City Engineer, who does
not delegate to his inspectors any powers to make the slightest deviation
from the strict letter of the law.

The public has not yet awakened to the value of having correct plans
of the drainage of their houses registered in some public office where they
can be seen at any time. An arrangement of this kind will be of great
value, and prove its value when property changes hands ; the purchaser
can inspect the plans and know all about his drains, in the same way
in which he can search his title at the registry office. In the latter case
he is protecting his pocket, in the former his life and that of his family.

The fyling and registration of drainage plans will, it is hoped, be soon
recognized, and the fitting value placed on the work ; at present there
is too much slip-shod work permitted in the preparation of the plans,
Sufficient authority i~ not ziven to the City Engineers to enforce proper
compliance with the by-law.

In country towns where these regulations are being introduced, the
enforcement of rules, be they ever so simple, will prove beneficial, and
be appreciated by the public as they become acquainted with the value
of the work,
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HOUSE CONNECTIONS.
DRAIN LAYING,

No writer on domestic sanitation can afford to pass over the subject
of badly laid house drains. It may be true we are treated with this
topic ad nauseam, still we cannot fail to recognize the importance of
perfeetly designed, well-laid drains under a building, especially when it
is used as a dwelling-house, The prevailing practice in domestie archi-
teeture is to place all plumbing fixtures well to the back of the house ;
in commercial architecture—stores, warchouses and such like—the
same practice prevails ; instead of carrying the drain out in rear of
the building, it is usually brought under it, and discharged- into the
sewer in the front. It is not uncommon to find rain-water leaders
brought into the cellar, and connected to the main drain, when a mueh
better arrangement would be to carry them round the building on the
outside, or discharge them in the rear, When the drain is laid under
the cellar or basement floor, it entails on the owner a costly cast iron
pipe the whole length of his building, with cleaning screws, inspeetion
pipes, ete. ; or a fire-clay pipe whose joints cannot be guaranteed for
more than six months at a time. To form connection to the city
sewer, the public streets have to be torn open, too often, alas! just as
they have been newly paved perhaps with costly concrete foundation
and asphalt surface, and the city rate paid for forming the connee-
tion ; all of which in its most favorable aspect is several times the cost
of making a similar conncetion laid to a sewer in the lane in rear of the
property, or to a sewer placed in the rcar of the block for the special
purpose ol recciving the house drains, This main drain can be laid so
as to serve an entire block, if need be, and one connectivu to the city
sewer will answer, instead of one at every 25 or 50 feet, as we see in
every-day practice,

The writer cannot understand why arel'itects and those who are

engaged in designing baildings, aided by the army of sanitary experts
with whom we are blessed in the Dominion, cannot take a leaf out of
British practice in this matter. The average architect follows too
much the traditions of the elders, and fears to launch out into anything
new ; the plumber rubs his hands, and gleefully tots up the number of feet
of ““extra heavy" cast-iron soil pipe, with the aceompanying fittings!
DRAINS TO BE LAID IN REAR OF BUILDINGS,

The writer has advocated a change in the system of laying house

drains for a long time, without meeting with any success. He urged




162 Domestic Sanitation,

it in St. John's, Nfld., Brandon, Man., and elsewhere, but it has not
yet been adopted. Were he advocating something which was untried,
he would expeet hesituncy on the part of the public; in the present
instance there is nothing new,—the practice has been adopted in
Britain for well-nigh half a century. Examples of this are given i.
a work everyone knows : Baldwin Latham’s ¢ Sanitary Engineer,” ar 4
in Sir Robert Rawlinson’s “Suggestions for Preparation of Plans for
Main Sewerage Drainage and Water Supply (1878),” he shows by many
diagrams how house drainage, in rear of lots, is the principle he recom-
mends,

In a pamphlet issued by the city of Edinburgh, a copy of which was
lately sent to the writer, a plan was carefully elaborated as a specimen
plan of how new blocks of lund are to be drained, when subdivided for
building purposes. In this the house drainage was altogether in the
rear, aceording to the ¢ Suggestions” of Sir R, Rawlinson.
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The above cut is a diagram copied from Sir R. Rawlinson’s
“Suggestions.” Tt shews a block bounded by four strects, on which
the houses are close together, with no lanc in the rcar of the
lots. It will be obscrved there are three sets of drains within the
enclosure, the object of the diagram being to show different
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methods of connecting house drains, and how to treat vaults placed at
the ends of the yards. The English climate permits of outside
closets, which indeed can be used in Canada, if proper precautions are
taken and self-acting frost-proof valves are used, It will be noticed
that at the back of Cathedral street, one drain run in a straight line
can serve the backs of all the houses, taking both soil pipes and rain
water leaders; the drain commences at a manhole, and terminates at
one. In the rear of the houses facing on Mansfield street, there arc
two groups : in one 7 houses, in the other 9, are connected ; a person
who owned a block of buildings could drain them and have only one
connection to the main sewer, if his neighbors were unwilling to pay
for sewer accommodation. There is no lane in the rear of this block ;
had there been one, the writer would advocate putting a sewer down
the centre of it, and running each house connection into it. The
reader’s attention is specially dirceted to the manifest advantage: of
this system, which shows how a block of 40 houses can be thoroughly
and safely drained, and have only one connection to the main sewer
in the street, The short connection on Dorchester street conneeting to
the Cathedral street sewer is as thoroughly effective, and beyond all
comparison much safer as a question of health than a direct connce-
tion from the rear of each house, under the house, to the sewer in the
street in front of it.

According to stereotyped practice, there would be 16 connections on
Cathedral, 3 or 4 on St. Catherine, 18 on Mansfield, and 3 or 4 on
Dorchester street, 40 connections and tearings up of the strects, as
against one connection on Dorchester street, by the Rawlinson system.
The writer endeavoured to introdwce this system when in the employ-
ment of the city of Toronto, and had he remained in the service would
have done so as far as he could.

DEFECTS AND DANGERS OF PRESENT SYSTEM.

In the present practice the house drain connecting to the sewer in
the strect has immediately in front of the house on the lawn, or close
under the windows, or in front of the main door steps, as the case may
be (it depends on the distance the house is set back from the street
line), an unsightly iron pipe which rears a bent head to announce the
fact thot there is a water closet in the house,

The writer can point out some truly picturesque specimens of this
pipe planted in front of handsome villas, which destroy the whole
coffect of well kept lawns and trim flower beds. Independently of the
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@sthetic question, there is a consideration of health which cannot be
overlooked, There are in all our towns plenty of these pipes placed in
front of the house in close proximity to a window or a front door,
round which children play the livelong day, and beside which, or
within sufficient proximity, the family sit on a summer’s evening to
inbale the foul gases which undoubtedly escape from them, If the
house drain were carried in the rear of the house, the pipe known as
the ““fresh air inlet” would be practically harmless in the back yard ;
it could be placed a safe distance from windows, and offer no tempta-
tion to children to congregate or play around it.

Whe writer is firmly of opinion that the frequent occurrence of
zymotic disease, and the large number of cases which ocear yearly in
certain parts of Toronto, is attributable to the presence of these pipes,
which are to be found dircetly under living room windows and in front
of entrance doors, all over the city.

In the interests of the poorer portion of the community—the
working and labouring classes—a change from the present system of
house drainage would be fraught with the most beneficial results, A
cheaper system of house plumbing would be introduced, the use of
water in the family encouraged, and, without the shadow of a doubt,
the health of our working classes greatly improved. The proportion of
infeetious diseases, with consequent death rate, is not the record of
the health of the upper classes, it is a terrible record of suffering
amongst the poorer and labouring classes; and in spite of all that has
been written in papers, essays, and health reports, argued at health
conventions or medical meetings, the writer has failed to come across
any proposal to adopt the simple plan of a connecting drain in the rear
of the lots,

Writing from practical experience of many years, it is affirmed that
it is impossible to make an earthenware fire clay drain so air tight that
it will not leak at the joints after it has been laid for one year. Such
causes as shrinkage of cement, settlement of the pipe on the ground,
unnoticed defects in laying which passed muster at the time, contribute
to open the joints sufficiently to allow sewer air to enter the house.
‘The use of ncat cement in the joints, particularly of the quick setting
cements now so much the rage, causes cracks or ““ drys,” The writer
uses nearly 1 part of sand to 1 of cement when the trench is dry, and
finds the slower setting cements stand best,

The writer believes more ill health and disease are directly attri-
butable to the presence of the vitrified carthenware drain under the
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cellar floor, with its inferior and also imperfect connection to the soil
pipe, than to any other soutce. Add to this the connection of the
sub-soil or “ weeping "’ drains, and the condition of horrors is perfected,
The writer commends this to the attention of medical practitioners
health officers and heads of families,

SUB-SOIL DRAIN CONNECTIONS.

If the main house drain requires such careful handling, what shall
be said of the sub-soil or “weeping drain” which is so constantly
run along cellar walls and connected to the main drain in the most
delightful happy-go-lucky system possible? The general idea is to
connect the  weeping tile” to a rain-water pipe on which there is a
trap, and, as often as not, to the house drain direct without a trap; or
if a trap be put on, it is so placed that its presence is unknown, and it
is always dry | The writer examined a house lately, where a cellar
floor had been laid in concrete ; under it was a 4 inch tile drain, which
opened under a grating in oue corner to which the cellar was graded ;
at the opposite corner, carefully hid under the cement, was the trap,
which was dry, with a direct,connection to the house drain! It is
doubtful if sub-soil drainsare securely trapped when connected to rain-
water drains; the writer had jan experience of this, in a job of his own,
where *'ie sub-soil tiles were connccted to the rain-water system and
trapped by the rain-water pipes : on applying the smoke test, the smoke
came through, until the trap had been well flushed with water. The
inference in this case is, the trap had dried up enough to lose its seal.
It is always a safeguard to test these drains from the rain-water
system ; it may entail expense in digging up drains,—still, that is the
safest plan to adopt.

The writer recognises the responsibility he assumes in laying a sub-
soil drain, and in his practice almost invariably cuts it off from all
drains, and forms a cesspool or sumph, into which he leads these sub-
soil drains ; then he tells the proprietor his duty is to keep that sumph
dry, and thereby his family in good health. In altering work he is
sometimes obliged to submit to traps under the floor, to which rain-
water pipes are connected, and with them the subsoil drains; in all
such cases he always brings up a pipe to the floor level, finished with a
grating, and supplies the householder with a placard having the word-
“ FILL THE TRAP ONCE A WEEK " printed in large letters,

Tn laying * weeping tiles” on the outside of the walls, care must be
taken to lay them properly and cover them with sowe filtering material
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like broken batts, or stone. The writer was called in two winters ago
to a new house, where the cellar was flooded. On digging down to;the
“weeping tiles ” on the outside of the house, they were found to be
choked. After cleaning and relaying, a layer of batts and spauls cov-

ered with straw was laid on them, and there has been no trouble since.

DEFECTIVE DRAIN LAYING,

In the matter of drains under cellar floors the writer has had some
interesting experiences in the p@st 6 months, In one house a 6 inch
fire clay pipe had a'Y branch for the boiler ** blow off " left with an open
mouth ; 10 feet further a wash basin waste rested on a hole cut into the
top of the pipe ; a little further along was a trapona Y branch, out of
which the sewage flowed, as the drain was badly laid, and lastly at the
connection of the soil pipe, a very bad joint; yet, curiously enough, the
family seemed to bequite well!  In another, where the work had been
done under a soi-disant architect, a curious condition existed ; the build-
ing was the centre of three stores, and received the drainage of those
on the right and left. There were two drains in the building, one 2
feet lower than the other. Into this the buildings on each side were con-
nected, and this drain ran back about 25 feet, terminating in an open
mouth 3 feet under the floor. It is true it had a trap and beautiful
bent pipe on it, but the house drains connected far enough away from
the trap to leave sediment in the drain, and cause foul air to come from
the open end.

The centre building, the one in which the writer was interested,
had a drain through it for its entire length, 2 feet above the drain
already mentioned ; there was a trap at the front wall, another half way
back (about 25 ft. from the front), a Y branch 6 feet from the back
wall on which was a trap for the “ weeping tiles *’; directly at the back
wall a rain-water leader connected, and in the annex was the kitchen
sink. The building was used as an eating house ; the complaint was, the
drain was choked. An examination revealed 25 fect of 6 inch pipe at the
back almost solid with grease, the trap for the ‘‘ weeping tile ” choked
solid, the weeping tiles for over 10 feet also solid, and the earth satur-
ated with foul-smelling substance; and all this in 16 months! The
person who deliberately joined a vertical rain-water pipe to the waste
from the sink of an eating-house kitchen, and was guilty of such prac-
tice in plumbing and drain laying as was shown in this cellar, ought to
be severely punished.

—
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RAIN WATER CONNECTIONS,

Rain water pipes are frequently trapped at the foot of the vertical
portion ; the writer has found that this tends to freezing of the traps and
leads to their consequent destruction. He never places a trap nearer the
vertical pipe than 4 feet, and, whenever he can, groups rain-water leaders
and puts in one trap for all of them, near the main drain, where there
can be hardly any chance of freezing. In several jobs he has had op-
portunities of examining, he has found the practice works satisfactorily,
He desires to condemn the practice of connecting rain-water leaders to
the house drain under the cellar floor ; it matters not how well they
may be trapped, a stoppage in the main drain may back water into
them, and they are not as carefully laid beyond the trap as they are be-
tween the trap and the house drain. They are apt to lose their seal in
long dry seasons, when the air from the main drain enters them, passes
through the ¢ weeping drain " system, and poisons the atmosphere of
the house. There is also danger from the stoppage of the house drain
forcing grease, soil and other decaying organic matter through them,
and by reason of bad joints poisoning the air ¢* (o house,

DRAIN TESTING,

The writer looks upon his position when testing a house in the same
light as though he were a physician called in for a consultation on a
grave case, 'The physician can by medicine break the course of a dis-
ease and cure it, if he has healthy surroundings ; but so long as his pa-
tient is in a badly drained or defectively drained house, the chances of
recovery are small. The writer can trace immediate recovery in many
cases of typhoid fever and diphtheria to repair of house drains after he
had tested them.

It is not a very difficult matter to sit down at a smoke machine
and agitate the bellows and watch the float bob like a fisherman’s
float ; it is simple enough to put in a handfel of tobacco stalks,
light them, and fill the whole air round you full of tobacco. The
smoke is certain to penetrate the house, and your reputation as a
drain doctor is established, But drain testing means more than this:
after the main lines of soil pipe and fixtures counected to them have
been tested, the rain-water system should be tested, and if the pro-
perty is an old one, tests must be applied to ascertain the run of old
drains and a careful examination made for subsoil or *‘ weeping tile ”
connections, No cement-covered floor should be tested until the drain
is bared, and, whenever it can be done, the drain should always be
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laid bare before it is tested. The writer has had the smoke rise through
two feet of soil, when there were rat holes or cracks adjoining walls ;
otherwise, it is almost impossible to drive smoke through earth, Itis
surprising what revelations can be made when a thorough test is ap-
plied : sometimes it is expensive, and the householder does not care to
tear up cellar floors or incur the expense ; still it should always be
recommended.

Some years ago the writer renewed the plumbing in an important
city charity—an hospital. On testing with peppermint (it was before the
days of smoke machines), a strong odour was perceptible at the foot of
the soil pipe; no defeet of any kind could be found. After testing for
three separate occasions, the mouth of a disused rain-water drain was
discovered in the far off corner of the cellar. This was an interesting
case ; the rain-water drain was joined to the house drain on the sewer
side of the trap,

In smoke-testing, the possibilities of a good machine are very great ;
the writer uses a machine driven by a water jet, which he considers
more powerlul than the hand-blown machines. He has tested a double
line of 4 inch cast iron pipe 80 feet high, and 200 fect long, 60 feet of 6
inch pipe under the basement floor, and 100 feet of 2 inch iron waste
from a wash basin, in which he has maintained a heavy pressure for
over two hours, during which period he drove the water out of two
traps, one 15 feet, the othier 80 feet, below his machine, The writer
prefers to apply smoke at the upper end of the soil pipe, and drive it
through the drainage system, in preference to trying to foree it up
from the fresh air inlet. He has had failures when working from the
fresh air inlet, leaking closets or taps causing water to fall down a
soil pipe, induce strong downward currents against which it is very dif:
ficult to force a currert of smoke ; heavy damp atmospheric conditions
also militate against smoke rising. Many plumbers and plumbing in-
spectors contend that the most effectual test is to fill the pipe full of
dry smoke, driven in by the hand-blown machine, it being held by
them that sand holes or other finc imperfections in the pipe would be
covered by the film of water pouring down the sides of the pipe, if a
water-driven machine were used. The writer’s experience i, that the
wachine he uses has never once failed him, and that he has found
numerous defects in work passed as perfeet under the hand-driven ma-
chine.

Atteution must be given to the smoke in the pipe, to keep it from
condensing, while the work is under test and pressure is being applied
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to the system. Do not trust to the sense of smell, see the smoke com-
ing out of the defective places, couplings of closets to ventilation pipes
at the floor connections, lead joints of the soil pipes, cleaning screw con-
nections, ete,

FREEZING OF HIGHER ENDS OF SOIL PIPES,

In our cold climate considerable trouble is caused every winter by
the closing of the upper end of the soil pipe through the condensation
of the moisture rising from the pipe., Frost in the soil pipe assumes
differcnt forms : it may choke the pipe in a solid mass for the whole
length of the exposed part, leaving a small space round the windward
part of the pipe, or it may form ice round the pipe and leave a central
space for the vapour to ascend, or it may take a slushy form combined
in part with icicles inside the pipe, or it may turn to frazil in exceed-
ingly cold weather, The subject is an interesting one, as it affects divectly
the working of the trap ventilation and more or less directly affects
the health of the inmates of the building.

It was the custom some years azo to put on a cowl, or bonnet, on
the top of the pipe, with a view to inducing draught through the pipe.
A form extensively used in Toronto was of wire, and was known as the
“basket cowl;" this gave the soil pipe the best chance, It is a frequent
sight in very cold weather to find huge icicles pendant from the cowl on
the leeward side; the basket is almost closed with ice and the 4 inch
pipe reduced to less than 2 inches inside. The cowl has been aban-
doned of late years with good results,

The prevention of freczing or formation of ice in the extended por-
tion of the soil pipe is a problem which has been discussed at great
length, and constantly crops up in the professional papers. It has been
discussed quite recently in the Engineering Record. From the writer's
obscrvation, the closing of the soi] pipe is caused : (1) directly by the
use of cowls, particularly those like the ** Dunn,” *“Crown Ejector,”
“The Dome,” * Prince,” which are not now much used in Canada,
though they are in Britain; (2) not so directly by the use of the basket
cowl ; (3) the least favourable eondition is when the wouth of the pipe
is free.

Condensation of vapour arising from the soil pipe is the primary
cause of ice-forming. Snow in certain conditions will choke the pipe;
and in intensely cold weather, when the air is full of fine spicules ofice,
formations of a beautiful soft spongy nature take place in the soil pipe,
which may be likened to the soft ice which blocks water pipes, the béte.
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notre of water works managers, and known among us as frazil. The
writer had a curious experience at one time with this substance in a
house which had been lately finished ; the plumbing work was as per-
fect as it could be made, and gave satisfaction, until a very cold spell
settled down. Complaints were made of smells in the bathroom ; when
the fixtures were tried, syphonage took place, it was a puzzle to explain
the cause, After some hunting, the soil pipe extension was visited and
found full of this fine spongy matter ; the recurrence of this formation
again gave trouble shortly afterwards, and it was finally overcome by
putting an annular casing round the pipe, closing it at the top and bot-
tom, thus forming an air space. There never was trouble from it after-
wards; and in other cases where the same treatment was adopted no
trouble has arisen, and, as far as the writer knows, no freezing occurs
in the pipe,

IMPROVEMENT REQUIRED IN TRAPS.

Very little attention appears to have been paid to the improvement
of earthenware traps, beyond the abandonment of the old dirt collector,
in which the opening is over the centre and lowest part of the trap.
Though condemned by all authorities for many years, it is still figured
on the catalogues of all our drain pipe makers from some unaccount-
able reason,

The Croydon trap, commonly known in some parts as the “hand
hole ” trap, is the most extensively used trap in the market; it has
many disadvantages, and yet, no one, engineer or manufacturer, has
raised his voice against it. The defects are : its having the outlet and
inlet on the same level, and the hand hole so arranged that scum always
forms under the hand hole, which rapidly increases and fills the trap;
also that it cannot be properly leveled. The writer's experience is
that it is a very difficult job to get one of these traps satisfactorily set,
The only means of levelling it is by testing the water seal with smoke,
which it is not always practicable to apply when a house connection is
being laid. Hellyer objects to it on ace ount of the large seal (a 6 in.
trap requires 2 gallons), which prevents a ready change by a flush of
water, unless in large volume. When set in positio, it is on the
same level as the house drain. Any rise in the hand hole caused by grease
or other obstruction sends the water back into the house drain. This
trap is a prolific source of grease formation and chokings in house drains.

A lately patented trap of Canadian manufacture is the Maguire
trap. It has some of the advantages of the English made traps: the
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double basc enables it to be set accurately, the double hand hole
permits of ready access for cleaning, and also for testing the set-
ting when water sealed ; no scum or deposit can form on the surface,
as the inlet is 1% inches above the outlet. The 6 inch trap will seal
with 3 quarts, and be full to the lip with 5 quarts,

There are several English-made traps which have decided advan-
tages over the traps in use, especially over the Croydon. The first
point to be noted is the base on which they stand : this will enable
them to be firmly and properly set; then they all have the inlet a con-
siderable height above the outlet, thercby rendering the formation of
scum impossible and tending to keep the trap clean. The reader is
referred to Hellyer's * Plumber and Sanitary Houses,” as well as to
Doulton and other English trade catalogues for examples, such as
the Buchan trap, also Hellyer's “ ventilating drain syphon and
sewer interceptor,” in which there is a fall of 6 inches from the inlet
upon the trap; the angle of the inlet commends the trap to the writer.
Another, the ““ improved Kenon disconnecting trap,” has great advant-
ages ; the inclined inspection tube permits of ready access to the
drain beyond the trap; the disconnection of the drain at the trap,
which can be rendered more perfeet by employing the disconnceting
chanuel, is another point in its favour.

Disconnection in house drains has received no attention in Canada
or America, and yet it is a very important point.

The only traps in the market are the Croydon and Maguire ; there
are probably more Croydon traps used than any others. There is a
decided drawback in having the inlet and outlet on the same level.
This may be permitter in the S or running trap, but in the main house
drain a better trap is wanted. The writer believes there would be
less chokiug and stoppage if the water had a fall upon the trap : the
orease v ald not have the chanee to accumulate as it does in the
Croydon.

FRESH AIR INLETS,

The fresh air inlet is frequently placed direetly over the trap as
a continuation of the vertical pipe or *“ hand hole ;” this tends to ereate
a head of scum and dirt in the up cast shaft, and there are cases recorded
in which the cold air, when temperatures are about 0 Fahr,, striking
the surface of the water, has frozen the trap.

A better method is to lay a T conncction next the trap and bring
up the fresh air pipe from it ; this will obviate all chance of' cold air
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striking on the water of the trap. The writer finds the trap can be
more effectively cleaned by putting on a short Y junction over the
“hand hole,” and bringing up the cleaning shaft on an angle of nearly
45°. He would like to sce an adaptation of Hellyer’s * drain syphon,”
which he has shown to several of the makers, placed on the market. He
believes the advantages presented by them are sufficiently great to
supplant the Croydon, and he does not think they ought to cost much
more in the 4 and 6 inch sizes,




DISCUSSION.

Mr. Fleming said he thoroughly approved of the plumbing by-laws vir, Fleming,
in force in Torento, and had advocated the sume thing for Montreal on
various occasions. This system is very perfectly carried out in New
York. He also approved of the principle of rear drainage, as being
much more convenient for house connections and simplifying the piping
and reducing its amount. Of course this system can only be properly
applied to new terraces. The system exists in Montreal to a swmall
extent,

It is certainly desirable to get rid of the ugly fresh air inlets from
prominent positions in the front of houses, and 1t is good practice always
to get it as much hid as possible and as far from windows as possible ;
but that there is any danger from it in a well laid and well flushed
drain is, in the speaker’s opinion, doubtful, He has never heard of a
case of sickness being traced to this cause, and its presence is in any
case a greater safeguard than its absence.

The speaker said he agreed entirely with the remarks on the
unreliability of fire-clay pipes and cement joints for internal work.

The speaker has had many cases of illness resulting from improper
connection of sub-soil drains.  One special case was in a residence in
London, Ont,, where the plumbing was all that could be desired, and in
strict accordance with the by-laws of the province ; but the house was
nevertheless ventilating the public sewers direetly into almost every
room, owing to a bye-pass being established through the sub-soil drains.

The remarks on rain water system evidently apply to Toronto. 1In
Montreal there is generally no separation of the systems, unless when the
rain-water pipes terminate openly on the surface.

The examples of defective drain laying, which the author cites, are
of daily occurrence, and could be multiplied to any extent, showing the
importance of the subject.

As to the author's remarks on trapping rain-water pipes, the speaker
would say that this is the correct practice where it is necessary to trap
rain-water pipes,

As regards the author’s remarks as to the practice of connecting rain-
water leaders to the house drain under the cellar floor, this is eommon
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enough practice in Montreal, but in a manner which in mary cases
renders it perfectly unobjectionable: that is, the rain-water pipe is
treated as asoil pipe, and is of cast iron from the roof toits connection
with the drain, and untrapped so long as the pipe is not called upon
to do duty as a soil pipe and ventilator. There is no objection to its
direct connection with the drain in the manner described.

The speaker is inclined to favour the dry smoke machine with bellows,
from long experience with it, with highly satisfactory results,

The speaker has always condemned the use of cowls on soil pipe
ventilators, as increasing the chances of freczing. The pipe should
also be not unnecessarily exposed on the roof ; about 2 feet above the
roof is as high as it need go, and it may be protected by a jacket of copper
or galvanized iron with advantage, with an air space between the pipe
and the jacket, either left as such or filled with some non-conducting
material. The syphoning of traps in the winter time from the freezing
of soil pipe ventilators is a very common occurrence, The hot air from
the loft of the Louse is someétimes proposed to be allowed to es:ape
through a jacket round the soil pipe open to the outer air, but there is
always the chance by this method that foul air from the soil pipe may,
under the proper reversed conditions of internal and external air
pressures, descend into the house. The closed jacket will generally be
found protection enough, A good deal has been said about the trapping
of the main drain, causing freezing by arresting the warm sewer air
which would keep the ventilator open. The speaker’s experience is
that as moistare ascending in the pipe is the principal eause of freezing,
the arresting of the greater portion of that moisture by the insertion
of a trap and the admission of dry air by the insertion of a fresh air
inlet reduces the chance of freezing in very cold weather.

The traps which the author mentions as being in common use are
no doubt those in the Toronto market, but the ¢ Maguire” is the only
one of them known here, The ** Buchan ” trap, introduced by the
speaker, is thatin the greatest demand, and is about as simple and near
perfection as possible,
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Below is a sketch of the manner of fitting it in position with the
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A vertical shaft as cleaning eye is best with a ¢ Buchan " trap
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CORRESPONDENCE.

This very interesting paper on Domestic Sanitation by Mr. Alan
Macdougall opens up a subject for diseussion by the Socicty that is
well worthy of being carefully considered. Tt will, no doubt, give us
more data, taken from the experience of members, which is very much
needed. The views on the dangers of bad drainage systems are very
divergent : some being that it is the causc of all our ills, and others
that it does very little harm. An article written to the Engineering
Record by Dr. John 8. Billings begins with the opinion that the
danger from leakages in drains und piping is very much overdrawn
by plumbers; that there are very few microbes in drains and sewers,
and that most of these are preeipitated to the wet side of the pipe ;
that sewer gas is not very dangerous, and that sickness is very seldom
caused or conveyed by the drains, and typhoid fever almost never,
Jut towards the end of the article the suggestion is given, with ew-
phasis, that all drains shonld be perfectly tight, and should be thoroughly
examined and tested at leastonee every two years by a qualified sanitary
engincer,  In his book on “ Heating

and “ Ventilation " he expresscs
the same opinion. There is no doubt that the pathogenic germs do
not flourish to any great abundance in drains, but we know that there
are some there, and the writer has very often traced typhoid fever to
bad drains, also malarvia and severe debility.  In almost cvery house
where the drains are very bad there will be found to be an unusual
amount of sickness, In the writer’s cxperience he has so often fouud
this to be the case that no theoretical reasoning can convince him that
it is not. Where an open pipe eonneeted with the drains terminates
in a bedroom, he has always found sickness to inhabit the room. He
has regularly found very bad drains to be accompanied by sickness,
A very healthy family can resist the evil of smaller leakages, but the
weaker members give way.

That drains and general sanitary arrangement of liouses are much
worse than is usually considered is a fact brought home to everyone
who has had any experience in their examination.

The following is some data summarized from the writer’s experience
during the time he has been resident engineer to the Hamilton Sanitary
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Association, Ont. Of the total number of houses he has examined here,

the pereentage of houses having the following defect is given :—
Leakage in drains....eescseessssisssnsesesssnsaseessss90 per cent,
Serious leakage in drains ....c.cooiieiveeneniennin.. o 67 per cent,
Insufficient ventilation of drains.....................80 per cent.
Bad material in drains and piping........eveeeeee...65 per cent.

Bad arrangement ......ccovniiiiannnnns RIS vesss. 80 per cene,
N0 THosh 1Y $BIL, csa i snin - cunnsensersans ssavssseses. 3D por cent.
PHVY PitBcass surinessonsssssrorsnonsorsssnserinnsesess 30 PEr cont,

Water supply contaminated.....cuuenee
Bad fixtures ....... 35 per cent.
Two houses into same b per cent,
Rooms ventilated by air contaminated by sewer gas10 per cent.

«..00 per cent.

SR vy

Insufficient room ventilation........... sevs ssaesie .90 per cent.
Dark apartments containing fixtures...... ceennenn.2D per cent.
Pipes hid in partitions.........ccesveenes eos ssssnsessT0 per cent.
Cess pools.....s.us.. SRR sssssessee O per cent.

These are the best houses in the city.

When the writer was assistant engineer to the Montreal Sanitary
Association, the above defeets were found in about the same percentage
of houses,

Itis very common to find the main drain passing underncath the
house in a leaky condition. People dislike very much to spend money
to put in a good iron drain, especially if the house is not a very costly
one. It would be well if this could be avoided, but perhups running
all the liouse drains into a main drain in the rear might entail con-
siderable trouble. Itis an old idea, as Mr. Macdougall says, it has

becn well diseussed, and there is much against it and much in favour

of it,

The details, such as fresh-air inlets, trap ventilation, ete,, are constantly
being discussed in sanitary journals, The writer is in hopes that the
discussion on this paper will bring out valuable data gathered from
cxperience.

The negleet of proper room ventilation is, perhaps, more harmful
than bad drainage ; and when combined, as is very often the case, it
goes without saying that the dwelling is not a desirable one. In testing
drains, it scems to the writer that it isnot necessary to cover the drains
and piping in an ordinary test. Here is where the skill and experience
are required. If the drains in their ordinary condition do not show
any leakage when properly tested by a skilful and experienced hand,

*x
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it would scem that they cannot be very bad. The great objection to
having the drains and piping covered or built into the wall is thut
when a leakage is dotected it is very costly and inconvenient to repair
it. And when annual examinations are made, about 20 per cent, of th
houses will be found to leak at cach annual examination if the leakages
are properly repaired annually,  Hence all piping connected with the
drains should be exposed or only covered with a board that can he casily
unserewed and taken off,

It req, ires much skill an'd patience to properly test a large building,
for very often parts of drainage systems are disconnected by traps or
stoppages iu the drains, and also it requires diserimination to decide
whether it is likely the test will reach dead ends having vo ventilation,
ete.  If this is not used, the test will be useless,  The writer has tested
houses, and found them in a deplorable coadition, when a short tin
before they had been declared tight by the plumber,

There is continually much discussion as to the utility of an inter-
cepting trap on the main drain.  The writer thinks that almost all th
best sanitary authorities now consider it very nselul and necessary ; it
is certainly very uscful in testing the drains, If there is no inter-
cepting trap, it is impossible to get any pressure with the smoke test,
In testing the drains of one house in a street with smoke, the writer
has tested a whole row of houses connceted to the same sewer, with no
intercepting traps on the main drain. The people living in these
houses secing the smoke escaping from the pipes and eracks in their
houses often get a terrible fright, thinking the house to be on fire, Tl
drains in the poorer class of houses are nearly all very leaky ; the drain-
age of such houses is considered by the builders as a necessary evil,
They seem to argue it is something that does not make the house look
any better or more valuable ; and if the main drain is earthenware and
badly jointed, or not jointed at all, what diffcrence does it make to
them, for the residents will probably never know ?

Every city should have a sanitary engineer of education and experi-
ence to examine plans and profiles of the drainage system of cvery
house, and to sec that the drain is put in in exact accordance with the
plan or profile, or only modified at his discretion.  Until this is done we
cannot hope to have houses, often built for speculation or to rent,
crected with proper sanitary arrangements, The sanitary condition of
dwellings either affects or does not affect the health of the inmates ;
if it docs, the city authorities should protect the people who are
compelled to live in other people’s houses, by having proper sanitary by-
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laws and superintendence, If it does not, let us go back a hundred |
years and do away with sanitary arrangements altogether, 4

The relationship between the engineer and medical health officer M. 1. A. Davy.

of a city is seldom such as it should be, it being hard to define
where the duty of one ends and the other commences, which is often
intensified by the limited knowledge of and sympathy with cach other’s
profession.  Better results might be expeeted if the one individual
was trained for both Medicine and Engineering, and so make a perfect
sanitary officer, who should have full charge of the health of the city
and Il that appertains to it, even to the swecping and watering of the
strects,

et e

The great obstacle to putting drains at the back of houses is that : {
they have often to eross private lands ; but where there are lanes, it is o
becoming more and more advantageous 0 make unse of them, and to i
have only the main sewers on the main streets,

With regard to ventilating pipes (leaving out the mwsthetie considers
ation), the writer can see no resson why they are more objcctionable . ¥
in front than in the rear,—in fact, he thinks they are likely to do less
harm in front, as they will be better looked after, and the wind will

usually have u better chanee to blow away or dilute the gases, The

writer also thinks that quite as many people, if not more, will be found
ut the back of a house during a day as in front.

He quite agrees with the author in condemning vitrified earthen-
ware drains under ccllar floors,

Subsoil drains are always dangerous inside a house, and every cffort
should be made to keep them outside the foundations.

** Notices” to fill the traps are sure sooner or later to be forgotten.
If they have to be inside, the writer thinks the safest way is to connect
with some water pipe that is in constant use, such as a bath.

Thelicensing of plumbers and the granting of permits to use only cer-
tain makes of fixtures are not alluded to in the paper, but are certainly
very imyportant features ; and the writer considers them esseutial at pre.
sent, but, after a few years, might be done away with, as by that time the
plumbers and makers of fixtures would be educated as to the essential
features for making a healthy house.

Dr. Griffin, medical health officer of Brantford, Ont.—In Brant-
ford, no premises can be connected with the public sewers, unless plans
of the plumbing and drainage are made in duplicate, examined,
approved and endorsed by the city engineer and the medical health
officer,  One copy is filed in the City Clerk’s office and the other
returned to the plumber,

Dr. Griffin,
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There are many obvious advantages in the Rawlinson plan referred
to by the aathor. Fortunately in Brantford we have laid the sewer
connections in the most important streets to nearly all the premises
likely to require them, at the time of building the sewers, and have
consequently comparatively little annoyance from tearing up the streets,

Under the plumbing bylaw of Brantford, no trap is allowed
between the main sewer and the top of the soil pipe above the roof, and
no ventilating pipe is required or indeed allowed, This is, of course,
in connection with the ““scparate system " of sewerage.

No soil pipes are allowed within the walls of buildings and outside
for 3 feet, unless of extra heavy iron ; and if laid beneath the cellar
floor, they must be covered only by a movable cover, so as at all times
to be open to inspection without any tools.

Weeping drains are in no case allowed to conneet with the sewers,
They are continued as separate drains lying in the same trench with
the sewer, and discharged at the nearest couvenient point, of which in
Srantford there are many, the canal, the river, ete,

Blow-offs, ete., are with us not allowed to have any connection with

the sewer pipes,

Dr.P. H. Bryee  Dr, P, H. Bryce, Scerctary Provincial Board of H ealth of Ontario,
said the sugzestions contained in Mr, Macdougall’s paper on * Dom-
estic Sanitation ” scem to me in almost every instance to be extremely
valuable, timely and practical. T think that the house connections with
sewers by way of lanes must come in time ; although where lots are deep

| and present spaces between houses exist, as in most of Toronto, the cost

i to the house holder will not be much lessencd by the latter method.  In
Toronto clay tunnelling can and ought to be done, and so the road-
bed remain undisturbed, Too much eannot be said with regard to the

i dangers from weeping drains and tile drains wider or within house-

walls,

The paragraph on sub-soil conuections is vory zood.

| Dr.A Bethune Dr. A, Bethune, medical health officer of S aforth, Ont.—He has

I received a copy of the interesting and practizal paper on « Domestic

Sanitation.” From the manner in which the author has treated the

subject, it is evident that he has made it a special study ; and although

i the writer is not a specialist himself, yet the views of the author are
! so clearly expressed, that nearly everyone who devotes any attention or
! takes any interest in ¢ Domestic Sanitation ™ ean understand the

practical nature of the paper and acquiesce in the author’s views,
The writer was especially pleased with the pavagraph referring to
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“ House Connections” and “ Drain Laying,” which is one of the
gems of the paper.

Dr. J. Ryall, medical health officer of Hamilton, Ont., quite ne 5. Riall

approves of the author's remarks on * Domestic Sanitation.” He
considers that all sanitary work regarding building, testing siwers,
ete., should be under the inspection of a sanitary engineer who would
have full control over plumbers, Ile also thinks that every dwelling
should have its own independent connection with sewer, and no double
connection allowed, such as ' W*,,  Also that sewers would be much better
placed in the rear of houses when practicable to do so.  We frequently
meet with defective drain laying, and in some instances the capacity
of the sewer is not safficicnt to carry off the supply of water after
heavy rains, when many cellars become flooded thereby. The writer
certainly approves of a sanitary association that could be worked in
harmony with our Health Department.

Mr, Macdougall in reply said the objeets of the paper have been well Mr.Maedougall *

served by the interesting discussion and remarks made upon it by many
persot.: well qualified to do so. The concensus of opinion is in favour
of the arguments advanced by the author. Mr. Hopkins' remarks on
room ventilation bear on a very important point, which is fully pro
vided for in the health by-laws of DBritish towns and ecities; ac yet,
little or no attention hasbeen given to the subject in Canada. Fresh
air in sleeping apartments is of great importance, particularly in pub-
lic lodging houses ; the British public health by-laws define with exact-
ness the quantity of air required by each inmate, and, so far as the au
thor knows, these requirements are rigidly enforeed,

On the subject of fresh air inlets in front of houses and close under
windows, that is, within 10 or 12 feet of them, the author bas formed
very strong views, and is confirmed in his belicf that they are sources
from which zymotic discase ean be produced.

The author can hardly endorse Mr, Davy's views o f the relations
existing between the engineer and medical health officer : his relations
with the latter official have always been of a cordial nature,

The author takes exzeption to Mr. Fleming's remarks upon rain-water
connections.  Every soil pipe emits strong foul odours, which at times
are enough to make a person feel sick if he inhales the air for any
length of time.  As a safeguard the author declares in favour of trap-
ping all rain-water leaders, and not using them to ventilate in any way
the soil pipe. It is satisfactory to learn that a better class of trap is
so constantly in use in Montreal than the *“running” or Croydon trap.




Thursday, 26th October.

E. P. HaNNAFORD, President, in the Chair.
Paper No, 82.
PORT CRESCENT AND HER BREAKWATER.

By A. 8. Going, A.M.Can.Soe.C.E,

In January, 1890, the Port Creseent Improvement Company was
incorporated to build a town site at Crescent Bay, Clallam County,
State of Washington.

Crescent Bay is located, geographically, in Latitude 48° 10’
North, Longitude 123° 40" West, on the south shore of the Straits of
Juan de Fuca, 40 miles cast 6f the Pacific. It is a small bay, measur-
ing about one mile cast and west, by half a mile north and south,

It is the nearest point on the American shore to Vancouver Isiand,
and there is the possibility of a railway ferry from Creseent Bay to
Becher Bay on the Vancouver side.

A fine agricultural country adjoins it, and some of the finest timber
belts in the State of Washington are in the immediate vicinity.

Operations were commenced in February, 1890, by laying out a
town site on the bench above the bay, covering about 400 acres, the
frontage betwcen the town site and bay being reserved for railway
purposes,

The town site was laid out on the rectangular plan ; the streets being
80 feet and the avenues 100 feet wide,

Blocks were 200 feet by 300 feet ; lots 30 feet by 100 feet. The
tiers of blocks fronting on Crescent Avenue were given alleyways, 20
feet wide, the intention being to sell them as business blocks.

The streets were monumented every four blocks with stones planted
below the surface, at street intersections.

An accurate topographical map was made, from which all the street
grades were located.

Crescent Avenue was graded half width for its entire distance, A
pipe line laid from one of the streams near by furnished water, After
the town site survey was completed, the Company set men to work,
clearing the site and constructing a 50 foot roadway from the beach
to the bench above.
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The elevation of the town site at the north line, where the roadway
enters Crescent Avenue, is 220 feet above sea level. At the south line
of the town site, § of a mile distant, the elevation is 310 feet above
sCa lL‘\'t'l.

The roadway is 2,400 feet long, on a 9 p. ¢. grade, and was construct-
ed by building cribwork to sustain the embankment, the roadbed
being about £ in exeavation and 4 in embankment, The average slope
of the hill is 35°,

The erib work was built of cedar logs, dapped and drift-bolted. An
cizht-foot sidewalk with hand rail and a box gutter were built on the
outer gide of the roadway,

A ditch three feet wide and eighteen inches deep was excavated at
the foot of the hill slopes, thus reducing the roadway to about 38 feet
for traffic purposes,

The material excavated was hard pan and clayey gravel with some
rock.  The total cost of the road was $24,000,

The Company advertised the work, but the tenders were all above
the actual cost.

After clearing about half the town site, and completing the road-
way, hotel, wharf and other company buildings, attention was wiven
to the main scheme—that of enlarging and improving the harbour.

After making a thorough survey of the coast line for two miles east
and west of the bay, soundings of the harbour were taken as follows :
transit stations were established at different points on the shore: two
transit men observing from different stations read angles at cach sound-
ing, The recorder in the boat would wave a white flag for each sound-
ing, and at the end of 10 soundings would cheek the number by a blue
. the observers on shore replying with a similar flag.

About two hours was as long as the instrument men could observe
successfully, on account of the se vere strain on the eyes, They recorded
as well as read the angles on the verniers of the transits, Two Gur-
ley Mountain Transits were used on the work,  The boat erew con-
sisted of engineer, leadsman, recorder, and two carsmen. About 700
aceurate soundings were taken and reduced to low water level, before
being recorded on the map, The tide gauge was examined hourly
while the ~nunllings were in progress, and three times a day there-
after,

The bottom was found to be sandy, a few boulders being found near
the shore where the hil Isides showed rock formation.

The direction and velocity of the currents were also ascertained.
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The veloeity of the current between the reef and headland on the west
side was about four miles per hour, while on the east side it was much
less,

At the entrance to the bay, the two reefs shown on the accompany-
ing map were thoroughly sounded ; the largest reef, located on the
west side, being marked by a large mushroom buoy, set by the United
States Light House Department.

The idea was to connect the high headland on the west side of the
bay with the reef, thus increasing the size of the harbour and protect-
ing it from the heavy western swells which roll in during the winter
scason. The headlind stands 103 fect above sea level, and is mostly
solid rock., Tongue Point, on the east side, is a long low flat poing,
jutting out towards the reef, and was to be extended by a bre akwater,
Nothing has yet been done with this point. The breakwater on the
west being the more important, all attention was directed to this point.
It was to be a huee rock fill, 25 feet wide on top, with side slopes of 1}
to 1. The top was located 6 feet above high tide, or 16 feet above
low tide; 10 feet being the difference between high and low water

In August, 1890, drillers were placed on the point where the break-
water was to commence, and a tannel 4 feet by 4 feet| eross-scetion
78 feet long, with a T at the end 44 and 46 feet long respectively, was
excavated in the solid rock. The material encountered varvied in
hardness and texture, some being of a conglomerate nature, wl
other formations showed traces of ivon. T hree shifis of 8 hours cuch
worked in the tunnel.  The average eost was $6,00 per lineal foot.
Hand drills were used.  In September, the powder arrived from San
Francisco, and preparations were made to load the tunnel with 18,000
pounds of Black Powder anl Judson No. 2. On account of a scam
beinz found in the top of the hill, immadi ately above the tunuel, and
fearing the blast might prove a *“blow out " at the back, quite a number
of springing holes were drilled in the fae ¢ of the eliff, on both sides of
the mouth of the tunnel.

Wires were Liid, so the shot coull be fired by o battery 1200 feet
away. On September 28th, 1890, all connections were made and the
battery key sprung in; in a moment the work of days showed good
results. The springing holes did the work designed for them; the
huge mass fell forward and was throw n into the Straits in some places

150 feet from shore and in the line of the breakwater, A rough mea-
surement showed that about 15,000 eubic yards had been displaced and
at least 10,000 cubic yards loosened, ready for breaking and dislodgin .
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After the blast, preparations were made to commence the work of
filling in the deep channel. Workmen bezan elearing a space to erect
derricks and sheds for machinery. An average of' 30 men were em-
ployed in drilling, breaking and wheeling rock. ~As soon as possible,
tracks were laid, and push cars with a capacity of 1} cubic yards, were
built. After the breakwater had been extended about one hundred
feet from the shore line, piling was driven to facilitate the work,
The bents were placed 15 feet apart, and consisted of four piles nine
feet apart, sway braced, and capped with 12" x 12 x 32’ sticks, 40
pound rails were laid on 12” x 12" stringers, the track being double
and narrow gauge width, Ties were not laid on account of the
material being dumped between as well as on the outside of the stringer,
A slight grade of about four inches per onc hundred feet was given
the bank, so that when ears were loaded, two men could readily handle
them, The cars were built, so that they could be used for end or side
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dumping. The waterial handled contained about 5 per cent. gravel,
and efforts were made to dump the earthy material on the west slope.
The void space in the fill was estimated to be about 35 per cent.,
although, from the nature and size of the material placed in position,
it cannot be more than 25 per cent.  The rock cubes dumped in place
varied from 12 inches to 50 inches in diameter,

The average heizht of the rock bank will be 50 feet, with a width of
25 feet on top and side slopes of 11 to 1, giving an end area of 5000
square feet or 185 cubie yards per lineal foot,  Allowing 25 per cont,
for voids, would give 139 cubic yards per linea) foot, to be dumped
in bauk. The average cost of the work thus far has been about one
dollar per cubie yard, although some of the material has been handled
for forty cents a yard.  During construction, from 20 to 60 men were
employed, the foree being inercased or deereased as the work demanded.
The system of building the bank by evecting trestle-work and filling in
with rock has proven the most cconomical. Work continued during
the greater part of the year until November, 1891, when, owing to
the financial depression prevailing on the Pacific coast, the Company
decided to suspend operations until some future time. At that time,
the piling had been built out a distance of 405 feet from the shore,
and the rockwork extended 300 feet.  The severe storms of last year
carried away all of the unfilled piling, but the rock bank still stands
firm. The general slope of the banks appear from rough measurcment
to be about 1 to 1 for 20 fect from the top, then curving to about 2 to
1 slope. The curved slope has been eaused by the severe action of the
breakers running in during western storms,  Eventually the slopes will
have to be filled to 13 to 1, and on the west side 2 to 1.

Owing to the work being constructed in the Straits of Juan De Fuca,
which have a general width of from 12 to 16 miles, and being 40 miles
east of the Pacific Occan, the dangers to be encountered in construction
are not as great as if built upon the Atlantic or Pacific sea coast,
The prevailing winds arc from the west, although in January the
¢ North Easters” are the worst, and last from one to three days. The
currents sweep up the west coast, and shoot along the west side of the
headland, then turn northerly towards the reef, before curving again
to the east.

The soundings on the reef show a deposit of sand amongst the
boulders. This action of the currents is noticeable at Port Angeles, 16
miles farther cast, where a curved spit, 3 miles long, has been formed,
At Dungeness spit, 25 miles exst of Crescent Bay, is also seen the
same formation,
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The works have now stood the action of three scasons, and no doubt
when the banks are filled out to their original slopes they will be amply
strong,

This coterprise has 'been entirely carried out by private capital, al-
though it is expected, should the town ever amount to any importance,
that the United States Government will complete the breakwater on a
more elaborate scale, This enterprise is only one of the many projects
started in the far West, and shows what money and energy are expended
in building up the many hamlets and villages that now dot the Pacific
States.




DISCUSSION,

Mr. Smith said, referring to the map of Port Crescent, it would appear . C. B, Smith.

that too much land had been devoted to the streets in proportion to the
size of the blocks.  Out of every 112,000 square feet, 52,000 square
feet was given to streets, exclusive of alleys (which do not appear to
figure prominently). This is 463 per eent, or nearly one-half. Unless
this place is expected to be a very large one withheavy traffic, these
widths of streets will be entirely unnecessary, and entail heavy
expense for maintenance of street paving, cte.

Mr, Cuningham said he thought that the quantity of powder used, 18,- Mr. Cuningham. *

000 pounds for the 15,000 cubic yards of carth displaced, was a pretty
larze quantity. From cxperience he had in heavy rock work down at the
C.P. Railway at Eastman, where the sides of the cut were 50 feet high,
and taken out as a side cut, the powder used was } of a pound to every
cubic yard. The quuntity used at Port Cresecnt would be nearly one
pound and a third, He presumed this large quantity would have
been sufficient to lift more rock had it been required, but it does not seem
to have been cconomical. Possibly it was difficult to estimat beforchand
cxactly how much rock would be affected by the blast, and ample allow-

ance was made for the largest |w~~”>1v nlunl]lii"v.

Mr. Irwin remarked that possibly the large amount of powder used Mr

was more than balanced by saving in labour under the method adopted.
He would also remark that the tunnel driven in the rock scems, from
the diagram, to be cquivalent to 224 lincal fect. The cost per linea
foot being given as $6.00 (or approximately $10.00 per cubic yard),
the costof driving the tunnel would be, say, $1,344.00. If to this be
added 18,000 Jbs, of powder at 10 cts. per pound, we get a total of $3,-
144.00 as the cost of the tunnel, exclusive of the springing holes at the
front. These, together with the cost of the engineering staff, might
bring the actual cost of the tunncl and blasting, ete., up to $3,400,00,
for which 15,000 yards of rock were displaced and 10,000 yards looscned.
Assuming that the 10,000 yards loosened would be equivalent to 5,000
yards displuced, the result of the tunnelling operations would be
20,000 yards of work displaced for §3,400.00, or 17 cts. per cubic yard,

To blast the rock in the manner of rock cuttings, by drilling holes in

. Irwin




Mr. Sproule,
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the face, would have cost at least double this amount. Indeed. to b
the rock in this way would have required the removal of the most
the loose rock from time to time, which would have materially inereasc

whe cost, Perhaps Mr. Going could give the exaet or approximate t
i g

cost of blasting the rock, as the estimate given above is only arriy
at by guess work,

The speaker would also ask Mr, Going to furnish a cross section
the road down to the shore, which cost $10.00 per foot ruu, and
say if the 31.00 per cubic yard of the breakwater included cost of trost
plant and engineering superintendence,

Mzr. Sproule said, judging from many papers read before Engineerin
societies, it appears that the method of fixing the soundings by tl
transit is very often used where the box sextmt could be used to ore
advantage, lessening the labour in the field and in the office,

accomplishing the work in less time and at less cost.  In cases of v
precise and claborate soundipg the transit method would fix the position
more accurately, but the sextant method is preferable in ordinary cases
like that of the Port Crescent Breakwater,




CORRESFONDENCE.

Mr. Corthell said the only discussion that he wished to offer is in Mr. Corthell
reference to the slope proposed for the breakwater on the west. From
experience with work in exposed situations, and examinations of
harbour work in Europe, the writer is of the opinion that the slope
facing the sea is not sufficiently flat, and he would not think of placing
a dyke in such deep water exposed to swells, with a slope less than 3 to
1 down to a depth of 24 feet at least, if the work is constructed of
broken stone. 3 to 1 is about the angle of repose, and the resultant of
the continued action of heavy waves from swells, so that if the slope is
built steeper than 3 to 1, it is very likely that the waves will pull the
rock down in their recoil until they have made a stable slope which will
be as flat as 3 to 1. In a very exposed situation, 4 to 1 is still safer,

The writer said he was labouring under the disadvantage in this
discussion in not knowing the height and force of the waves, which he
hoped the author of the paper would give more fully before the discus-
sion is completed,

Mr. Going, in reply, says he agrees with Mr. C. B, Smith regarding Mr. Going.
the small lots and blocks, and desired to lay out the track into blocks
of 240' x 400’ or 240’ x 600, with lots 60’ x 120’, but was overruled
by the managing directors,

In reply to Mr, Cuningham, he would say that the general practice,
on the Pacific Coast, in using powder for rock-blasting, is to estimate
one pound of powder to one yard of rock.

The amount depends on the position and manner in which the cut is

tunnelled.

The texture and hardness of the rock also controls the amount to
be used.

In the Port Crescent blast, although about 15,000 yards were
displaced, and 10,000 yards loosened, so that it could be broken and
handied by derricks, quite a large quantity in the hill was so shattered
as to materially reduce its fature cost of excavating.

The blast was witnessed by quite a number of ‘ rockmen,” and
they all expressed satisfaction with the excellent results obtained,

The author is sorry he has not the data at hand to give the exact cost of
N
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the rock blast and also the road notes, as desired by Mr. Irwin, but has
compiled the paper from such maps and notes as he had in his pos-
session. In regard tothe cost of the wagon road, he would say that the
$24,000 covers all construction, removal of all dangerous timber on the
upper slope, and also removal of the numerous slides which came down
the steep hillside during the fall and winter of 1890,

The slope was extended until the slides ceased.

The 81 per yard of breakwater included cost of trestle, plant and
superintendence. The general wages were as follows :—

Ordinary laborers  $2 00 per day of 10 hours,

Rockmen $2.50 * “
Foreman $100.00 per month,
Stationary engineer $100.00 i
Fireman $2.50 per day.

Lumber $10.00 per M. B.M.

Should the breakwater be extended to the reef, the writer agrees with
Mr. Corthell that the west slope should be ultimately on a slope of 3
tol. Asitis only out 300 feet, the exposure is_not great emough to
do much damage with the present slopes.

The rock bank remains firm up to the present time, and answers the
present needs,




Thursday, 9th November,

E. P. HaxNAFORD, President, in the Chair.

Paper No. 83.
A CUBIC YARD OF CONCRETE.

By Henry F. Perney, M.Can.Soc.C.E,

With the disappearance of timber from the more settled parts of
Canada, and consequently its increase in cost, other materials will
eventually have to be used in the construction of our public and other
works, Heretofore, timber has taken the lead asa constructive material,
by reason of its existence everywhere throughout the Dominion, the ease
with which it could be obtained, and its apparent cheapness when
compared with other and much more durable materials. Fxcept in
Canada and the United States, the usc of timber has been to a very
great extent abandoned, and in its stead, iron, steel, stone and conerete
are used, the two first principally in superstructures, and the latter two
in foundations and superstructures as well; and of all these materials it
would appear that concrete has proved to be the cheapest and most
advantageous to use in the construction of break-waters, wharves, dock-
walls, sub-aqueous foundations, ete.; and the day is not far distant when
it will be fully comprehended that all large and important works in
Canada will, to a very great extent, have to be constructed with that
material,

The object of this paper is not to point out where concrete can be
advantageously used, nor to show that, though entailing a larger initial
expenditure, it eventually becomes, where depreciation through natural
decay and wear and tear, and the conscquent cost of repairs are taken
into account, cheaper than timber ; for a solid structure of concrete is
better in every way than the wooden boxes filled with loose stone, con-
stracted by private as well as public enterprise, which pass and serve as
wharves, breakwaters, bridge-picrs and abutments, ete., throughout the
length and breadth of our country ; but merely to make a few remarks
on the compos’wion and character of concrete as a constructive material,
without any reference to its use, or its cost, in both of which cases the
question of locality becomes an important factor.
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Concrete is an homogencous mass —in fact, an artificial stone, formed
by the admixture of lime, or cement with gravel, broken stone, sand,
ete,, in fixed proportions, the strength and durability of the compound
being directly in proportion to the qualitics of the lime or cement em-
ployed, the nature of the stone, sand, ete., selected, and the manner of
their admixture and mode of deposit in situ,

For the purpose of this paper, the subject has been divided into four
parts_as follows :—

1. Cement.
2. Components (stone, sand, ete.).
3. Mixing.
4. Deposit,

1. CEMENT.

In concrete, cement—for the use of lime will not be considered—
takes the leading place, and on its goodness the goodness of the resulting
mass depends, always provided that the other components are good and
the mixing, ete., has been honestly done.

By cement is meant that substance, either a natural or an artificial
production, which possesses the property, when mixed with water, of
setting in comparatively short periods, either in the airor in fresh or
salt water, and also of attaining greater strength and solidity with an
advance in age, and thege properties are possessed in their fullest extent
by what are classed as Portland Cements. It is true that certain
cements bearing local names, but not manufactured in the same manner
as the Portlands, possess the same properties, but only to a certain
extent, and often that extent is so small as to preclude their use in any
important work.

Portland cement is an artificial product, resulting from the mixing
of certain classes of limestone or chalk with clay of a suitable quality,
in fixed proportions, and calcining and grinding the product. In the
south of England the hard chalks and clay deposit from the beds of
geveral rivers are used, but in the north of England and on the Conti-
nent, limestone and field clay are the components, the proportions not
varying far from 72 per cent. of stone to 28 per cent. of clay.*

On analysis, a sample of good cement should show the following eon-
stituents:—

* G. F. White, ¢ Proc. Inst. C. E,,” Vol. 62, p. 185.
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Bilicasssssecsssssssssessesses sasnseess 22,23 per cent,

L T TSR 5 . | "
AIMR oo visssssnnvsisnais 7.22 ¢
Calcium oxide ..eveeee voeee 60.59 o
Magnesia.ccceeesernennnns sonenseiser 1,00 L
Sulphuric acid....csssssssserecceeses 100 .

Carbonie acid.... sssvess B0 6
Water combined with lime....... 1.05 o
Insoluble and other matters....... 1.69 i

100.00

In the above there are three constituents, which, when they exceed a
certain percentage, are objectionable, viz, : magnesia, when it exceeds
1} per cent,, and sulphuric and carbonic ucids, when they exceed 1}
per cent. Another objectionable eclement which cannot be detected
by analysis exists in the shape of free lime, but it is asserted that the
measure of carbonie acid is the measure of the amount of free lime*

Lately in England there has come into use a cement made from * slag,”
or the refuse from the blast furnaces in the smelting of iron, it having
been found to contain generally all the chief ingredients found in Port-
land cement; but all slags are not equally adapted, for those which dis-
integrate and fall to powder spontaneously are wholly unfit, but they
have been made use of by unscrupulous manufacturers, cspecially in
Europe, for the purposes of adulteration,

The following is an analysis of good slag given in the ¢ Proe. Inst
C. E.,” Vol. 105, p. 221 :—

Biliokisssssassssssss snsesinh cubsans o 24.19 per cent.
Iron 0Xide..iissssssesssorsessarcanse 0,98 “

16.30 a
46.53 =

Alumina..ceceeee

Magnesia ..cceoesnasensess sossiness 2,08 “
Sulphuric acid...cceessresssersesees 2,00 =
Carbonic acid ...... evessssssnsssese 0,60 o

Water combined with lime....... 6.45 "
Insoluble and other matters...... 0,94 “

100.03

It will be noted that there is a deficiency in calcium oxide (lime),
but this is made up in the process of manufacture, which is freely

* A pamphlet on Portland Cement, by W. W. Maclay, C.E.
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quoted as follows :—* The slag, as it emerges from the blast furnace, is
passed through a stream of water, which reduces it to a spongy and
readily crushed material known as‘slag-sand,” which is ground to a
five powder between mill-stones. As no slag in itself contains a
sufficient amount of lime to produce cementitious action, the requisite
amount is made up by the addition of 25 per cent, of the mixture of
tlaked lime, obtained from pure or fat limes, which in the act of slaking
fall into an extremely fine powder, finer than can be produced by any
mechanical means,

‘ After the mixture of the slag-sand and lime, a charge is passed
into a metal cylinder about 4} ft. in diameter, partly filled with iron or
steel balls from 1 to 2 ins, diameter.  This cylinder revolves horizontally
and slowly, and in consequence of the crushing and pounding action
of the balls, the friction betwcen them, and the very complete inter-
mixture of the ingredients caused by the rotary motion, the particles of
lime and slag are most intimately united and reduced to a smooth silky
powder, resembling to the touch the finest flour. After remaining in
the drum for about one hour, the contents are withdrawn, and the ce-
ment is ready for wse.

“The under-mentioned results were obtained in testing samples of
slag-cement at the Royal Testing establishment for Building Materials,

Berlin, Germany :—

per 8q. inch.

Tensile strength } Compressive strength

Remarks.

per sq. inch.
Mixture. | 7 days. [ 28 days. | 7 days.
1bs, 1bs, Ibs.
Neat. 647 692
1 ct. 3 sand. 427 509 3,376

28 days,

]l!‘.

4,269

I'he briquettes
were one day
in the air,
the remain-
der in water.

“In colour, slag cement is lighter than Portland, and, owing to its
fine grinding and partly to a lower specific gravity both of the slag and
the lime, the weight per cubic-foot seldom exceeds 75 1bs.” *

The process of manufacturing Portland cement need not be deseribed,
as it is now well known, but it differs materially from that adopted for
slag cement, and it is at once apparcat that it is a much more extended

and therefore a more extensive process.

* « Proc. Inst. C. E,,” vol. 105, p. 221 et seb,
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The goodness of Portland cement depends:—

(1) On the proper constitucents of the materials employed ;

(2) Upon their being properly mixed in the right proportions ;

(3) On the exact amount of caleination ;

(4) Thedegree of fineness to which the clinker is reduced by grinding;

(5) The thoroughness with which it has been sieved to obtain only
the finest particles, and the rejection of all coarse parts ; and

(6) A careful air-slaking for at least one month, to permit the cement
to cool and purge itself of free-lime.*

Uniform fineness is almost an absolute necessity, and in passing a
sample through a sieve of 76 meshes per linear inch, or 5776 inches
per square inch, not more than 6 per cent, of residue should remain on
the sieve, All coarse particles, such as small lumps of unground or
partially ground clinker, are not of any cementitious value, indecd it is
better to use more coarse sand in conerete than such particles, because
they can only be regarded in practice as sand, as they reduce the effec-
tive proportion of the ecement,

To show the effect of coarse and therefore inert particles in cement
in the manufacture of conerete, take a specification which requires
concrete to be made with 6 parts of broken stone, 2 parts of sand, and
1 part of cement, the product being known as 6 to 1 concrete, and
suppose that a sample of the cement supplied, on being sieved through a
standard sicve, leaves a residue of 20 per cent. of coarse particles, then
the actual available amount of cement is 80 per cent., and the mixture
becomes 73 to 1, instead of 6 to 1, as called for.

Authoritiest consulted in the preparation of this paper agree on
the necessity of' demanding a properly ground cement, for exactly in
the degree that it is not so is its value as cement thrown away, as
the particles of hard clinker which will not pass through a 2500 mesh
gieve will not give any good results, In Germany—and it may here
be stated par parenthése, that the German Portland cements give, as
a rule, better results than those of English make, fine grinding being
required—the recognized standard is that the residue must not exceed
20 per cent. on a sieve of 900 meshes per square centimetre, or 5806
G

* Vide General Scott’s paper in « Proc. Inst. C. E.,” vol. 62, p. 70 et seq.

t John Newman, * Notes on Concrete and Works in Cement.”

General Scott, ¢ Proc. Inst. C, E.,”" vol. 62, p. 202,
M. Meyer, . L . w p. 224.
Dr. Michaélis, s ® = “  p. 233,
J. A. Spoor, “ Engineering,” 14th August, 1885, p. 145,
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meshes per sq, inch, but an article which will only leave 10 per cent, is
supplied. In England the residue left on a sieve of 2850 mcshes per
8q. inch varies from 15 to 27 per cent,

The weight of cement per cubic foot cannot be taken as an indication
of its strength, for a heavily burnt clinker, if coarscly ground, will
produce a heavier article per cubic foot than the same elinker will when
finely ground, but the latter article will give the better results in use,

The average weight of a cubic foot of Portland cement, when filled
into a measure from a hopper with an average drop or fall of 18
inches, may be taken as 85 Ibs, ; and, according to Fresenius, its specific
gravity should vary but very little from 3.10.

Thereare two modes of testing cement,—the chemical and the mechan-
ical. Relative to the first, a writer® remarks that ¢ although chemistry
has enabled definite conclusions to be drawn as to the constitution of
cement, and the value of the various materials used in its manufacture,
it cannot be said that for the purpose either of the maker or user it is
of much practical service in rapidly testing the finished product in the
market, Chemical analysis requires a special technical knowledge and
skill which is not often available, and a chemical analysis in itself is not
a sufficient criterion of the worth of a cement. It is possible to get
an article which from a chemical point of view may be perfeet, and yet
in practical use may be worthless. In the manufacture, in controlling
the operations of the factory, chemistry cannot be too highly valued ;
but in dealing with the finished article it is unnecessary,and the
ultimate test is its adaptability and cconomic worth as a material of
construction, and this cannot be made by any better method than by
an examination of its behaviour when in intimate conjunction with
water and sand or other aggregates, thus placing it under conditions as
nearly similar as possible to those under which it is used.”

Fetting aside then the consideration of a chemical analysis, the
mechanical test is within the compass of every person using cement in
large quantities, or of the engincer having charge of works in the con-
struction of which cement is an important factor,

The mechanical test may be divided as follows : —

Specific gravity.
Weight per cubic foot.
Fineness.

Tensile strength.
Adhesive strength,
Compressive strength,

* J. A. 8poor, “ Engineering,” 14th August, 1885, p. 145.
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SPECIFIC GRAVITY.

The determination of the specific gravity of a sample of cement re-
quires only a small amount of inexpensive apparatus, and the result is
obtained in a few minutes, The apparatus required consists of a glass
flask to hold 100 cubic centimetres when filled to a mark on the neck,
and a burette with a glass stop-cock, to hold the same quantity, gradu-
ated to 1-10 of a c.e. The modus operandi wili then be: thoroughly
dry a quantity of cement (4.4 oz. will answer), and from it weigh out
100 grammes. Fill the burette with the best quality of turpentine or
coal oil to the 100 e.c. mark, then draw off into the flask, say, 60 c.c.,
after which, through a funnel, deposit the cement in the flask, which
fill from the burette until the fluid reaches the mark on the neck ; read
off by means of the graduated scale the quantity of fluid left in the
burette, and dividing 100 by that quantity, the result is the specifie
gravity, For example, the bureite shows that 67.5 e.c. were required
to fill the flask to the mark on its neck ; then 100 — 67.5 = 32.5 c.c., the
quantity remaining in the burette, and 100 + 32,5 = 3.077, the specific
gravity required, Of course this is only a rough-and-ready way of
determining specific gravity, but, with care and practice, resultsapproach-
ing correctness can be obtained.  An apparatus known as Schumann’s
gives good results, but the process is somewhat tedious, and there is
always a chance of breaking the joint between the graduated stem and
the flask, in which case the test becomes useless,

WEIGHT PER CUBIC FOOT.

As previously stated, the weight of a certain measure of cement can-
not be taken as an index of the results to be obtained from its use, but
the purpose of this sub-test is to determine the average weight for eal-
culating and estimating cost, as will be referred to hereafter,

FINENESS,

In Germany a code of regulations exists under which cement must be
manufactured, and for fineness of grinding it is stipulated that the
residue left in a sieve of 5806 meshes per square inch must not exceed
20 per cent., and, as previously stated, it is ground so fine that the resi-
due does not exceed 10 per cent. In England no standard exists, and
as a consequence the cement is coarser, the objection to fine grinding
being the extra expense, which competition will not warrant, Ifa finely
ground cement is offered, its finencss is dependent upon two things : (1)

|
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that it is a good article and well ground ; or (2) that the article has been
“over-clayed " and lightly burnt. A quotation is applicable here: *
“Lightly burnt cement at 7 or even 28 days may appear to be superior
to the heavy, which is with difficulty ground as fine as the lightly burnt ;
but in the long turn, the heavy, if' not coarsely ground, will surpass
the lighter article ; and if the heavily burnt were as finely ground as
the light, it would be a great deal stronger from the beginning, the time
of setting being the same, Fine cement, as it takes more sand, goes
further than the coarse, and it is also much safer where it verges on
the blowing point from an excess of lime. By whatever process fineness
is secured, the effective guality of the ccment is improved, but the
coarse, and generally the stronger, part should be re-ground and mixed
with the finer. Ileavy eclinker ground fine will, when tested, give
higher results than lighter eement of equal fineness obtained by sifting.
The difference in strength of coarse and fine cements is not ascertained
by testing them neat, for of the two the coarser would generally appear
to be the stronger, and it is only when mixed with sand that this can
be seen.”

For concrete, as for mortars, cement cannot be ground too fine, and
as cement should be sold by weight, and not by the barrel (which last
in the English market is an uncertain quantity), it is by weight, com-
bined with fincness and tensile strength when mixed with sand, that
the relative economical value of different cements can be obtained.

TENSILE STRENGTH,

Anomalous as it may scem, Portland cement, except in rare cases,
or under very exceptional circumstances, is not used neat, and yet here-
tofore all tests to ascertain its strength have been made with blocks,
specially prepared from neat cement alone. Happily a change has
taken place, and the German system now obtains of making the blocks
(briquettes) out of a mixture of cement and (normal) sand, in the pro-
portion of one part of the former to three parts of the latter, thus
approximating the resulting mass to the mortar actually used on works,
English manufacturers and English engineers did not at first take kindly
to this radical departure from the old groove, but it has been accepted,
and, it may be said, with advantage to the user. When cement is mixed
with sand its strength is reduced, or, in other words, neat cement is
stronger than any mixture that can be made with sand, and there-

* Grant, “ Proc. Inst, C.E,” Vol. 62.
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fore, to comply with a standard fixed as the tensile strenzth of a mix-
ture of one of cement and three of sand, the cement must be of a high
quality.

Formerly for testing the strength of cement the briquette was, at its
smallest part, 1% inches square, or 2} square inches in area, Of late
years the shape of the briquette has been changed, the smallest part
being 1 inch square, or 1 square inch in arca, thus facilitating the
manuficture and testing of a greater number of briquettes during a
day, and the use of smaller and more casily operated testing apparatus
and appliances,

In the preparation of briquettes, all are agreed that whether of neat
cement or of an admixture of cement and sand, only a certain percentage
of water, say 20 per cent, by weight for neat cement, and 10 per cent.
for sand and cement, is required; and that the mixturc should be
pressed solidly into the moulds, 1\|v|u|'x|u~ has been devised and used
in the Eogineering Department of the State University of Towa, U, 8. *
for making briquettes in which the pressure exerted on the compound
is placed at 150 lbs,, and it is claimed that the briquettes made in it
give more even results on being tested.

An excess of water weakens both eement, mortar and conerete, and
no more should be used than is necessary to work up cither into a plastie
mass and make it fit for use ; more than the proper (uantity produccs
porousness, and retards the process of sctting and hardening,

Relative to the making of brigquettes, the following has been freely
condensed from a paper by the late John Grant, to be found in “ Proe.
Tost. C. E.,” Vol. 62, p. 122.

To make 10 briquettes of 1 inch square scetion for a “neat” test,
3.2 Ibs. of cement ure required; for a ““sand test,” 1 Ib, of cement and
3 lbs, of sand must be provided. Withnewly ground and quick setting
cements it is important to ascertain if they are fit for immediate use, in
which case two cakes of neat cement, 2 or 3 inches in diameter, and
about } inch thick, with thin edges, should be made, and the time noted
in minutes in which they set sufficiently to resist the impression of the
finger-nail.  Onejof these cakes, when hard enough, should be placed
in water, and examined daily to see if' it shows any tendency to “fly”
by cracksof the slightest kind beginning, and being widest at the edges,
With slow setting cements, however, cracks on the surface, beginning at
the centre, are merely the result of the surface drying too rapidly upon

* Pop. Science Monthly, March, 1891.
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exposure to a draught or toexternal heat, The second cake should be kept
in air and its colour and behaviour noted.

The sand to be used should be washed and dried, and only that
portion which will pass through a sieve of 20 and be caught on a sieve
of 30 meshes to the lineal inch should be used. For briquettes of
3 of sand and 1 of cement, 10 per cent, of the weight of the united
cement and sand will serve, but when of neat cement, then, as previously
stated, the water should be inereased to 20 or 25 per cent.  Sufficient
water must, however, be used to make a stiff paste and nothing more,
A number of pieces of wet blotting-paper, a little larger than the mould,
may be laid on the slate, marble or glass bench, and a mould placed on
each, The moulds are then filled......the mortar being beaten till all
the air has been driven out and has become elastic, the surplus being
cut off and the surface left smooth, Dr. Michaélis of Berlin recom-
mends what is known as the gypsum-plate process, which, however, is not

)

adapted for very quick-seiting cements nor for briquettes made with a
wixture of sand, The cement is mixed with from 30 to 35 per cent,
of water, and poured into moulds resting on sheets of wet blotting-paper
laid upon plates of plaster of Paris, the moulds being tapped or shaken,
About 50 per cent, of the water is quickly absorbed, and if necessary
more cement is added, and the surface having been smoothed with a
trowel or knife, the briquettes ave dexterously dropped out of the mould,
This process is a very quick one, and Dr. Michaélis claims for it that
it leaves only the amount of water which is required by the cement for
setting properly, and that greater uniformity is attained than by any
other process, The briquettes ean thus be made denser, taking more
cement, and breaking frequently under a strain about 50 per cent,
higher, or even more. Mur. Grant, however, questioned this, as he
had not succeeded in getting more uniformity from briquettes prepared
in the manner described than from those made according to his own
process.

When the moulds have been filled, the briquettes are numbered,
covered with damp cloths, and set aside till they have set sufficiently to
be removed from the moulds; after which they remain, still covered
with the damp cloths, in the air, for 24 hours from the time of muking,
and are then placed in water tanks, there to remain, the temperature
of the room ranging from 60° to 70° Fahr., until required for testing,

The form of the test briquette approved by the American Society of
Civil Engineers, aud adopted in all standard cement tests, is shown as
follows :—
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For breaking this briquette there are many machines in existence,
and each maker claims superiority for his machine over all others, but
there is one uncertainty about them all that no two or more of them
using the same make of briquette give the same result—all differ; and
as there is not a standard to which reference can be made, it only re-
mains for the purchaser to choose for himself and select what he con-
giders to be the best machine,

The first testing machine was made by Patrick Adie of London,
England, and for many years it remained the only machine, but as
time advanced it was considered that the briquette nsed with it, with
its minimum area of 2.25 square inches, was too large; and as the re-
sults obtained had, for the sake of comparison, to be reduced to the
standard of one square-inch, the shape was modified and the size re-
duced to give a minimum area of one square-inch, and this led to the
introduction of small, compact machines, in which the travelling weight
and the long graduated bar of the Adie machine was replaced by com-
pound levers, and the gradual increase of strain obtained by means of
the flow of water or fine shot into receptacles, or by the use of a
worm wheel raising a heavily weizhted lever, or by a serew acting in
conjunction with a spring balance, cte.; and yet in all of these there
was a cause for complaint, viz., the clamps in which the briquettes are
placed and through which the strain is transmitted ; for though
theoretically the briquette is supposed to break in the middle, where
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its area is a minimum, in practice only a percentage do so, the cause
being traced to (1) the shape of the clamps where they grip the bri-
quette, or (2) the strain not being transmitted in a direct line. It is
not purposed to discuss the merits of the testing machines in use, or
what is the proper sort of clamps to employ ; to do o would require an
intimate acquaintance ith each machine and the results obtained by
it, results which could vot be compared with any degree of satisfaction
with the results of other machines, For instance, it is claimed by H,
Faija, Ass, M, Inst. C. . (Vide “ Proe. Inst. C. E.,” vol. 75, p. 216),
that the strain on the briquette should be applied at an even and regular
speed, and he suggests that the standard speed should be 100 Ibs. ap-
plied in 15 seconds, or a little slower, and certainly not slower than 100
1bs. in 30 seconds, on account of the length of time which a test would
occupy, vs if the saving of a few seconds of time is of more importance
than the determination of the correct tensile strength of the cement
under examination,

The following table has been extracted from Mr, Faija’s paper, for
the purpose of showing that the speed with which weight is applied is
an important factor, and that it is possible to obtain results from the
same sample of cement which are totally at variance with each other
and, it may be said, are not trustworthy.

“Summary of resuits of experiments to determine the difference
obtained by applying the weight to the briquette, when testing for
tensile strength at different speeds :—

Number of Average
Briguettes, Speeild Result
‘ Ibs. secs. Ibs.
129 100 in 1 560.75
129 100 “ 15 506.43
145 100 * 15 452.20 |
145 100 “ 30 130.96
o 100 = 30 | 417.27
90 100 ¢ 6o 403.056 |
[~ 40 100 ¢ 60 16.75 [
T 40 100 120 400.87

From the foregoing results it will be seen that the increase per
eent. due to inereased speed of applying the strain is as follows : —
Taking the lowest speed of 100 1bs. in 120 scconds as a starting
point, by applying the strain at the rate of—
100 lbs. in 60 seconds, the increase is 3.960 per cent,
9 W v )N 7488 «
" il | " 12416 %
“ ‘“ 1 i “ 23142 “
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It is plain to sce from the above statement that it is possible to give a
fictitious strength value to a cement, and at the same time to justify
the mode by which it was obtained, hence the speed with which
weight should be applied should be a fixe! factor.

The question, what is the standard tensile strength of Portland
coement in Canada ? remains unanswered, and each engzineer, follow-
ing the practice of his English brother and American cousin as well, is
left free to fix, in his specifications, the minimum strength per square
inch he requires. To show the want of uniformity on this point,
the following statements are tuken from “ Proe, Inst, C.E.,” vol. 62, p.
216 : “ It was highly desirable that enzineers’ and architects’ specifica-
tions should be more uniform......... The vagueness and the curious
variety of divergence which ch

acterised them (the .\lu*n"lrll';llimm’)

were remarkable.........and it was difficult to imagine that this state
of things could be allowed to continue much longer, displaying as it
did a backwardness on the part of those concerned, in comparison with
German engineers, who had been so much later in entering the field,
and who, from being disciples, now appeared as teachers and examples,
The evidence of this was furnished by published rules, adopted by the
Society of Architects of Berlin, the Society of Builders of Berlin, the
German Society for the manufacture of bricks, earthenware, lime and
cement, and the Society of German Cement Man: “eturers,

¢ In 21 specifications cxamined there were 13 varieties of test for
fineness, 10 varieties for weight per bushel, and 13 varieties for tensile
breaking strain 7 days after gnuging, the weizhts varying from 200 to
444 1bs, per square inch, or in all 37 variations in tests”

In fixing a standard of weizht per square inch as the minimum
test strain, there are several things to be considered and determined,
viz i—

1. Whether the test shall be with neat cement ; or

2. With a mixture of sand and cement ; if so

3. The proportions of sa y cement to be z to 1; and

4. The cement to be fine enough to pass through a sieve of © meshes

per square inch, leavinga residue not exceeding @ per cent. by weight;

5. The sand to be of a standard quality (which requires defining),
or to be such as is generally used ;

6. The quantity of water to be used in mixing to be « per cent. of
the weight of the cement, or of the mixture of sand and cement ;

7. Test briquettes to be made of a standard form (to be defined) in
a stated temperature ;
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8. The briquettes to remain one day in air, covered with a damp
cloth, and 7, or 28, or « days in water, kept at z © Fahr. ;

9. In testing, to use —'s machine, and to stipulate:

10. That the strain shall be applied at the rate of  lbs, in
seconds ; and

11, To fix the number of briquettes which must be broken to obtain
an average of the strain exerted.

So much for uniformity which is not obtained in Canada, for there
will be as many variations in the results obtained as there are varia-
tions in the materials employed, the manner adopted in making the
briquettes, and in the testing machines used, for no two of the latter
using the same make of briquette will give the same results, and in
fact very variable results are obtained from the same machine. As an
illustration of this, the following has been taken from a pamphlet* on
Portland cement :—

COMPARATIVE TESTS OF THE SAME CEMENT,

Tensile Strength per square inch, obtained by

| | "
A. Southam.| H. Faija. |Gordon & Co. Gibbs.
[

Eastwood | Eastwood |
(1) ().

1bs. lbs. | los. Ibs. ’ s, |

290 °389 | 466 +372 ' 3570 |

* Droken at the rate of 100 1bs, in 15 seconds,
t+ Made up by the same gauger,

COMPRESSIVE STRENGTH,

Neat cement is but rarely used where it is subjected to compression,
and cubes one inch square crush under weights which vary with the
nature of the cement of which they are composed, their age, and the
mode of applying the stress ; and roughly it may be taken as varying
from 7 to 10 times the tensile strength of the sample tested,

The compressive strength of conerete will vary with the nature and
proportions of the materials used in its manufacture. The following
table is extracted from “ Proe. Inst. C.E.,” Vol. 32, p. 297, to show the
difference in strength due to the nature of the materials used, as all
the blocks were made in the proportion of 6 to 1, and were 12 inches
square, one-half of the number made being kept for 12 months in the
air, and the remainder the same length of time in water, prior to
testing.

gt ¢ “Some Information on Portland Cement,” Howard Fleming, N.Y.
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ADHESIVE STRENGTII,

[t is claimed by some writers* that the testing of briquettes made of
@ parts of sand to 1 part of cement for tensile str ngth is really a tost

of the adhesive strength of the cement used, for sand not having any

adhesive strength in itself, it follows thut the
briquette must lie in the force with which the

binds the ¢

(tensile) strenoth of the
cement adheres to and
ins of sand together, and converts loose

and disconneeted

materials into a solid and coherent mass,

* T. Mann, “Proc. Insi. C E,” Vol. 71
0

y 2510
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In a paper published in the “ Proe. Inst. C. 1., Vol 71, p. 251,
Mr. T. J. Maun states that the principal test adopte ! by b is one of
“adhesion,” which has wiven him, after some vears of use, sat sfactory

results, and he explains the wode adopted and th apparatus used to

» vnlineers

and others resting content with the results obtained {oom tensile tosts

obtain them ; but his advice apparvently has not been adopt

[n determining the stress of adhesion, much depends upon the fineness
of the cement, for the finer it is ground the fower the coarser particles

which are not any better than sand.  To show this, a table has been

copied from Mr. Mann's paper.

EFFECT OF COARSE PTARTICLES ON THE MENTITIOUS
ADHESIVE STRENGTH
\»‘ ( N | 4 | i
Percentage of coarse 0 ) ’
particle fine )
Avera adhiesive
strength in lbs. per
square ich.eoesioen 101 B " a

Pereentage of eoarse in the unsifted cement, 49, Coliesive stroneth
of the sifted after 7 days, 430 Ibs, per squ in Number of tests
20, Plates, sawn limestone,

It must be stated that Mr. Mann used a sieve of 170 meshos poer

lincarinch, or 30,976 meshes per square inch, which is simply too fine

for practical use, however well it may answer for experimental tests,
No standard can be fixed for adhesive strength, as a variation wmust
take place with the quality of the cem:nt used and the proportion of
sand employed ; and its determination is only necessary in the case of
and even then no fixed

walls or structures resisting lateral pressure
rule can be applied, for the strength of any joint against sliding must,
at the very least, be equal to the adhesive strength of the mortar joint,

plus the weight of the mass above the joint in the terms of the co-

cfficient of friction,
2, COMPONENTS.

By the term components is to be understood the materials used with
cement in the manufacture of concrete, and they generally consist of
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aravel, broken stone, bricks and sand, all of which should be elean
and sound in texture. Gravel from the pit or from the sea-shore should

be serccned through £ inch sereens, to remove the sand and small
pebbles, the residue consisting of stones not more than two and a halt
inches in their greatest diamcter,  Where pit-gravel contains carthy
matter, it must be washeld as well as sereened, in which ease the result
ing sand should not be u<ed unless again washed,  Gravel (shinel
from a sca-beach is genciaily clean, especially when found dry, bt it
has happened that a poor quality of conerete has been made with it,
where the pebbles have been coated witha slimy deposit, due to the
evaporation of the sca-water, which prevents the adhesion of the cement.
The best material for conercte is a compaet stone broken into cubes
or pieces to pass through a two and a half inch ring, a material with
which all are acquainted, and can be obtained in almost any locality
Sand is

neeessary component in conerete, and should never b
omitted, but it must be sharp and clean and etirely free from cartl y
particles, and coarse enouch to pass through a twenty mesh, and b
retained on a thirty mesh sieve. It dirty, it should be thoroughl

washed before using, and if solt and fine it should be rejected,

3. MIxiING.

Where a solid and impervious mass of conerete is r quired, the com-
ponents scleeted must be mixed in certain proportions, Speeifications
generally read that the conerete required shall consist of so many parts
of broken stone, or gravel, to one part of cement, or so many parts of’
lvllrk('ll stone, or cravel, and so lXI‘.lIl_\' parts of sand to one I';ll'l ol
cement. In these the word “parts” is an indefinite term, and may mean
a cubic foot, ora bushel, or a fixed weight per unit, or evena barrel or
a wheel-barrow load.

[t is asserted that in proportioning the amount of cement to stone, a
given weight rather than a given bulk should be used, bulk being
affceted by the weight and degree of fineness, as a cement of cigl ty lbs,
per cubic foot will be lavger in bulk than one of ninety lbs., but the
system of using a cubic foot as the unit of measure is certainly the most
convenient and gives equally as good results,

Assuming a cement weizhing 85 Ibs. per cubic foot, and a mixtures
of broken stonc and sand weizhing 2835 Ibs. per cubie yard, or 27
cubie feet, then :—
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|
Num ber of cubic feet of Will be equal to

Cement. Stone. | By bulk, By weight.

to 9 1to11.12
o8 1o 9.89
to7 1to 864
to 6 l1to 741
to b 1t 615
o4 | 1o 4.94

For solid conerete, there are two proportions in the materials used

which should he determined :—
(1) The voids in the gravel or stone, and the quantity of sand to

fill them ; and

(2) The voids in the sandj and the amount of cement to fill them.

Taking stone broken into pieces which will pass through a two and
a half’ inch ring, and be stopped by one 2 inches in diawecter, the
solids will average about 52 per cent., and the voids 48 per cent,

The voids in dry sharp silicious sand will average about 40 per cent.;
but where the sand is compressed in water, its volume can be reduced
12} per cent.

When dry sand and cement are mixed together, contraction takes
place, and in one of sand and one of cement it amounts to 16.66 per
cent. of the original volume, in two to one the contraction is 15 per cent.,
and in three to one 13.81 per cent,  When mixed with water, further
contraction to the extent of 10 per cent, takes place, and, according to
Sandeman, * Proe, Inst. C. E.)” Vol. 54, p. 251, the ratio of eontrac-
tion of dry materials is 34.43 per cent,

Adopting this percentage, to produce oune cubie foot of set conercte
would require 1.525 cubic fect of dry materials, and one cubic yard
will require 27 » 1,525 = 41.175 cubie feet.

Assuming that an impermeable Portland cement conerete is required,
cxperience has shown that such can be made by using one part of
cement, two and one half parts of clean, sharp, silicious sand, and five
and onc-half parts of sound compact stone, broken into cubes averaging
from two to two and onc-half inches square. The quantities of each
material required to make one cubic yard of concrete set in place can be

determined as follows :—
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A part will be equal to 27 5.5 = 4,90 eubic f1ot

Cement =4.909 « 1 — 491 cubie fe-t.
Sand = % x 258 : 1227 « 5
Stone = “ x b5 =27100 <« ¢
Total 44.18
The contraction or shrinkaze will therefore be = 44.18 — 27.00, or

17.18 cubic feet = 38.88 per cent., and the results will be as 61,12 to
100, or it will take 1.636 cubic yards of materials ty make one cubie
vard of conerete sef in place,

The composition of this assumed “eabie yard of ewmerete ™ 12 as

follows : —

4.91 cu. ft of cement x 8) Ibs, = 417.35 lbs. = 10,72 per cent,
1537 sand x8) ¢ 104295 “ — 26,80
27.00 ¢ stone x990 ¢ — 2430.00 ¢ 62,48 e

or, it is composed of 10.72 26.80 37.52 per cent. of mortar and

62,48 per cent, of stone.
That the amount of materials providel for mortar is sufficient to fill
the voids in the stone is determined thns ; —

e ft. e fr, e, ft.

Voids in the stone = 27 » 048 = 12.96

4.91 of cement and 12,27 of sand == 17.18

Shrinkage on admixture dry 17,18 x 0,85 = 14,60

Further shrinkage or admixture wet 14.60 x 0.90 - 13.14
Excess of mortar = 0.18

Or the excess of mortar may be determined in another manner :(—

e, ft. e ft,
Total quantity of cement—dry measure = 4,91
Reduction by wetting = 15 per cent. = 0.74
Net quantity 417
Total quantity of sand—dry measure = 12.27
Reduction for voids = 25 per cent, = 3.07
Net quantity 9.20
Tatal net quantity of mortar = 13.37
Voids in stone = 27,00 x 48 per cent, = 12.96

Exeess of mortar = 0.41
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Assuming that 5,000 cubic yards of concrete of the foregoing pro-
portions are required, then the quantities of the components to be pro-
cured will be as follows—a barrel being taken to contain 370 lbs, of
cement :

1bs. Ibs.
CEMENT, 417.35 x 5900 = 2,086,750
Add for waste, ete., 2k percent. = 52150

Total = 2,138,900 = 5,780 bbls,

c. ft. o. ft.
SAND. 12.27 x 5000 = 61,350
A 1d for waste, ete., b per cent. = 3,067
Total = 64,417 = 3,068 c.y.
STONE, 27.00 x 5000 = 135,000
Add for waste, ete., b per cent. = 6,750
Total = 141,760 = 5,250 c.y.

Given good materials and poor mixing, the result will be poor con-
crete, and therefore too much care cannot be taken with this operation,
whether it be done by hand or wmachine. Poor results are due to:
(1) improperly gauging the materials; or (2) to an excess of water ; or
(3) an insufficiency of labour in mixing the materials, either dry or
wet, or both ; or (4) the want of a proper mixinz platform.

For the manufacture of conerete by hand, a platform is absolutely
necessary, for conerete should never be mixed on the ground, If
J-inch deals are used, then a widthof 15 feet will be sufficient, the length
being dependent upon the number of times the components are turned
over dry and wet; for, with some, to have them turned over twice dry
and twice wet is held to be sufficient, whilst others maintain that they
should be turned over thrice dry and thrice wet,

Each component should be accurately and uniformly measured, and
boxes holding the specified amounts of cement, sand and stone should

be provided. Assuming a conerete of the proportions hereinbefore
stated, and that it is to be mixed in “ batches '’ of one-half of a
cubic yard each, then it will be necessary to provide : (1) a bottomless
box, 2 {t. 10 ins, square at the top, 3 ft. 2 ins, square at the bottom, and
1 ft. Gins. deep, a board on two sides projecting, say, 15 or 18 inches,
and trimmed as handles ; (2) a box with a bottom to contain 3 cubic
fect; and (3) another box to contain 1} cubie feet.
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For use, the fiest, or stone box, is placed at the end and toone side of
the plattorm, and is filled to one -/::r(/'i!~ v‘u'lllh with broken stone; on
this is placed and spread one box, or 3 cubie feet of sand, and one box
or 1
with its top with stone, and a second deposit of sand and ccment is made,

L cubic fect of cement, after which the stor: box is filled flush

when the stone-box is raised by its handles clear of its contents and
placed on the opposite side of the platform in readiness for the next
“hateh.”

As soon as the stone-box is lifted, two men attack the heap and turn
it over down the platform, when it is again attacked by a second pair of
wen, who pass it further down. At this point, supposing that a mixing
twic: dry and twice wet is all that is required, a third pair of men
wtack the *“batel,” but here water is appicd through a “rose” from
a watering-can, and at such a ~lu'wl as to ensure the ']t‘“\\‘l"\' of not
less thauw 11 imperial gallons, or, say, 1§ cubic feet of water. The
“bateh ™ is turned a fourth time by another pair of men, by which
time it has reached the lower end of the platform, ready to b: taken
away to the place of ‘ln'lr wit,  Then the stone-box having been ;l:wwl on
the opposite side of the platform, the filling with components is pro-
ceeded withy and as soon as the first pairof men have tarned the “ first
batel ™ dry, they at onee step over in readiness to operate on the second,
and o on with each bateh in suceession ; and with this mode of proce-
dure there cannot be any delay, and the conerete will be evenly and
thoroughly made.  For a mixing gang—assuming that the muterials
hiave been placed in proximity to the platform—one sub-foreman, three
mon filling stone-box, two men filling sand-box, one man filling cement
box, one water-boy, and eight men for turning the *“ hateh,” or a total
ol one sub-foreman, fourteen men, and one boy, are required,

To facilitate operations where the amount of conerete to be mixed is
large, the sand-box, which will weizgh when filled at least 250 lbs,,

might be hung in a frame on gudgeons, at such a height as to permit
it contents being tipped into the stone-box.  For the water, a small
taunk holding 1% cubic ft. might be placed opposite the point on the
platform where the third turninz, or the first time wet, is done, the
water being conveyed through a hose tipped with a rose-head and stop-
cock, which will ensure the distribution of the proper quantity of water,

There are many kinds of “ mixing machnes” the inventors of which
claim that their particular make is the best; and the manner of
wanipulation differs with each machine. For dealing with the manu-
facture of large quantities of concrete in one spot, as in the making of
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huge blocks or monoliths, then a machine ean be profitably used, but
hand-mixing is preferable where it is desirable to make the concrete
as near as possible to the place where it isto be deposited, and frequent
removals of the conerete gang have to be made.

4, Deposir,

The depositing of conercte in the place it is to occupy is a subject
so large as to demand a lengthy paper for its consideration, as it includes,
(1) the place, (2) whether the place is dry or wet, (3) whether in still
water or subject to tidal influences, (4) whether in biocks up to @ tons
in weight, which have to be moved into place by ordinary tackle, or

powerful appliances, or special plant, (5) whether in a wet or plastic
state in bags containing up to @ tons, dropped into place in water of
varying depths in various localities by special plant, (7) or lowered in
small sacks to be placed by divers, or (8) simply dropped from a barrow
or flat-skip ; the exigencies of each ease determining the mode of deposit,
The limits of this paper will not admit of any further allusion to the
mode of deposit, but there is one rule which shou'd always be observed,
viz, :—that conercte should never be dropped into place from a height,
for the simple reason that the heavier parts will separate and fall the
soonest, and the resulting mass will be formed of alternate layers of
coarse and fine materials, and will not be homogeneous and impermeable.

\ difference of opinion exists as to the thickness to which conerete
should be deposited to ensure sound work, some holding to a maximum
thickness of only 3 inches, and others to that of 18 inches.  The first
appears to he too thin, and the second may be taken as the maximum
depth ; and if an average of 12 inches be adopted, very zood results will
be obtained. Some there are who maintain that to obtain imperme-
able conercte, it should be punned ; against this dictwn it is asserted,
that by punning the coarser parts are scttled to the bottom, and the
mass loses its homogeneity, and all that is nccessary is to work it
with the edge of a shovel if a necessity for doing so exists, for when
setting commences it is not desirable to disturb the materials,

Where conerete has stood for some time and has set, before work is
resumed the surface shonld be cleaned off,—if under water by means of
a water jet, and if in the air by being wetted with water and thoroughly
brushed, wnd covered with a thin layer of grout, or sprinkled with dry
cement,

In preparing this paper, the objeet in view was to treat the subject
from a practical standpoint, and to be as concise as possible, and it is
offered with the hope that the information, or at least some of the infor-
mation which it contains, may be of value, anl have a beneficial offect.




DISCUSSION,

Mr, C. B. Smith remarked that everyone present must feel much v g,

interested and instructed by Mr. Perley’s valuable paper, speaking
personally.  Mr, Perley has hardly given concrete its due,  H

“ays
in his opening remarks, ** thouzh entailing a lareer initial

expenditure
than timber.”  In a case, which might illustrate the "point, the speaker
put in conerete by company labor, in small quantiticd, and in a very
difficult place, for $5.50 per ecubic yard, which cquals S17.00 per
M. for timber— surely a very moderate price.

The cement used was Hoffman’s Rosendale, which cost 81,35
bbl, eonerete (1 —2 —4).

ner
i

The speaker eanmot but disazree with Mr, Perley in his method off

mixing conerete, To mix the cement and sand first, then add water, and

mix into a mortar, and then add stone and wix again, ecrtainly is the

best way to so place the cement that it will surround cach particle of

sand, and asan experiment the speaker has tried to wmix san'l and
cement by turning over avd over in a manner similar to that of shovell
ing over conerete, when made as Mr, Perley dircets, and found the
result most unsatisfictory and evidently incomplote,

Refervine to the cement itself, Mr, |'«'1'1ry scems to have attached
undue importance to slag cement. This cement shows an increase
of only 19 per cent. with sand and 7 per cent. neat between T-day test
and 28 day test. This alone should condemn it.  Faija considers that a
good cement shonld show 25 per cent. increis: in the same time as an
index of its indurating cnergy. The ciuse of this great strength at 7
days is evidently the larze proportion of sulphuric acid (2 per cent.)
whieh makes it slow setting, and thereby giving great strenceth in short
tests; but the sulphuric acid will eertainly endanger the safety of the
cement in the future by forming salphate of fime.

It would have been more interesting to have given a little space to
Rosendales, of which about 10,000,600 bbls, are used annually in the
United States, and which utterly swamp Portlands in respeet to
quantity used. These Rosendales exhibit a wreat contrast to tlie slag
cements or even to Portlands, as the following table will show : —
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Testep Near, Port- Rosen-
LBS. PER 8Q. IN, lund. dale.

1 GaF ciconsnisiieinsnnne | 88
1 weekioeuewesoens 352 | 107 | The compiler, Mr. Scull of New
1 MO0.reereeennne 614 | 251 | York, argnes from this table, which he
2 . T88 | 362 |expeets to carryon to 5 years, that the
3 mos..eeenninn. 810 380 | Rosendales are tougher and continue
6 mos . ... T38 | 443 |to harden much longer, and will ulti-
1 year. oo T42 1 453 [mately eateh up to and pass the
2 years oo 653 | 487 | Portlands in streugth,

2} years........... 621 | 515

It is claimed by German experimenters that the speeific gravity
test is entirely fallacious, and that a light burit ecment may have as
high specific gravity and even more than a highly burnt one.  Anyoue
interested may find this corroborated in Appendix [1 and Appendis V to
Grant’s paper on Portland Cement referred 1o by Mr. Perley. When Mr.
Perley comes to the methods of mixing and putting into moulds, he
shows very clearly what a wide divergenee of practice there is.  While
onc wan puts 150 Ibs. pressure, another puts 10 ; another rams it in with
a trip hammer, another with a hand hammer, another with a trowel,
and soon,  The result is that methods and results disagree so much that
a fair comparison caimot be made.  In his 11 articles of practice, he
makes o great advance toward uniformity, but his sixth elause could
hardly be caivied out with reason, as different brands require different
proportious of water for uniform consistency. Also when he stipulates
afixed speed in the tenth clause, he should have different rates for neat
sand briquettes, ar else a slow rate for all, as 400 Ibs, per minute to a sand
briquette a week old is almost a blow or shoek, and is not a fair test.

It might also be well to add a twelfth clause, stipulating increase of
strength between 7-day and 28-day test.

One or two matters of minor importance might be wmentioned.
Clause eight gives time as 7 days and 28 days in water, the usual
custom heing 1 day in air and 6 and 27 days in water.

Also in the article on adhesive strength, the author confuses, seem-
ingly, adhesive strength with shearing. These are, doubtless, very
valuable qualities, but quite distinet from each other.

In conclusion, it is hard to eriticise so complete a paper as Mr.
Perley's, and it is hoped any little difference in opinion will be taken
moreas a desire to help on the matter in hand than to detract from it,

Mr, J. G. G. Kerry said Mr, Perley’s paper is largely tuken up with
the subject of cement testing,  He outlines thercin very fairly the
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present standard system.  This system, however, seems to b faulty in
that it is constructed more from a physicist’s point of view than from that
of a practical engineer. The advoeates of the system claim that by
these tests in connection with past experiences they ean prediet very
closely the action of a cement when used, but admit that the tests made
do not test for the qualities actually required in practice. A short
comparison of the actual duties of'a cement with the standard tests
will show this, Cement mortar is used in the joints of misonry and
in conercte,  IFf the ease of a bridge picr be taken, the mortar has three
duties to perform :—(1) In its plastic state, to allow the upper stone to
come 1o an even bearing all over the joint, the weight pressing back the
mortar from the high places, and filling in the hollows ; no test 15 needed
for this quality, which depends solely upon the plasticity of the mortar.

2) Tt must transmit the compressive stresses from the upper course
to the lower, If in this conneetion the cement were altogether
omitted from the mortar, it is prabable that the sand would transmit

the pressure just as well as the cement mortar does; and that the only

danger to such joints under direet compressive stress would be the
removal of the sand from the joint by atmospherie forees, If a pier
not exposed to heavy lateral forees were built with dry sand for mortar,
and a pointineg of some such material as asphalt were made, such a
pier would be us stable and durable as one built with cement mortar,  For
this duty then no test would appear to be required. (3) Tt must resist
the entrance of atmospherie forees into the structure.  As most ma-
sonry failures are due to the detervioration of the structure under atmo-
spherie action, this is the most important daty of all.  None of the
standard testz supply definite information upon this point, although
the blowing test will give indications relative to one deleterious con-
stituent, I the case of a retaining wall or pier subject to lateral forces
be taken, the mortar will be subject to dircet shear across the pier, and
may be subject at the back to heavy tensile stresses,  The tension tests
wight here be of some practieal value, but the few experiments that
have been made indicate that the strenzth of mortar in joints is very
different to it strength in briguettes, and that there is no definite re-
lation between the two.  Well designed masonry should not be subject
to tensile stress, but structures frequently are.  Of the qualitics of the
mortar in shear the standard tests give no information,nor has this quality
bheen to any extent experimentally investigated, Mr, Perley dismisses
it rather shortly under the head of adhesive strength, by saying it is
of no great practical importance on account of the heavy friction resist-
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ing any shearing movements.  This is making the existence of a lesser
force apologise for the neglect of a greater. A little computation will
show this. In Baker's Masonry it is stated that the maximum cocficient
of friction for masonry structur

esis 0.75, and that the maximum pres-
sure at the top of the proposed Quaker Bridge dam is 16 tons per sq. ft.,
making the maximum friction anywhere in the strueture 12 tons per s ft.,
while m another place, after stating that in some friction ealeulations the
shearing strength of the mortar has been disregarded, it is remarked th
this may amount to 35 tons per sq. ft.  In other words, the 36 tons
may be disregarded becanse the 12 tons exist. It would seem from

this discussion that the qualities required for mortar in practice are
durability, compressive and shearving strengths, in some execptional
cases tension, and that at present uo definite eonneetion can be stated
or indicated hetween the requisite quilities and the results of the
ordinary standard tests, blowing, weight and tension briquettes.  In the
case of econerete, were the cement omitted and the strueture bhuilt in
moulds of sand and stores packed with the same care that would be
employed with concrele, o= long as the moulds remained the mass would
bear the pressure that would come upon it ; and were the moulds removed,
it would fail by breaking down at the’edges by lack of cohesion and not
by dircetly yielding under the stress, This would indicate that the
quality required in the cement wonld be adhesion. The tonsion tests
are claimed to give this quality, but some experiments in this connection
show wide dierepancies and no noticeable velation between tensile and
adhesive strength,  The (nality of durability is more important in
concrete than in masonry, and beeomes, as before mentioned, the most
important of all qualities required from a eement.  Incidentally it may

be noted that hydraulicity, which in some cases is the one necessary
quality of a cement, is only indirectly tested by the standard system,
It would seem that a system of testing might be deviscl which wonld
give definite information as to the required qualitics of the cement,
the durability being the mostessential point in such a system. while
weight, fineness, compressive or shearing stress might be tested for if
required. It may be remarked that the present tendeney is to raise the
quantitics for strength, fineness, cte., in every new specification, and as
the relative practical values of various qnalities of ecment with varying
quantities of sand is unkuown, and as in building the amount of cement
required usually depends upon a certain volun e rather than a eertain
strength, it is questionable whether the coments as at present supplied
are not of sufficient strenath, and whether it is not to some extent waste
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to be specifying and paying for higher qualities than are practically
neeessary, The extra money spent for better cement might perhaps be
more advantag ously spent for better sand, twenty five cents extra per
yard producing a greater relative difference in sands than will twenty-
five cents extra per barrel produce in cements,  Finally, there does not
seem to be sufficient data in existence on which to have a complete
satisfactory specification, and there is a wide ficld open for investization
in the dwability and practical efficiency of mortars varying in fineness
and brand of cement, quantity of sand, cte., cost being a main consid-
cration in such an investigation,

Mr, C, B, Swith remarked that the percolation and absorption tests
advocated by Mr. Kerry will be found to be earefully experimented on
by French scientists, and the results tabulated in a recent year's issue
of Enginecring News.  But the same difficulty attends this and also
the shearing tests advocated by the same speaker, that of introducing
them into general use, even if valuable enough to desive testing, owing
in the former case to scientific npparatus needed and in latter case to
large machines requined, & peaking of sieves to be specified, it must be
remembered that the size of wire varies with different makers, and this
of course is an essential feature, Also mieroscopic examination of the
sieves shows that even in the same sieve the spaces vary, and by continu-
ing the sitting long enough an erroncous result might be obtained. There
lias been an endeavour to make punched steel plate of uniform texture
with indifferent success. Someone la: referred to the boiling test for free
lime. This is not advocated by Faija, and its results are disputed by
many authorities, It is elaimed that boiling has Leen known to condenn
cements known to be wool; and which had stor d the test preseribed by
Faija— i.e., 115% Fahr, for4 lours in vapour, then immersed 20 hours
in water at 115% Fahr,, then immersed in co'd water one month,  The
speaker has tound this to be the ease in a good Portland ccment tried by
himself in the Jnboratory at MeGill.

The President, Mr. Haunnaford, stated an occurrence that he
thought would be of interest to the Socicty, and that took place at a
railway bridge he is constructing at Fenelon Falls, north of Lindsay,
Oni , consisting of cizht (3) spans.

The bottom is rock, washed bare by the rapid action of the current,

The piers were founded by means of bottomless caissons, caulked
sides, sunk in position, then filled with conerete and puwped out.
After being levelled up, the masonry is built thereon.

At one of these piers, after the caisson lad been sunk in position and

Mr, Swith.

Mr. Haunaford,
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the conerete put in, averaging about 12 inches in thickness (the water
being from 6 to 7 feet in depth), a sudden vise in the height of
water took place between leaving the work on Saturday and con-
tinuing it on Monday morning, and the workmen pumping out the
water found, when the eaisson was nearly dry, that it suddenly rose
in its guides, and floated,

Tt was some little time before the men could realise that a caisson
of this size—the inside dimensions of which were 32 ft, « 14 fi.—
could be fitted with a concrete floor 1o make it water-tizht, the caisson
itself being free from timbers at its bottom and with insufficient
adhesion to retain it to the surface rock of the stream. Such, how-
ever, was the fuct.  The caisson was floating, and the covercte formed
a solid and water-tight bottom.

After the discovery, it was casy to let in sufficient water, by taking
out a plug, to again sink the caisson into position, and to weizht it by
stone and railway ivon to keep it in place.

The conercte forming the bottom consisted of six parts of hroken
stone and coarse sand, to one cqual part of Belgium Portland cement
(Dagzer brand), and was put into the eaisson through the water, then
allowed from three to four days to set,

The President stated he mentioned this oceurrence to shew that
founding picrs in this manner could be done with confidence and
ceonomy.

Mr. H. Irwin said he thouzht it would have been instractive for
Mr. Perley to have added some notes on the use of hydraulic lime in
making concrete, sinee there must be many places in Canada where
2ood hydraulic lime can be obtained § and it has been used successfully
for making conerete in England, apparently since the time of the
Romans, and in India for many years in various works, including
reservoir dams.

Though hydraulie lime is used in lngland in situations cxposed to
the action of water, the speaker would not advocate its use in such
places in this country, but thinks that good hydraulic lime, properly
handled, would give good results here in works clear of water, though
it could not be used in winter, as it takes too long to set.

The writer remembers very well that, when part of the fort at Car-
rickfergus was being taken down, the stones sometimes broke before
the mortar would yield,

The black limestone in Montreal gives a fairly good hydraulic lime
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and the speaker found, in breaking a hole through the old Torrance
wall on 8t. Antoine strect, some 10 years ago, to run a transit line,
that some of the bricks broke in two before the mortar gave way,
though the wall was ouly a foot thick.

Hydraulic lime, however, to give good results, requires  to be
thoroughly slaked and mixed in a mortar mill, and its failuve in this
conntry is probably due to improper handling.

The speaker notices an apparent inconsistency in the remarks as to
JSree Lime.  In one place it is stated that the measure of carbonic acid
is the measure of the free lime—in this case the so called free Lime
would bave to exist as a carbonate; while further on air shikine is
recommended to get rid of the ./)tt lime. whieh is setually the oxide
of lime,  The writer has often heard of the 'i.ﬂ}n-ull_\' of estimating the

frce lime, ind would sugeest that it might be possible to determine its

amount by passing carbonic acid cas throuzh a known quantity of

cement, and noting how much was absorbed, which woull p u!mwi.‘f
be a weasure of the free lime, unless free magnesia present would also
absorb the gas,  Asto air slaking—a month seemis o rather long time,
which might be reduced were the ecment turned over a few times

In this country, however, cement scems to be generally used

straight out of the barrel, and this may be sometimes the reason why
Canadian cements fail, sinee they are likely to be mueh fresher than
imported cements,

The swelling of eement during air slaking, amounting to as much as
4 or b per cent., would scem to be due to the partieles of free lime
disintezrating, falling into finer powder, and thereby inereasing the
bulk of the eement, and possibly experiments wicht shew that the
amount of swelling during air slaking is a rough measure of the amount
of free lime.

Among the chemical tests disearded by Mr, Perley, there is one
which might, on experiment, prove fairly useful, thouzh the speaker

never saw it tried sinee he left college, viz.:—the test as to how
much soluble silica, in the gelatinous form, a given amount of cement
will yield in a test tube, compared with the amount given by a cement
of known quality. The soluble silica, or hydrated silica, is well known
to be the principal cementing ingredient, and it would seem, therefore,
that a simple test of the pereentage contained in any ccment ought to
prove useful,

Among the mechanical tests the speaker does not notice any men-
tion of the use of a high power microscope, though it appears that the

DErey
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grains of a good cement are angular while those of a poor cement are
wore or less rounded. As a microseopic test can be very quickly
applied, the speaker would suguest to the Cement Committee that it
might make some experiments in that diveetion,

In reply to a member's (Mr, Kerry's) remark, that if a Portland
cement 2 to 1 mortar proved twice as strong as a similar Canadian
cement mortar, one wight therefore use 4 to 1 Portland cement mortar
as being more cconomical ; the speaker said that he thought that 4 to
1 cement mortar was very rough and hard to work without some lime,
and that no matter how strong the cement mizht be, it would seem to
be necessary to use enough to fill the voids in the sand or nearly so,
but that in using the stronger cement for making conercte, more stone
wight be added, say in blocks,

In conclusion, the speaker wishes to express his feeling of obligation
to Mr, Perley for bringing before the Society in a compact form the
latest information on the subject,

Mr. Peterson said he supposed that Mr. Perley did not mention any
of the limes of the country, beeause his experience had probably been
that of other engineers who had used the hydraulic limes or native
cements of the country,  The speaker said he had on several occasions
used the native cement or hydraulic lime under positive instructions
from governments or commissioners, and in every case he had found the
work done with this ccment to be unsatisfactory. It had come under his
observation on the Quebee, Montreal, Ottawa & Oceidental Ry., be-
tween Montreal and Ottawa, that structures built with vl cement, as
wade in 1874-75, had failed, and some culverts built in rubble u.osonry
had fallen down, owing to the fact that the Hull ccment with which they
had Been built had not set.  He stated that he examined a large num-
ber of structures built in this cement, o number of which had to be taken
down, and in no case had the Hull cement sct at all, except on the point-
ing, where probably neat cement had been used.

He did not think that any engineer at all familiar with the native
Canadian cements or hydraunlie limes would think of using them in
the preparation of conerete to be used under water. He had used
native cements in 1873 on the construetion of the pumping well of the
Toronto water works.  lle lLad protested against its usc, but was
over-ruled by the chairman of the Commission and the Mayor, both of
whomw had been contractors, and were therefore supposed by the other
commission to know all about cement, The result of this attempt to
save a few hundred dollars in opposition to the engineer’s recommenda-
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tion was what might have been expected. The expenditure of thou-
sands of dollars in attempts to make the well tight and the failure to do
=0 was, by the general publie, put on the shoulders of the engineer,
and at least one of the commissioners really responsible for it assisted
in putting it there in order to shield himselt,

He was of the opinion that not sufficient care was taken in the use
of Portland cement, He had seen Portland cement mixed in Mon-
treal for asphalt pavement with inferior sund and stone covered with
mud, He had afterwards scen some of this conerete taken up in order
to lay down the street railway. The concrete was certainly much
softer than the original macadam which had been taken out when the
conercte was laid down, and he had been told by a member of the
Society, that in some parts of the city where the street railway was
being laid down, conerete made in this careless manner had been
shovelled out without requiring to be picked. He thought that Mr, Perley
was justified in his high opinion of Portland cement when properly
used, and in his neglect of saying anything regarding native ccment or
hydraulie lime when discussing eonerete. Mr. Peterson said Portland
cement conerete can be mixed and laid in winter, even in coldest weather,
successfully, e had laid the foundations of one of the Canadian
Pacific Railway elevators in Montreal durving the winter. The
masons were often working when the thermometer was below zero,
The sind was slightly warmed and hot water used. All stones with
ice on them were held over the five, that warmed the sand sufficiently
long to melt any ice or snow; but if the bed of the stone was clean as
it came from the quarry, this was not done, In the following summer,
when some changes requived a portion of the wall to be cut into and
removed, the cement was found to be nearly as hard as the stone, and
required to be eut out with a chisel,

He had made three samples of conerete in the middle of the winter
when the thermometer wasabout zero.  One was made with cold stone,
cold water and cold sand ; another with warm sand, warm stone and
warm water : and another with cold stone, cold sand and cold water
) it
eat difficulty that they could be broken with a heavy
sledge hammer, and no difference could be observed in the hardness of
the three samples, which thoroughly convinced him that Portland
cement would set well cnough for all practical purposes when used in
the very coldest weather, The only defeet is a slight scaling off at the
exposed surface of the joints of about 1-32 of an inch.

P

with salt.  When these samples were triel in the following spring
was with
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Me b ALE Wherewas that masonry put in on the Q., M., 0. & 0. Ry, ?*
Mr, Peterson, Tt was put in all alonz the line wherever the work had been done

by the Company’s Montreal Northern Colonization Ry. contractors
during 1874-75. 1Ile had used rome native ccment on the Tuter-
colonial Railroad, but only for laying masonry above water.  Some of

it had set very well, but you will remember that large quantities of it,
after having been brought from Quebee, were condemned and thrown
into the sca,

* Quebee, Montreal, Ottawa & Oceidental Ry.




CORRESPONDENCE,

Mr.J. 8. Armstrong said in discussing the suthor's admirable paper ag Ve Avmstiong.

short notice, the writer must neces-arily do <o in a hurried way, thouzh
the subject is so complicated by varying conditions, that it requires vory
carcful treatment to arrive at exact results,

The writer understood that there was a committee of the Socicty
appointed on cement, mortar and concrete-testing, and he would
suggest that they submit a preliminary report, with a scheme ol tests
to be made to the Society for diseussion,

He would demur to the practice of speakinz of 4 conerete made with
6 purts of broken stone, 2 parts of sand and 1 part of cement as a6 to
1 concrete, thus taking no count of the sand.  Some authorities would

speak of a 6 to 1 concrete, in which there would b2 6 measures of

broken stone to 1 measure of mortar composed of sand and cemen
in proportions supposed to be known. The writer would advocate
giving the term a more definite meaning, ealling the above first mentioned
conerete a 6 and 2 to 1 concrete, or for one composed of 6 parts broken
stone, 3 parts fine gravel, and 2 parts sand and 1 part cement, a 6, 3
and 2 to 1 conercte, naming the proportions in order, according to the
size of the pieces or particles of which they are composed, though
neglecting the water.

He would not think that there could be much objeetion tousing a
coarsely ground cement, if the fine part tested up to the standard and
only the proportion of its weight that would pass through the standaid
sieve (of say 7 meshes, made with No. 37 stub gauge wires, per lin, inch)
were accepted, and the balance treated assand, He considers that there
would probably be a greater chemical action between the surface of these
partialiy ground particles and the finer ones than there would be between
the fine particles and sand. Of course it would not be to the interest
of a contractor to supply cement on such terms, but a cis: can be
imagined where it would be to his interest to accept such terms rather
than have a large lot condemned,

Giving the number of meshes per square inch or other measure sco s
to be becoming the more general practice among civil engincers ; but
the writer prefers the term in linear measure, asit more casily conveys
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an idea of the size of the grain measured ; but unless the size of the wire
is also defined, there is an element of uncertainty, If the engineering
socicties could agree upon a standard series of sieves, it would be suffi-
cient to specify No. so-and-so C.E. standard sicve. They should be of
cloth that 1s readily procuraltle in the market.

Another point worth discussing is what should be taken as a cubic
foot of cement or sand.  The indefinite term * loose ” usually enters the
caleulation, but a cubic foot so taken is not a cubic foot of the material
in place, i.e., a cubic foot of cement loose with a sufficiency of water
will not make a eubic foot of ecment paste ; but a eubic foot of Portland
cement packed as usually delivered in barrels will make a cubic foot of
stiff paste, while with 40 p.c. by weight water it will make about 1} c.f.
plastic paste,

Then again sand is not used in its loose state, but wetted down if
not thoroughly compacted. For different kinds of work differcnt
cements may answer, but for use under sea water in important structures
the very best for the purpose that can be obtained should be used ; and
if it be thought allowable or beneficial to mix it with salt water or any
other chemical ingredient (such as, for instance, soft soap and alum,
see I O. Baker, pg. 97), other elements are brought into the test and
should be taken into account in judging the cement. For effect of salt, see
Can. Engineering News. In any important case the writer would
advocate adding an accelerated test, as, for instance, the following given
by Spalding in Engineering News, August 24,1893 :

Make pats on glass with slightly more water than for a briquette,
and immerse at once in cold water, then gradually bring to the boil in
one hour, and boil 3 hours ; or mix an ounce and a half of chloride of
calcium with a quart of water, mix the pats with this solution, keep
in air till firmly set, then immerse in the solution, and examine in 24
hours ; in cither case, if checked at the edges, the cement is probably
bad.

The writer agrees that the tensile test should almost always be on a
specimen of cement mixed with sand, as proving its quality in the
state in which it is used and giving a combination of cohesive and ad-
hesive test ; but an adhesive test might be devised, for use in the labor-
atory, that might furnish information as to the varying chemical as well as
mechanical affinities of cements for, say, quartz, slate, terra-cotta or other

ingredient that might be proposed for use in concrete. Mr, Perley’s table
under compressive strength goes to show that thereis a decided difference,
The writer does not know on what ground the form of briquette so
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universally adopted has been chosen, the side wedging of the clamps
seems to be a most unnceessarily disturbing element in the test, tend-
ing to break the briquette elsewhere than in the smallest seetion, He
has sketched a form that might be discussed and perhaps tried. The
quick curves at the smallest section may prove to be too quick. Solid
clamps may be slipped on from the front ; but in designing the form,
the writer proposed to use pairs of stirrup links, hinged and swivelled
at @ and b, which would each have § x 1" bracing at ¢, and a small
bracing, to insure proper adjust ment, at d. In this form all the strains
would be almost normal to the surfaczs, and there would be little
liability to torsion.
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My, Perley’s table, under the head of compressive strength, has the
first column headed 1 part cement to 6 partssand, and the weight of
the aggregates given amounts to about six times the weight of the
cement, while some of the samples purport to be composed of cubes of
various substances, Was a mortar of 60 to 1 used with them ? It seems
a weak proportion. The writer would question the broad statement that
sand is a necessary component in concrete, and should never be omitted,
Conerete without sand is frequently used as the body in making side-
walks, covered with a thin layer of fine cementv mortar. Ile is anxious
for further information, and has long looked for a record of any series of
compressive tests of sach a concrete.  He thinks the nature of the
aggregates would affect the result, and is under the impression that flint
gravel would answer well,

Then as to the proportions in making a concrete, and how to deter-
mine them, let us take an alternative method to that used by Mr,
Perley so as to compare notes,

As stated before, a cubie foot of loose material is not a definite or
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cven approximate measure of the same in place, L. C. Sabin, ina very
cood article on ecment mortar (l‘]:lj/fmn'fn.q News, August 10, 1893),
advoeates the use of the packed cubic foot of cement as the unit of
measure, and th writer concars with his i\ll';l, but he uses the loose
foot of sand,

Let us treat the ingredients in the following order :

1st. Cement, weight and measure compressed.,

Znd, Water, best p.e, by weight and measure.

srd. Sand, weight compressed dry to as near the state it will be in use,
anl measure of same,

4th, Broken stone, weight and volume, ete., first, then we must
determine the quantity of cement and water required to make a
definite measure of the cement paste to be used.

1 cubic foot of packed Portland cement, weight 103 1bs., with 40 p.c.
by weight of water, 41,2 Ibs, (roughly, 4 imperial gallons), will make 1}
cubic foot of plastie cement paste .-, 6-7 or .86 of a cubie foot weighing
88.27 Ibs. and a little over 3% gallons of water = 36.31 lbs. will make 1
culbic foot of neat cement paste in the plastie state.

2nd. With regard to water to be used, authorities differ very widely.
The quantitics used for mortars for different purposes would necessarily
differ somewhat, and in the practical manufacture of concrete more
water may be advisable than good practice would dictate for mortar.
I. 0. Baker, pe. 58, gives the following for mortar : T'he water required
to make a stiff paste will vary somewhat with the kind and freshness
of the coment.  On the average, neat Portland cement mortar requires
about 25 p.c. of its weight of water, and neat Rosendale about 30 p.c.
for 1 to 1 mortar, about 15 p.e. of the total weight, and 1 to 3 about
12 p.c.  In other words, this is 25 p.c. water forthe coment and from
3 to 5 p.e. for the additional sand.  Gillmore, chapter VILI and page
321, proposing a more plastic mortar, advocates 40 p.e. for the cement
and 10 p.e. for the sand,  For the mortwr in concrcte at least, the
writer thinks Gillmore’s proportions ave not too great, but on considera-
tion would favonr 5 p.c. rather than 10 p.c. as the proportion of water
to sand,  He also is of opinion that t» attain the best vesults, cement
should be set at first with a moderate proportion of water, and if possible
afterwards, as it erystalises, supplied with an additional amount.

Then, azain, the gravel or broken stone for conerete shonld have

its substanee saturated with water, and should have a surface wetting ;

and the writer would suggest the mixing of cement with the water for

this surface wettinz, especially iff a stiff mortar were used.
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3rd, Next we cometo thesand, Weean get at the bulk and voids as
per Trautwine, pages 677-88.  Pour into a graduated eylindrical measur-
ing glass 100 measures of dry sand, pour out the sand and fill the glass
up to 60 measures with water. Into this sprivkle slowly the sane 100
weasures of dry sand.  They may now be found tofill the glass only to,
say, 94 measures, having shrunk, say, 6 p.c., while the water will reach
to, say, 121 measures, of which 121-94 measures will be above the sand,

leaving 60 — 27 = 33 measures, filling the voids in 94 measures of
wetted sand, showing the voids in the sand to be 2 0.351 of the wet

wass, If the sand is poured in hastily, air is carried in with 1t, the

)

voids will not be filled, and the result will show quite differently.

Or if sand is pure quartz, dividing the weight of 1 cubie foot, whether
packed or loose, by 165, gives the proportion of solid, and this subtracted
from 1 gives the proportion of void.

It would require experiments which the writer does not know have
been made, to say whether the sand should be compacted in the
measuring glass to get near itsstate in good concrete. One authority
states that sand can be made to shirink 20 p-c. in packing, though it
secms too much, Mr. Perley puts the contraction at 121 p. c.,
which let us assume as right for concrete, and that it will incresse 1-7
in passing from the packed to the loose state ; reverting to Trautwine’s
method, that would make it 874 mecasures of sand, and 121 — 87}
would be water above the sand, leaving 60—33} — 26,5 measures of

voids in 873, then : B03practically 30 p.c. voids,

Then to make a mortar with voids in sand just filled, and allowing
10 p.c. of weight of sand as measure of uncombined water, we have :—

Sand, 1 cubie foot p‘.\('k-tl = I; loose, .
)s,
At 100 Ibs. per cubic foot loose = packed 114
being 70 p. c. solid requiring 10 p.e. of 114 11.4
1bs. 04 0.178 cubic feet water, leaving 12.2
p. ¢. for mortar,
Cement, 122 X 857, = 105 cement
122 x 88,27 Ibs = 10.8
Water, 10 p.e, of 114 Ibs 11.4 for sand
122 of 36.31 lbs, 4.43 15.83

1} gallons
This makes one eubic foot of this description of mortar, which
is approximately as 10 to 1 mortar. It seems to have an excess of
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water in it ; this leads me to think that 10 p. c. is too high a per-
centage for the allowance for water to sand, so I repeat the process, but
with 5 p. e, instead of 10 p. c. extra water.
Sand 1 cubic foot compact = 11 cubic foot loose,
Ibs,
At 100 1bs, per cubic foot loose = packed 114
being 70 p.c. solid and 5 p.c, of 114 = 5.7 Ibs.,
and - this 64 — 0.089 cubic feet uncombined
water, leaving{21.1 p.c. for cement paste,
Cement, 211 x 857 = 181 cubic feet.
211 X 8827 =
Water,5 p-c. X1 4 = 5.7 lbs. for 8.
211X 36.31 = 7.66 1bs. for C.
1} gallons,

This is still too weak a mortar for conerete, but it goes to show that
merely filling the voids of sand will not make a very strong mortar, and
the same reasoning may perhaps in a measurc apply to concrete.

Now let us try to get a 24 to 1 wortar, using packed volumes,

2% to 1 MoRTAR,

2.6 cubic fect sand compact 70 p.c. solid
1.75 cubic foot solid,
1.166 cubic foot cement paste :- 131";;3{!;::;;::‘:";:;: tbs.
_ .22 cubie foot extra water (uncombined) 5 p.c. of 285 |bs,
ﬁE_f) total solidity.
175
3136 X .70 = .8 cubit foot sand
1.666

3136 = 5372 cubic foot cement paste =

\' 319 cubie foot cement =

l 13.51 lbs. watcr 13.51)
22 r
3136 = ‘07 cubic ft. water X G4 4.48)

With 10 p.c. the weights would have been 85.5 sand, 30 cement
and 20,57 water.

4th. Broken stone is generally claimed as best for counerete, but
quality should be taken into consideration ; the writer would prefer a
good gravel to a poor broken stone, and in many cases it would be
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most convenient,and in almost any case an admixture of suitable size
will make a cheaper and as good a concrete,

But let us take a granite sample of broken stone with 48 per cent,
voids ; our cubic yard of concrete will be composed as follows :

lbs.
Broken stone =7 cubic feet 2430
requiring .52 cubic yards rock from quarry
Voids 48 percent. X 27 = 12,96 cubic fect.
Say allow 12 cubie fect for 2} to 1 mortar
.96 cubie feet for wash,
Sand, 12 x.8 = 9.5 cubic feet packed
12 X 91.2 Ibs = 1094
Cement, 12 x 319 = 3.83 cubic feet coment
12 X 32.84 lbs, = 394
Extra for wash 30 1bs (?) 424
Water, 12 X 1799 = 215.88
Extra for wash 60. (?) 266
4214

The weights in this are not very different from Mr. Perley's, but the
writer has not time to analyse it, The chief difference is that he has
worked with a sand weighing 100 1bs. per cubic foot loose, thinking it
more ncarly an average sample such as would have to be accepted as
good on most works, but possibly he is wrong ; however, see Gillmore,
Table XiI,and pp. 178 and 179. Had we used flint oran average lime
stone instead of granite for the broken stone (though broken to the same
size and having the same proportion of voids) the pereentage by
weight would be entirely different.

In specifying for the above concrete it might be put thus :

1 bbl. Portland cement 376 Ibs = 3.65 cubic feet,

23 bbls, packed sand = nearly 3 bbls, loos: = 10,95 cubic feet.
7.05 bbls, broken stone = 25.73 cubic feet,

25 gallons water = 254 lbs.

If sand has the more voids it will weigh less sand and take the more
cement paste before increasing in bulk. In sand which has the less voids
the same addition (bulk for bulk) of cement, if more than filling the
voids, would make a larger quantity of mortar. Would it be bulk for bulk
as strong ? Probably not, and so probably a larger volume of cement
ghould be added to the sand with less voids, which is the heavier spe-
cimen ; this would be accomplished by proportioning the sand and ecment
by weight instead of bulk. Thisassumes the sand is quartz, or cqual
thereto,
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As it is not zenerally possible to tell heforchand, or at least to specify
exactly what grade of sand is obtainuble and to be used, the best
practice, if the above assumption is proved trve, would be to specify
the proportion of sand to cement to be by weight,  This slightly eom-
plicates our process,

We weuld find the quantitics in a cubie foot of our 2} to 1 mortar
with 5 p.c. and 40 p.c. water as follows : a cubic foot of cement packed
weighing 103 1bs, would require 258 ibs, sand, and at 1001bs, per cubie
foot loose X 875 = 2.258 cubie feet packed.

Sand, 2,258 cubic feet 70 per cent. solid Ibs.

= 1.581 cubic feet solidity = 258
Cement, 1,166 eahie foot pist: cement, 10
Water, .2 cubic feet 5 p.c. 258 extra for sand,
o 64
2.947 Total solidity in batch.
Amount in 1 cubic foot.
1.581 -
2047\ 70 i
1.166

2,947

66 cubic fect packed sand =

= 396 cubic feet paste
= 396 X 857 = cement 339 c. ft.
=396 X 88.27 = “ 34.95
396 X 36.31 — 14.381bs, w.
%',
2.947
Trautwine, pages 679-688, states the strength of conerete isaffected by
the quality of broken stone as well as by that of the cement, the degree
of ramming, cte., and voes on to give what cubes made with Portland
cement will stand before crushing at different ages, and further says
if not rammed the strength will average about one third less, This, if

— 0679 cubic ft. X 64 — 435 w. 18.73

true, is an important difference, und would go to show that ramming
ghould be used when practicable, but on the principle that a flour or
cement manufacturer packs his barrels with a sharp paddle or similar
instrument, and conld not attain the same vesult with a heavy blunt
beater, so the use of the edge of a shovel may accomplish the packing
better than the punning,

Mr. Perley’s paper and the above diseussion are confined entirely to
Portland cement and conerete made from it.  The natural cements and

Jimes, or mixtures of cither of the ecements with lime or with each other,
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will muke useful coneretes, and might be treated at length; but some of
our wembers, as, for instance, Mr. Monro or Mr. Symmes, ouzhtto be
induced to treat the Thorold cement in a similar way, and give us the
results of testsand experience with it,

Mr. M. J. Butler said this paper is in my judgment a timely one ; M. Bust
and while nothing new is brought forward, nevertheless it brings before
this Society in compact and convenient form the eream of recent papers
read hetore the Institution of Civil Engineers, in London, as well as an
adwmirable digest of recent books treating the subject.

I desive to toueh only upon one or two points, and these in conneetion
with the cement. 1st. Cement should be ground fine enough to leave not
more than 10 p.e. residue on the 10,000 mesh sieve (100 x 100 to the
sq. inch) : any residue rejeeted by this sieve possesses no cementing pro-
perties, being merely the equivalent of so much sand.

2nd. The specific gravity test should always be taken in preference
toany weight per bushel ; the heavy weight per bushel hitherto demanded
has been a direct encouragement to coarse grinding.

drd. Comparative neat cement tests will always show in favour of
coarse crinding, hence the neeessity for standard sund tests.  The finely
ground coment will with the same proportion of sand give the highest
result; or, in other words, by using finer ground cement we may use
more sand and have equally as strong a mortar.

4th. The author seems to have overlooked the only reliable test yet

known for free lime, viz,, the ot water test, Thereis no doubt but that
it is at one: the easiest to make and the safest and surest indication of
the properties of a sale cement, inasmuch as 24 hours after imwmersion
in hot watr we will know if the eement is safe or otherwise, whereas
it may take three or four months, if in cola water, before the cffeets of an
excess of free lime arve apparent

The analysic quoted gives what is usually considered a nearly ideal
cement ; however, all the high class German Portiands which now lead
the world carry from 62 to 64 pe. caleium oxide, showing that the
over limed coments when seasone 1 5o 1s to thoroughly slike every particle
of free lime arve the stronzest and best to use,

Mr. E. F. Bull said he wished to submit a few remarks on Mr. My Ban,
Perley’s eminently practical paper,

Mr. Perley states that * Portland cement is an artificial produet.”
Fully 1920 of the Portland ccment used in the U.S. is artificial, but
in some localities deposits of rock oceur which contain lime, elay, cte.,

in the prop r proportions, and !'rm.s: which * natural” Portland cement

——»

ar,
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may be made. Such a cement is manufactured by the American
Cement Co., Egypt, Pa., from a dark coloured rock resembling hard
slate, which is quarried, broken into fragments, burned at a moderate
temperature, ground, made into bricks and burned a sccond time.
The last burning is at a hizh temperature and is continued for some
time, after which the resulting clinker is finely ground into cement.
Following are results of tests of this cement made at the office of the
Chief Engineer of the Lehigh Valley R.R. :

Cnlnp«ni(lun — Neat
Pounds per Square Inch. or Sand.
|

\Tvm-‘ilc Strength.

1 Day. | 1 Week. 1l .\lonlh.lz.\lunlhs. ’3 Months.

145 206 | 330 | 350 ] 165
l - | 15 M0 | 230 | 240

“But it is asserted that the measure of carbonic acid is the meas-
ure of the amount of (ree lime,”

The chemical changes which the lime in the origival limestone
undergoes while being burned to form cement are somewhat as fol-
lows :—

The expulsion of Hydrogen and Oxygen (or chemically combined
water) and earbon dioxide, —thus ealcium earbonate is converted into
calcium oxide and carbon dioxide, The latter, being a was, cscapes
into the air.

Ca COy Ca O b CO.

The silica which is present as a silicate of alumina in the clay is
partly tran<ferred to the lime, forming a double silicate of lime and
alumina.  Various other substances are also formed, such as caleium
silicate, fero-aluminate of ealeium, tri-caleium aluwinate, ete., the last
two of which are considered by some to be the cause of the first setting
of the cement, but the subsequent hardening and ultimate strength
are generally attributed to the double silicate of lime and alumina,

Now, if any part of the caleium fails to combine with the silica,
alumina, ete., of the constituents, it is known as frec or uncombined
lime, and when the cement is first drawn from the kiln it is in the form
of caleium oxide. Upon being made into mortar this free lime
slowly absorbs water, forming ealeium hydrate or slaked lime,

Ca O + 11, O —— (6 (()”)-_'
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The absorption of water or slaking is a slow process; and causes
the lime to expand in volume after the cement has set, thereby
decreasinx its strength and sometimes cracking it.  If an attempt
were made to determine the amount of free lime by ascertaining the
percentage of carbon dioxide in a cement of this kind the result would ¥
be very low, while in reality the free lime might be present in consid-
erable quantity, and would be in its most dangerous form. As Mr,
Perley has said, freshly burned cement should be stored a while before
using, when the ealeium oxide will gradually absorb moisture from

the atmosphere and become air slaked, or converted into caleium i
hydrate, in which form (within reasonable limits) it does not mater-
ially affect the strength of the cement, although it renders the paste
more plastic and easily worked and retards its setting, Upon prolonged
exposure to the atmosphere the calcium hydrate slowly absorbs
carbon dioxide, forming caleinm earbonate and water,

Ca (OH) . CO: = Ca CO; + 1l O

When the free lime is all in the form of carbonate, the percentage
of carbon dioxide is an indication of its awmount, 1 part of CO:
carbon dioxide being equivalent to about 1.3 of caleium oxide CaO ;
but the free lime is then wo longer CaO caleium oxide, it has
become converted into CaC'Oy caleium carbonate, and its injurious
propertics (unless present in excessive quantities) have disappeared,
and the test is therefore useless as an indication of the quality of the
cement after it has been exposed sufficiently to the air to become
“eooled ", In the same way magnesia when freshly ealeined absorbs
water, and expands, thongh more slowly than lime, and is probably
more treacherous in its action and more difficult to deteet by mechan-
ical tests than free lime.  If the magnesia is combined with the lime,
silica and alumina, forming a triple silicate as in nearly all natural
cements, it is not injurious,

In France, cements containing more than 4 per cent. of ferric oxide,
or in which the ratio of the combined silica and alumina to the lime is
less than 0,44 or 100 to 227, are regarded as doubtful.*

Theoretically, the ratio should be 158.5 to 60, or as 264.2 to 100,
thus :—

* Baker's Masonry Construction, p. 7L
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Lime, Ca O, combining weight (399 + 16) 550
Alnmina, Al2 O3« “ (5h6 +48) = 1026

158.5
Silica 8i 02 . “ W2 = 60.0

Mr. Harrison Hayter, Past Vice-Pres. Inst. C.E., and Capt. W, W.
Maclay, C.E., sdvocate the following relations :

Mr. Havrer,

Lime, Ca O 150 parts, or 50 per cent. of total ingredients,
Alumina, Al, O, 33 « e ] “ “ “

Total, 183 # g L “

Silica, 8i O, 100 = 33 w o

Carr. Macray.

Lime, Ca O 250 parts or 60 per cent “ a
Alumina, Al Oy 42 * “ 10 o &

Total, 292 ¢« ¢« 70 “ @ “
Silica, 8i O, W0 « %24 . .

Analys’s of cement is chiefly useful in detecting an excess of
sulphur or magnesia.

Slag cement is a mechanieal mixture of iron slag with slaked lime,
and is thus deseribed by D, Colling, in his pamphlet on cement : «* It
is distinguished by its light speeific gravity and by its colour, which
is of a mauve tint in powder, whilst the inside of the water pat when
broken is deep indigo.”

It is also much more easily ground than Portland, and is usnally
finer, It attains its maximum strength in less time than the best
Portland, but afterwards retrogression takes place. Tts presence when
mixed with Portland may be detected as follows:—*‘ To a gill of
water is added 80 drops of sulphuric acid. Into this, 25 grains of the
cement is dropped, and quickly stirred so as to prevent avy setting,
and whilst still stirring, Condy's fluid* is allowed to fall in drop by
drop until the red colour remains permanent. “A good genuine
cement will require only 10 to 15 drops of the fluid (certainly not

* 64 grains of permanganate of potagh to 1 pint of water. The solution
must be kept in a glass-stoppered bottle, and a new lot frequently made to
take the place of the old, which is liable to deteriorate,
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more thau 20), whilst an adulterated cement will take considerably '
more (say 30 to 60), and u cement wade from slaz only probably over
200 drops.”

The principle of this test is as follows :—Solid permanganate of
potash is at once decomposed by the addition of strong acids, but in
water solution this decomposition does not at once take plice exeept
by contact with oxydizable substances, This action is apparent by
the change of colour,—the deep purple being rendered colourless,  All
Portland cements contain a small quantity of iron, which is easily
oxydizable ; thus with unadulterated Portland a small amount of the
permanganate will be bleached, but ccments eontaining iron in undue
proportions, such as those adulterated with slag, will bleach a much
orcater quantity of the solution.

The writer would add fine grinding of the materials before caleina-
tion to the requisites which Mr. Perley mentions for good Portland.
The English fuctories grind their raw material to just within the
limit, i.e., ,}; inch, whilst the Germans grind theirs to ', inch.*

The Buckeye Portland Cement Co., of Bellefontaine, Ohio, mavu-
facture a cement from ingredients which are almost impalpably fine,
and which is said to have stood the following tests :*

e ST T

— | Tensile Strength_(— Pounds per Square Inch. (o uposition —Neat or
1 Day.| 1 Week. |1 Month, (2 Months, | 3 Months, |10 Months. | Sand,

| T80 506 L T T 803 | Neat.

foavss | 193 291 438 571 | 605 |1 Cem to 3 Sand.
..... RIP Y 240 |........ | 328 |1 Cem.to 9 Sand.

The following table of results of tests made at the Cairo Bridge
shows the effects of fine grinding, or rather of fine sifting :

3 [ Proportion|Tens, stg. per sq. in. for different degrics
Brand and Age of Cement. “ of Sand, | of fineness, .\‘ln‘ 100 sieve.

lt | 10071 907 | 807 | 707 ] 60
Cem. 1 | {
Sand 0| 320 335 ) 318 | 305 | 319

Lonisville, 6 months old...

Cem. 1

'Sand 1| 283 | 208 | 200 | 280 | 240

Cem. 1 | |
o |'sand 2 |1we | 192 181 | 173 161

Cem. 1 [

!Slnd 0 | 620 | 621 | 659 | 692 l 712

Cem, 1 |
‘Sand 1 478 R 459 436 291 3.’)‘)”
Cem. 1

 lsand 2 |32200) 299| 263 2497|ng4

Portland, 6 months old ....

* Pamphlet by Buckeye Cement Co.

—
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Mr, Perley.
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Mvr. Perley notes that Mr. C. B. Smith disagrees with his method
of mixing concrete.  In reply Mr. Perley would state that he described
the manner in which all the conerete used in the construction of the
Metropolitan (Underground) Railway, London, Eng,— on which Mr,
Perley was engaged for 4} years—was wixed, and the experience then
gained showed that the best quality of conerete could be and was
made according to the method stated, a method called for by the
specification prepa_ed by Sir. John Fewler, Past President Ins. C. E,
Mr. Perley would also add, from personal knowledge, that the con-
crete used in the construction of the Manchester Ship Canal—a
quantity reaching 1} millions of cubic yards—was mixed in the same
way,

As Mr. Perley's paper purported to deal with Portland cement
only, and it was so explicitly stated, no reference was made to any of
the American and Canadian cements—so called cements, which are
only limes possessing the property of setting under water to varying
degreces of hardness in more or less extended periods,

With reference to * slag cement,” Mr. Perley would draw the
attention of the members of the Society to a paper in Vol. CXV, of the
Proceedings of the Inst. C. E. on “ Concrete used in Harbour Works
at Skinningrove, Yorkshire, Ing.,” in which the construction of an
important harbour is deseribed, the material used being a conercte com-
posed of 3 parts of broken furnace slag, § part of gravel, 1 part of
sand, and 1 part of cement, the latter being manufactured on the spot
by the Skinningrove Iron Comyany from the slag (waste) from their
farnaces in the manner described, at a cost of 20s per ton, as against
32s per ton for Portland cement,

If a satisfactory article can be wmanufactured from * slag " it is
well that it should be remembered, for we know that Canada is rich
in iron ore and fuel, and the day must come, and perhaps is not far
distant, when iron and steel will be made to a greater extent than at
present ; and as “slag " is a waste product, it might be turned to
account, where perhaps the components for the manufacture of Port-
land cement or some of them cannot be obtained or are not available,

Mr. Perley has to admit that he cannot see any difference between
““adhesion ” and  shearing,” and the more especially as' cement is
never applied or used where a true shearing can take place. If a cement
iss0 poor that ithas not any adhesive quality, then it cannot possess any
resistance to shearing, and therefore the shearing strength of a joint
must be in proportion, if not always equal, to the adhesive strength of
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the mortar forming the joint, As stated by Mr, J. G, Kerry, “the
quality required in the cirenit would be adhesion.”

When Mr, Perley stated that the adoption of concrete for struetures
would entail a larger initial expenditure than for timber, he did s»
because he has had a very large and extended practice in the construe-
tion of works where timber, stone and iron bolts were the only mate-
rials used ; and he has also had to deal with the construetion of works
of magnitude, both abroad and in Canada, in which ** conercte " was a
large and important factor, and the experience gained may be summed
up as follows :—

In the Maritime Provinces, the cost of timber erib-work filled with
stone, in wharves, ete,, may be placed at $2.00 per cubic yard, in
Quebee at $2.50, and in Ontario at $3.00, whereas Portland cement
conerete—say 6 to 1—will vary in cost according to locality, from $5.00
to $8.00 per cubic yard, the difference being due to freight and other
charges. Then again, a timber erib can be sunk direetly into position
filled with stone, and completed, but special preparations have to be
made for the deposit in situ of the subagueous portion of a concrete
structure ; but when in after years decay has well set in in the timber
structure, and constant repairs and eventually the renewal of the whole
of the superstructure and perhaps a portion of the substructure are
necessary, then it is that the advantage of a well-built conerete strue-
ture is seen.

Mr, Peterson refers to the placing successfully of concrete in  the
coldest weather, This Mr, Perley has done, but the precaution was taken
to use hot sand and hot water, to mix the conerete on the spot where it
was to be used, and when the day’s work was done, to cover the deposit
with an oil sail, the working day being comprised between 11 and 2
o'clock. It was a work of emergency, a failure in a coffer dam being
expected, and when the work was uncovered some months afterwards
it was found to be solid and extremely satisfactory.

Mr, Perley will not follow Mr. J. 8. Armstrong through the letter
he has written, but would simply state that the weights of a cubic foot
of concrete, of sand, and of broken stone used by him were personally
determined ; and that the voids in sand and broken stone were as-
certainedin al ike man ner, these materials being treated in the same
way as they are treated on actual work, Cement eannot be packed
in cubic foot measure, except at an outlay not commensurate with the
quasi benefits to be obtained.

Reference is made by some of those who took a part in the discussion

Q




240 Correspondence on a Cubic Yard of Concrete,

of the paper, on the use of the ““ hot test” for cements. Mr. Perley did
not refer to this test, because he doesnot deem it to be a test to which
cement should be subjected, as the results obtained are not analogous
to the results obtained in the practical use of cement, in which, asa
rule, only cold water is used for mixing, and the temperature of the
components before mixing, and that of the mass after mixture, is the
same as that of the atmosphere at the time of mixing, and that, we
all know, is not a constant degree, and no kot element can or does
intervene,

With reference to this, Mr, Perley may be pardoned for transcribing
the following from the 10th Vol, of “The Journal of the Society of
Chemical Industry’’ :—* It is necessary to remember that cements,
when actually incorporated in the work, are in a condition of continual
alteration ; they suffer gradual change from the moment of setting
until they are destroyed, Their destruction under the action of
natural forces may be exceedingly slow, butin any case it is incvitable,
Such disintegrating requires, above all things, time for their action
to become perceptible, so that no suceessful attempt to gauge the
quality of the cement by imitating the natural conditions to which it is
subjected is possible in any reasonable period. Considering that
such imitation is impossible, it is futile to cavil about any one condition
such as the temperature of the water.

“ It should never be forgotten that there is at present only one way
of determining whether the judgment passed on a cement by any sys-
tem of testing is sound, and that consists in waiting half'a century to
sce how the work stands—a work of lizited utility, Failing an abso-
lute criterion,the empirical rules based on the observations of the technical
worker, which are commonly aceepted, must be adopted, and the chem-
ical composition, tensile strength, freedom from tendency to expand or
crack, ascertained in the usual way.

“ The following deductions may be drawn from the tests made on
briuettes made with water at 15% C. (59°F.) and 80° C, (176° F.) :—

(1) Tests made cold donot indicate the quality of the cement,
inasmuch as ccment containing excess of lime, and, in consequence,
deplorably bad, may give excellent results,

¢ (2) Portland cement of good quality mixed with normal sand in the
proportion of 1 to 3 resists water at 80° C. (176° F.). Itsstrength at2
and 7 days after setting is about equal to that which it would have
at 7 and 28 days in the cold.

“(3) Poor cement containing much inert matter does not resist the
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action of water at 80° C. (176° F.), unless the setting be allowed to
proceed some days before immersion,  With this precaution, the relation
betwaen the tests, hot and cold, is the same as with good cement.

* (4) Cements containing free lime, whether because of the use of too
large a proportion of chalk, imperfeet mixture, or under-browning, do
not withstand the action of water at 80° C., if imwersed 24 hours after
setting, Where the percentage of free-lime is tolerably small, whether so
originally, or after the bulk has been slacked by aeration, the cement
will resist the action of hot water if immersed some longer time after
setting, But in this case the tensile strength at 2 and 7 days hot is
considerably lower than at 7 and 28 days cold,  Comparison of the
strength hot and cold will suffice for the detection of even small quanti-
ties of frec-lime,

“ Conclusions.— Produets containing free-lime which may pass the
serutiny of the cold test are condemned by the hot. The value of the
hot test will be greatest for “natural” Portland cements and similar
materials, the composition of which is not so thoroughly under the
coutrol of the maker as is that of ordinary Portland cement. The hot
test differentiates too sharply the good from mediocre cements, and
manufacturers will therefore object to its being included in an enginecr's
specifieation.

“ It would be injurious to endeavour to substitute hot for cold testing
all at once ; the best plan is to institute the practice of making hot
tests side by side with those ordinarily made, in order to ascertain, not
whether any regular relation exists between them, but simply to gain
the opportunity of studying the conditions of manufacture and ultimate
behaviour in practice of such cements as show noteworthy divergences
when tried by the two methods,

“ It must not be forgotten that the hot test can only replace corres-
ponding tests in the cold, and the usual determination of speed in
hardening and setting must be retained.

“ To recapitulate the method of testing proposed, it may be said that
the cement may be mixed with normal sand in the proportion of 1 to
3, the briquettes immersed at the end of 48 or 72 hours, according to
the speed of setting, and broken after exposure at 85° C., and the results
obtiined should be compared with those obtained at 28 days in the cold.”




Thursday, 21st December,
E. P. HANNAvORD, President, in the Chair,

Paper No. 8.
THE PROFESSIONAL STATUS.
An epitome of opinion gathered from the answers of correspondents
to the draft circular of the Special Committee, by

AraN Macvovaarnn, M.CAN.80c.C.E., Clhairman of Committee.

"Phe distribution of the draft report on professional status among
the members of the Society has brought out a large number of answers,
The suggestions are:—

1. That Provincial and Dominion Jand surveyors should be pre-
vented from practising as Civil Engioeers, unless they belong to the
Can. Soc. C. B.;

2. That an appeal should be made in cach Province to have mem-
bers of the Can. Soc, C. I&. of all grades recognised as professional
men, with the right to collect and sue for fees ;

3. That no practitioner be cntitled to designate himselt a Civil
Engincer unless he belongs to the Can. Soe. C. E., peinting to the
formation of a close profession. These have bheen answered in the
affirmative by almost every correspondent,

The members resident in Toronto adopted the final suggestion of
the draft report at an open meeting, which reads :—

“That at present it is advisable to promote a high professional
standard of practice through the medium of the Socicty, by issuing a
code of cthics and regulations to govern engineering practice in the
Dominion.”

One correspondent is opposed to the formation of a close corporation
with arbitrary powers in the hands of'a © fow members of our Society,”
as entirely opposed to liberal and cnlightened principles; he also
objects to the proposal to ask Universities to stop granting the degrec
of C. E., as likely to lead to a debasement of education in the pro-

fession.
Many interesting and valuable suggestions have been made by cor-
respondents, The answers coming from members all over the Domiuion
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are worthy of very caretul consideration ; and as some of them may
not be able to take part in oral discussion at any meeting of the
Society, and particularly at the annual wmeeting, a short synopsis of
the opinions is presented for the cousideration of the Society.

The privileges granted to Provineial land surveyors, under the
charters of the several provinees, is noticed by many, who point out
how far they can infringe upon the sphere of the enginecr whilst he
is unable to compete with them in their specially protected line.
Oue of the Ontario Statutes, “The Ditches and Water-Courses
Act,” sets forth that “ Engineer " shall mean Civil Engineer, ¢ Ontario
land surveyor,” or such person as the municipality may deem com-
petent to act, and in the following clauses he is termed “ the Engineer.”
In avother, the “ Drainage Aet,” there is no definition of the term
Engineer; the Council may procure an engincer or “ Ontario land
surveyor,” and in 13 cases the man so “procured " is termed the
“or ‘‘Surveyor,” and it is under his certificates that pay-
ments are to be made for the work.

Reeently enacted changes in the Ontario Land Surveyors Act have
placed the theory and practice of levelling and laying out of curves on

“ Engincer’

the list of subjects necessary for examination, thereby making a quali-
fication for the surveyor to hold position as ** engincer " or “ surveyor "
under the aets alveady mentioned. In this connection it has been
suggested that an effort be made at the next session of the Ontario
legislature, when the bills to amend the Land Drainage Act come
before the House, to limit the township councils to the employment of
only members or associate members at the Can. Soe. C. E, and
Ontario land surveyors,

Correspondents in each of the provinees of Quebee, Ontario and
Manitoba are hopeful of success in obtaining legislation in the local
houses requiring municipalities to employ only engineers who are con-
nected with the Can. Soe. C. E., to design and superintend con-
struetion of all public works, and one proposes that no debenture by-
laws shall be valid which have not been based on cstimates prepared
by engineers so qualified. One writer endorses his views by stuting
that the reasons which should be given for urging the passage of such
an act are that the safety of the life and property of our citizens demands
that no public works should be covstructed by persons mnot properly
qualified. Itis as much in the interest of the capitalist as of the
ordinary user of a railway or a bridge or a sewered district, that a stop
should be put to the proceedings of unqualified persons,
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In the North-West Territories, elose professions seem to have obtained
a solid foothold. It appears to beillegal for anyone to practise in law,
medicine, dentistry, veterinary surgery or public teaching, until they
belonz to these Guilds or Societies ; the same holds good for Manitoba
and British Columbia in many callings which are recognised as pro-
fessions in the acts ereating them close corporations,

The province of Ontario has passed several acts in late years re-
gulating the practice of a number of businesses, thereby forming them
into professions, and granting them *close” corporations ; this policy
was reversed at the last session, and it is doubtful if engineers would
now be cuccessful were an effort to be made to seek incorporation as a
close profession in that province,

All the members who express an opinion are in favour of applying
for and obtaining a Dominion charter in preférence to local rights.
The proposal to appeal to docal legislatures is thrown out as a tem-
porary measure to establish the ground for a more extensive appeal to
the higher legislature and more extended legislation.

There is a general agreement that members should be fitted for the
profession by a proper course of education ; considerable divergence of
opinion exists on the suggestion in the draft report that Universities
should be asked to stop granting the degree of C. 1. Some think it
would lead to abuses of the power granted to the Council, who could
reject an applicant from personal motives of pique, or otherwise ; others
consider the Society as at present constitutea not exactly fitted for the
task, and one or two fear it would have an injurious effect on
engineering cducation, On this subjeet some correspondents have
entered into details which we are not ready to discuss,

From the suggestions made by numerous correspondents, one readily
perceives that the subject of improved status is forcmost in the minds
of all our members ; and from the details given, there is no difficulty in
perceiving the anxiety pervading the profession for an immediate cleva-
tion of the status,

One point has cropped up frequently in the discussion, which
underlies in a great measure the difficulty with which we will be con-
fronted in this movement, The question is frequently asked : How can
you define Civil Engineering asa profession ?  What is Civil Engineer-
ing? Many enginecrs who do not belong to the Society have said to
the writer: the Canadian Society is not a society of “ Civil”
Engineers, because it embraces in its membership all classes,—

mechanical, electrical and mining ; and they say as they belong to one
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of these branches they do not consider themselves “Civil ” Engineers,
consequently they are not eligible for membership, and do not wish to
become members, The next step of their argument is, that they are
now in full practice in their respective branches of engineering ; should
a close profession be formed with protective rights to the Society only,
they would be thrown out of employwent, or be obliged to practisc
against the law, and be liable to prosccution.

It is also asked : What is to be the position of an engineer from a
foreign country, in full practice, and belonging to one of the national
societies or other great engineering associations in other lands ; is this
engineer to be debarred from practising, or how is he to be licensed ?
Must he pass examinations ?

Tt may be somewhat difficult at present to give an answer which
will satisfy every objection to the term “Civil” Engineer, as many
objectors contend that the definition in the charter and by-laws goes
beyond the limits of the “ Civil” engineer when it recites that it
““shall mean all who are or who have been engaged in the designing
““or construction of railways, canals, harbours, light-houses, bridges,
“roads, river improvements und other hydraulic works, sanitary,
*“eleetrical, mining, mechanical or military works in the study and
“ practice of navigation by water or air, or in the directing of the
*“ great sources of power in nature for the use and convenience of man.”
The objectors point out that the limits of the Society are too elastic ;
they are opposed ‘to mining, mechanical or electrieal engineers being
called “ Civil ” engineers. Some members of our Society practising in
these branches have expressed doubts as to their right to belong to a
society of “ Civil " Engineers. There seems to be an under-carrent of
feeling in favour of dropping the affix ““ Civil” and calling the Society
the Canadian Socicty of Engincers, Several practitioners, who are not
now members, have expressed their readiness and willingness to join if
the name could be chang:d as suggested above,

The writer desires to express briefly his personal views on some of
the points raised in the diseussion. On the subject of education, he
would advoeate the fullest use of the advantages now offered to stu lents
in our magnificently equipped and  endowed Universities; he has
strenuously advocated a thorough cducation through the means of these
schools, and he is heartily in accord with the work they do in training
our young men.  On the point of the degree, heis in favour of dropping
the C. E., and giving some other degree, as, for instance, in Applied
Science, leaving the C. E. to be obtained from the Society after the
graduate has fulfilled conditions to be laid down by the Society.

I R e S
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The writer would recognise the standing of an engineer who belonged
to uny of the leading well-known societies, and admit him to member-
ship and right to practise on complying with some light formality.
He would advoeate reciprocity rather than restriction; he admits
that one consequence of the proposed new condition would be that an
engineer could only practise as long as he paid his annual fees or dues
to the Socicty : the rule obtains in other professions, there is no reason
why it should not be sucecssful in engineering, The writer fails to
comprehend the diffienlty which appears to have arisen in the minds
of wany members, that Enginecring eannot be so designated as to be
called & profession ; it seems to him that there is no more difficulty in
defining Civil Engincering than there is in defining Law, Medicine
or Theology.

With reference to the present position of the Society, the bject and
purpose, as set forth in the, eharter, ix “to facilitate the acquirement
“and interchange of professional knowledge among its members, and
“more particularly to promote the nequisition of that species of
““knowledge which has special refercnce to the profession of Civil
“ Knginecring, and, further, to encourage investigation in counection
“with all branches and departments of knowledge connected with the
“profession,” Under this charter we are perhaps unable to assume the
more extended duties of eontrolling professional practice by licensing
our practitioners,

The writer was unfortunately not able to be present at the meeting
of the Am. Soe. C. K, in Chicago in August, when the report on
Ethies was presented ; he has been informed that those who spoke on the
subject expressed themselves satisfied with the existing code of honour,
and did not consider it a part of the duty of the Society to formulate
a code of Ethies. These opinions apply to our Society as presently
constituted, There is no reason why the same powers and duties should
not be conferred on our Society which have lately been obtained by
the Ontario land surveyors, who enjoy, under an act assented to in
April lust year, power to have a perpetual succession and common seal,
hold real estate up to a certain value, over which the usual powers are
given, and inter aliv, to dispose of fines and fees payable under the
Act, or any by-law passed by the Association, and regulate :—

(«) Government, discipline and honour of its members ;

() ‘Management of its property ;

(¢) Examination and admission of candidates for the study and
practice of the profession ;
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() And for all such other purposes as may be necessary for the
working of the corporation.

Powers such as the above, the writer hopes, will one day be con-
ferred on our Society ; his earnest desire is to sce the Canadian Society
the centre of the engineering profession in the Dominion, with such
value attachud to its membership as to be a guarantee of an Engineer’s
standing. e believes that it will be in the best interests of the pro-
fession for the Society to have the power of regulating the practice of
Enczincering.  There will be no lowering of its dignity, the present
ohjects of the Socicty ns a channel ““to facilitate the acquircment
and interchange of professional knowledge " among its members will
be waintained, an impetus given to ““cencourage investigation in con-
“ nection with all branches and departments of knowledge connected
“ with the profession,” and an esprit de corps formed amongst its
wembers which wiil he an indissoluble bond,

T'he history of the medieal profession in Scotland is a perfeet ex-
ample of this.  About this time last century the status was very low,
the influence of the medical schools was hardly felt, the condition of
the practitioner in the North, particularly under the Aberdeen school,
deplorable,  One or two bright minds set to work to remedy the evil,
and Lefore half a century had passed the Aberdeen Medical School
could point with pride to many names on its roll which were rapidly
spreading its fame ; and now, after a century, it can take pride in the
list of illustrious graduates who have passed out of its halls. Aber-
deen had no noble benefactors, there was not sufficient wealth in the
country to enable any patron to make prineely gifts to education, the
improvement cawe from within, the whole body of the profession set
itself to right the abnormal condition, the spirit which animated the
profession is found in the words of one of the professors, who concluded
his inaugural address with these words: ““The road to eminence is
“steep and rugged, and has unfortunately caused many to seek for
“mean and dishonest methods of self-advancement.  Be satisfied that
“ such arc not lasting, and that the man who has been just to his pro-
¢ fession is alone in possession of true greatness,”

Is not the position of Engineering in Canada to-day in such a con-
dition that it requires only a little careful management to bring about
results which will bave the most beneficial effeets even before this
century shall have died out ?

The medical profession in Canada labours at present under many
disadvantages due to provincial charters, which prevent free intercourse
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between practitioners in neighbouring provinces ; the laws as they stand
at present prevent an Ontario graduate from practising in any other
province until he has passed cxaminations similar to those he passed
on leaving college ; it matters not how high Lis standing may be, he has
to undergo the same treatment as the lad emerging from College. A
movement has been initiated to have reciproeity between the several
medical schools in the various provinces, the details of which the
writer hopes to acquire ere lonz, when they will be given us an
addendum to this discussion.




DISCUSSION.

The Secretary stated that Mr. Macdougall wished to send this
memorandum out to all members, and this would be done. It was
compiled in his eapacity of chairman of the Committee for the informa-
tion of members of the Society.

Mr, Hannaford said the point is: shall we, or sha!l we not make our-
selves a close corporation ? It is a very large question,

M-r. Peterson said that is the question, should it be a close corporation ?
And he thought the opinion of the Society then was that, following the
practice of the English and the American Societies, it would not do to
make a close corporation.

Mr. Hannaford said he had the pleasure at the time of last annual
meeting of Mr. Macdougzall’s company during several days, and no one
could help being instructed by him. His views are very pronounced,

" and the speaker felt he was not wrong in stating that in Mr. Mac-

dougall’s opinion the Society should be a close corporation, and that it
should be the guiding element in the profession in this country.
Whether that can be done or whether it cannot be done is for you,
gentlemen, to say at the next annual meeting, or it will be for you to
dispose of. It was thought that if the matter could be talked over
quietly, we could get a little information and be better able to speak
of it at the annual meeting,

Mr. Sproule thought it would be well, if practica®le, that there should
be printed an extract of the letters which Mr, Macdougall had reccived
in answer to the draft report. It would be important to have this done
in time for the annual meeting, Tt is likely, according to Mr. Mac-
dougall’s report, that it will be some time before any further attempt
is made in the direction of a close corporation, Of course we are all
very well aware that Mr. Macdougal! is decidedly in favour of close
corporation, and the speaker thought that there was little doubt that
a vote of the membership taken on the question, “ Do you desire a
close corporation ?” would result in three-fourths of the Society being
found to be in favour of it. The whole difficulty comes up in the pos-
sibility of making the Society a close corporation. There are very
many prominent engineers who would be opposed to it, but the
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speaker believed even they have been chauging their opivions during
the last five years. The profession of engineering is going down lower
and lower and being battered around like an old cap.

Mr. Peterson said he did not think that we would find any strong
objection on the part of the Government.  If the Society once made up
its mind, he did not think there would be any difficulty in getting the
Legislature to pass an Act making us a close corporation. e thought
there would be greater difficulty for the members to decide whether
this was desirable or not.  For himself he was rather undecided. He
thought that perhaps we were just as well as we are at present, and he
could not see any great advantage to be derived from it.

Mr.H. A, F. MacJeod asked, what about the engineers that are not
members of the Society.

Mr. Peterson said, that of conrse they would have to join the Society.

Mr. J. M. Shanly agreed with Mr. Peterson. 1le did not suppose
that there was any doubt among the members of the committee as to
the advisability of doing something, If the committee would submit
some scheme, the Society would then be enabled to take some action on
their report.

Prof. MeLeod said Mr. Macdougall's idea was to give all the
information possible in the summary which he had prepared, in order
to give the members an opportunity of discussing the question and
deciding what had best be done. He had no doubt that he would as
chairman of the Committee submit a report which would be preseuted
to the annual meeting,




CORRESPONDENCE,
Mr. F. A. Bowman would suggest that for the present the Socicty
try to get an Act in each province in accordance with suggestion No.
2, the Act if possible to be exactly the same in each province. Hav-
ing secured that, but not before, try to get an act through requiring
all public works carried out by the Dominion or Provincial Govern-
ment, or that have to be inspected by them, to be done by members of
the Canadian Socicty of Civil Engineers. The matter must be pushed
slowly and carefully, or a storm of opposition will be raised by the
numerous class of unqualified practitioners whom we wish to exclude.
They often possess great political influence, and could crush out the
measures we wish to take.

r, Bowman,

Mr. N, J. Giroux asks with regard to suggestion No. 2, what is . Giroux,

the matter with the Associate M, graduates of Canadian Universi-

. ties? And in regard to suggestion No. 3, says what would be the use

then of spending time and money in following an engineering course
in our established universities, without having the desire of joining
the Society ?

The writer thinks the resolution adopted by the Toronto members,
“That at present it is advisable to promote a high professional stan-
dard of practice throughout the Dominion, ete.,” very objectionable.

The writer agrees with the correspondent, who is opposed to the
formation of a close corporation with arbitrary powers in the hands
of a “few members of our Society, as entirely opposed to liberal
and enlightened principles,” ete., and endorses this gentleman’s ideas.

Mr. Gustave Lindenthal said it will not be disputed by those who wr

know, that the professional status of the engineer on the continent of
Europe, and in England, is higher than in the United States or in
Canada.

The principal reason for it appears to be a prohibition for anyone
to adopt the' title of “ Engincer,” unless qualified for it by studies in
a recognised polytechnical school, or in the office of a prominent en-
gineeer, and by a thorough mathematical education for the branch of
engineering which he may be following,

An engineer should have the spirit of scientific inquiry and research,

Lindenthal
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which result in professional pride, independence, and esprit de corps,
forming a distinguishing feature of the academic and professional edu-
cation on the continent. The writer believes it feasible that profe-
sional pride and esprit de corps can be fostercd in Canadaby an asso-
ciation and union of engineers, organized under a Dominiou charter,
for the purpose of establishing a high professional status.

It should be a’primary condition of full membership in such an in-
stitution, that the candidate, besides having attained a mature age
of at least thirty years, should have, with the required practical ex-
perience, a thorough mathematical knowledge for the branch of engin-
eering which Le is following. 1t may not be feasible or desirable to
prescribe that he shall be a graduate of a polytechnical school, since
theoretical and mathematical education can also be acquired by private
study, but in such case the fact should be established to the satisfac-
tion of the institution, Without it, the candidate should not be enti-
tled to the name of Engincer or to membersh p in the institution. His
scientific knowledge should be exemplified in his works, designed and
carried out by himself, or by his writi: s, or by the credentials of
a rocognised institution of higher techi il education,

Mo distinguish an engineer of this kind from the “C. K.” of the
colleges, or from locomotive drivers, a certain distinguishing title
should be authorised by the institution, by virtue of its charter from
the Dominion ; and I could think of no better at present than ** Engi-
neer and Member of the Canadian Society.”

As to the question, whether a land surveyor, having sufficient
knowledge of trigonometry, should be accepted as having the necessary
mathematical knowledge for the profession of an engineer, the writer
should say “ no.” The mathematical knowledge should be that of ap-
plied mechanics, hydraulies, electrical, dynamicsl, kinetic energy, ete.,
without which scientific knowledge, in our present day, no engineer
can expeet ““ to direct the great sources of power in nature for the use
and convenience of man.”

To make the title respected and of value, the charter of the Society
should provide for the punishment of its unauthorised use by indict-
ment, fine and publication. Only members of the Society should be
recognised by the public authorities as having the necessary qualifica-
tions for taking charge of work, or to act as experts,

The writer is aware of a spirit among a few enginecrs, who hold that
engineering is not a profession, but a trade; discussion with such
would be useless, The one question and aim to be considered is the
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raising of the status of the engineer to that of other professions, requir-
ing a higher education for their successful practice ; and to protect the
community against impostors and quacks, wherever they turn up,

The writer would go still farther, and say, that such a socicty should
prescribe, in general terms, the minimum fees to which an engineer may
be entitled for his services, as has been done hy the Architectural
Societies, A code of ethies for the members, with a tribunal created
by the Society, under its charter, to decide and enforee the rules, and
punish violations of them, would certainly be a means of making mem-
bership a great honour, and a guarantee of honourable conduct in profes-
sional work,

It should not be assumed as sufficient that one member should treat
another as a gentleman, In the sharp competition for business and for
work, it is not always done, as most engincers have themsclves expe-
rienced, The serupulous, honest, and honourably dealing engineer has no
chance in competition with the unscrupulous. Some serious conse-
quence to be incurred by dishonest and dishonourable conduet would
certainly improve and gradually establish a high standard of profes-
sional efficiency and honour. A code of ethics is never necessury for the

considerate, just, and best members of any body, but no one body

consists of such members alone ; therefore the necessity, in the writer’s
opinion, for a code of ethics, which shoald furnish the rule for those
whose natural instincts are not a safe enough guide for their profes-
sional actions. A high esprit de corps is not only laudable in itsclf, but
it would command respect from others, and give dignity and honour to
a profession which requires hard study, high intelligence and character,
and many sacrifices, and for which the pecuniary compensation is not a
sufficient consideration or inducement,

Reciprocity with other societies should be had only with members of
at least five years’ standing, and only with socicties whose professional
status and requircments are at least as high as those that would be estab-
lished in Canada.

The writer would further suggest, that the proposers of a new
member in the Society should be members also of five years’ standing.
He has several times witnessed the farce, that newly-appointed mem-
bers of a few days or weeks, after having themselves been elected with
some difficulty, have come forward as proposers of candidates, This
should not be. Membership in the Society should not be made so
casy. Any candidate, having the necessary qualifications, would have
no trouble in finding the necessary number of proposers of five years’
standing as evidence of his sincere desire for the honour sought.
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Mr. James T. Child of Calgary, Alberta, wrote, expressing his plea-
sure that the Society had taken ir hand the matter of forming a close
corporation. That the new Irrigation Act, at present before the local

legislature, threatens mischicf to the engineers in giving unduc pre-
eminence to the Dominion Land Surveyors. He urged that the forma-
tion of a close corporation be pushed forward, that the Society be
chartered and recognised in the same manner as the Dominion Taud
Surveyors.




Thursday, 4th January,

E. P. HANNA¥ORD, President, in the Chair,

The following candidates were balloted for and duly clected as ;=

HoNorArRY MEMBER,

2

His Excerrexey mne Rienr Hox. tue Earn or Aservees, G. C, B,

MEMBER.

Roserr WiLriam Kixe.

AsSOCIATE MEMBERS,

ARTHUR T'RISTRAM PHILLIPS, Warrer Rrrnerrorn,

Wirniam Tuonas Tronresox, Freverick Ricuarp WiLFoRD,

STUDENTS.

Cuarrgs F. J, B. ve Bovenervinie, Georce Gray Hare,

Hayinrox M. Kinnany, Kexyern B. THorytoN.

The following was transferred from the elass of Associate Members
to the class of Members :

CHARLES DANIEL SARGENT.

The following were transferred from the class of Students to the

class of Associate Members :—

HaroLp Arcmsarp Morrow, Cuarres Herperr PiNnEY,

Wirriam Cuase Tuomsos, Raovr RINFRET.




Paper No. 85.
MASONRY WORK OF THE CHEAT RIVER BRIDGE
By Ceci. B. Sairn, A M.Can.Soc.CE.

This bridge, built during 1892-93 by the Baltimore & Ohio
R.R. Co,, at its crossing of this river, on the State Line R.R.. between
Uniontown, Pa., and Morgantown, W, Va., was, with other work, put in
charge of the author of this paper in Jaly, 1892,

Awongst the first duties were to establish, accurately, the highest
known flood level, and also to make surveys and soundings of Clicat
River for 2% miles above the proposed bridge site, this latter inforua-
tion being needed to demonstrate to the Federal Government that this
river was unfit for navigation and its improvement impracticable. in
order that the grade of our crossing mighe be placed, as near as safety
might warrant, to the flood level,

The highest known water was in July, 1888, when the river ros
exactly 30 fect, above pool level, at this point.

It will be understood that the Cheat River empties into the Monon-
gahela immediately below the bridge, and that this latter rviver is
improved for navigation from Pittshurg, Pa., to Morgantown, W, V.,
by a series of dams and locks, which pool the water about every 10
miles, on an average,

Pool No, 9, of Monongahela, backs 2 miles up Cheat River, at low
water, and has raised the water level at the bridee site 8 feet, or from
an original depth of b feet to a present one of 13 feet at low water,

The grade line was put 35’ 6” above pool, and bridge seats 32/ ahove
pool, or only 2 feet above the highest known flood level.

This seems very little margin, but when it is considered that only
exceptional floods raise over 15 or 20 feet, and that any higher water
than 30 feet would allow the water to flow over a large arca, throuzh
the village of Point Marion, and thence to the Monongahela by another
chanuel, it will appear quite sufficient, especially as the drainage area

for 150 miles and including all its branches is in a mountainous region
where the conditions are not likely to be ever changed, by clearing the
land, to any great extent, for cultivation,
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The bridge consists of 4 through spans 135" centres, and 2 half
through plate girders of 85" and 65" over all, or a total lenzth of 690
fect, and is now being put in by the Pencoyd Bridge Works,

It will be noticed, by the weneral plan; that 200 feet of the bride

on a 9° 45" curve. This is arranged for by lengthening Piers I and I1
(Plate XTII) sufficiently to space the wain trusses of these spans
enough wider than those on tangent to allow for curvature.

This is not as bad a feature as it otherwise would be, owine to the
proximity of a depot and town, thereby causing trains to slow down
at the |Jl'itl‘r_’-'.

The triangulations were carried out in duplieate and checked to s
foot ; the average was taken, and found afterward, by actual measure-
ment, to be within ! foot of being correct.

The wain base line was laid out exactly parallel to the axes of the
piers, and both base lines were hubbed and levelled every 50 foet.  The
levelling was found necessary, even on fairly level cround, as a 400 ft.
base line shews L foot error when the tape was levelled by the eye only,
over fairly level ground.

The angles were repeated 12 times with a Young & Sons transit,
graduated to minutes only, and checked to within } minute on averages

This error of closure was found to be always on the small side. One
writer aseribes this fact to the instrument being out of level by repeated
turnings, but tln- author believes it to be due to a slight drageing of
the axis in the direction turned,

The soundings were taken by a very simple metkod : The positions
on the base line, exactly at right angles to each sounding needed were
fixed on the ground, as also on a similar base line on the other side of
the river also parallel to the axes of the piers. This gave one range,
operated entirely by rodmen or axemen. The other ranze was by
transit angles from the distant end of o base line.

In fixing the dredge flags, afterwards, the same method was adopted
and found to work very well. This, in case one transitman only is
available, and for rivers not over 500 or 600 ft. wide, will be found a
ready method albeit probably familiar to most of my readers

The soundings for pier foundations disclosed a thin layer of closely
cemented gravel, overlying soft clay shale at Piers IT, ITT and IV,

13 feet of mud and gravel overlying rock at Pier V.,

And apparently solid rock within 7 feet of water surfuce at Pier I.

This last information was afterwards proven entirely incorreet, and
came near causing great trouble,
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The seeming solid rock, obtained in about 15 different rcadings,
which all made the rod ring, was merely a solid mass of huge boulders
forming the toe of an ancient slip, from the mountain side adjacent, and
which extended from about 200 feet above the water to the bottom of
the river, and varied from 3 to 20 fect in thickness.

When the cofferdam, made by an artificially made filling, above
water level, into which sheet piles were hand-driven, encountered these
boulders, driving had to be discontinued, and another row of sheeting
and ring of timbers put in. This was, with much difficulty, carried
down completely past the slipped material to a firm clay foundation,
nearly level with the river piers’ foundations.

The masonry base was well spread out, and the pier has not settled by
the slighest noticeable amount, when tested by levels,

The foundation for the north abutment was commenced before that
of Pier 1, the material being wheeled to form the artificial dam
wentioned ; and as it was supposed that solid rock was within 7 feet
of water level, or 16 feet of ground surface, or even less, no great dif-
ficulties were looked for, It wasaccordingly thevght ample to lay out
foundation pit 4 feet all around larger than the proposed pilaster, which
was to be 12/ 6" at its greatest width.

Here would seem a good opportunity to warn beginners in founda-
tion work of any great possible depth : “Be sure to luy them out
“amply large for supposed needs, and then add 1 or 2 feet ull around
¢ for exigencies,”

After this foundation was carried down 12 feet, the old slip, before
wentioned, consisting of clay and boulders, was encountered, and it
became evident that the pit must be carried down past this layer to a
firm clay at least,

A second row of sheeting was necessary, and the question at once
arose (—

Whether the abutment, as originally designed, was heavy enough to
withstand the pressure of a mountain side behind, liable to move at
any woment, and with only a narrow support (See Plate X for cross-
seetion) between the abutment and the river !

It was resolved to carry down as large a foundation pit as possible
und fill it with wasonry, Soft rock was obtained 23 feet below ground
and neat lines, or about 49 feet below grade, and a width of 14 feet
there given to the masonry and concrete, T'his width was carricd up to
the neat work, and all spaces between the masonry and sheeting care-
fully rammed with concrete or carth ; the remainder of the abutment
was built according to plan.
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During the excavation of this foundation the pressure on the timber-
ing was enormous. The 12" x 12" struts were spaced 6 fee tapart long
itudinally, and the rings were about the same distance apart vertie:

‘\‘;

but these were found, in places, to be crushing the timber rings to such
an extent as to requirc many extra ones, There is no doubt but j
that the building of a spur from the main line at this point, along

with the embankment for the main line itself, had put the mountain side 1
out of balance, and the whole mass was pressing on the back of the

excavation timbering,

This point is made elear by two facts, which were discovered during i
the progress of the work: 1st, a bench mark on a very large sound |
stump 200 feet up the river from the abutment had settled 22-100 1
feot before being discovered (luckily causing little or no errors) ; and {
2nd, that a deep well about 500 feet down the river from the abutment
was 2 or 3 feet out of plumb, although only dug for 2 or 3 years, ;

The whole country, along the banks of this river and the Monon-
gahela, is in a state of unrest, and needs hardly any provocation to
make it move slowly but surely toward the river's edge,

On bringing the cmbankment forward, after the abutment was
completed, a slight erack appeared in the flared back wing, but on
ceasing to add new material, when almost completed, the crack /|
ceased to enlarge, and the abutment is since standing all right, DBy k
adding a few cars of coke cinder the load will not be appreciably .
increased and the embankment completed, !

This abutment was thoroughly well built of the very best descrip-
tion of first class masonry facing, with heavy well bhonded coursed
rubble backing, the average size of stones being about 2} x 5/ x 27,

The work was done under the closest inspection, very few spalls
were used, and an abundance of mortar where needed.

By the eross section on Plate X it will be seen that it was designed
for 4-10 heizht plus front batter, to the ground line, and a pilaster

below.  On the same plate are cross-sections of a few other abutments

built at the same time under supervision of the writer, of good sccond
class masonry throughout (which by B and O specification is almost
as good as first class masonry in this region of large sized stoncs), in
which the same rule has been substantially followed.

All of these abutments were subjected to wnusually severe conditions ;
all were loaded with wet heavy material behind, and had weak
supports for tieir pilasters in front, most of them were partly built in

the winter season, and all were loaded, soon after completion, with a
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ramiing grade, dump, and entirely untamped, Yet they have stood
to their work with slight c¢racks, which ceased in a few days after the
severest strains were over,

Theory has wrestled more or less suecessfully with the design
of carthwork retaining walls, and as it has not positively determined
any one of the three conditions necessary to a successful solution of
the question, namely, the amount of thrust, its direction, and point of
application, it is most intercsting to know, not so much, that an
abutment has stood the test of time, but that it is, as nearly as possible,
the most cconomieal strueture for fulfilling a given duty.

Someone has said that : “Those are poorly designed culverts on a
““line of railway in which not even an oceasional one at widely separated
“intervals has failed to carry the rainfall” And in the same way,
although not arguing to the point of fuilare, those are poorly desizned
abutments that are so needlessly strong as to be far above their
requirements at the moment of greatest strain, which moment is
when the cement is not fully hardened and the embankment settling
rapidly and full of moisture.

Never again will such a structure be called upon for so great a load
as in the first few days or weeks after the embankment has been built,
Onee it has stood this ordeal we may consider iv safe from all damage
except by weathering and frost.

The author has also placed on Plate X the scetion of an abutment
built in Canada, in 1888, under his supervision, which is of much
heavier design, and as it had very good opportunity to get fully sct
before the embankment was made in layers by train, it would scem very
heavy for its duties, unless the greater severity of climate of Ontario
over that of Pennsylvania, which is very small in amount, be counted
against it.

T'he author would very much desive opinions from members of the
Society, engaged in such work, on this much vexed question,

Plate XT shows some details in constructing the river piers.

The dredging lines were marked by 4 flags for cach excavation, 2 in
the line of each side of a pit, one being 20 feet distant from the up
stream end of the pit to measure from, the other some 200 feet further

up stream to give line,

These flags were very large quarry stones, with a 20 foot scantling
dowelled on to one side in an upright position. A rope attached to the
stone and slipped over the top of the flag served to raise the stone for
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rewoval or setting.  The dredges were worked backward down stream,
and did not interfere with the flags,

The pits were dredged H fect all avound larger than the timber
eribs, to allow for variation in sinking the latter ; this being sufficient,
as the dredging was only about 1 to 2 fect deep, and chiefly consisted
of zravel and soft shale. After dredging a pit to a fairly even
surface, the dredge was drawn up alongside and anchored (with spuds).

The side was then graduated every 3 feet, and a small coal barge,
placed at right angles, done in the same way.

Sonndings were then taken every 3 feet each way, and after being
recorded on a diagram (See Plate X1.) the high spots were found by
inspection, A diver was then sent down to these spots, which he
levelled off by hand or with a bar ; by this mear
the foundation of the eribs was obtained, but further uniformity was
secured by a thin layer of broken ston: earefully shovelled from a
barge into the low places, by aid of «unding poles, with large iron

a good surface for

shoes, to prevent their entrance inty the smallest interstices,

The timber eribs, with caissons properly attached and eaulked,
were then floated into place, and after being roughly located were
anchored by guy lines attached to shore or to sunken boxes of stone,
which were used because ordinary anchors were not on hand, and
would probably have dragged on the rock bottom if they had been,

Masonry was then built into them until bottom was nearly reached,
when they were carefully located by transit and wires from the shore,
and sunk.

The wire used was No, 15 German piano wire, stretched to about
30 Ibs, tension, tazged every b feet, where needed, with pieces of wire,
attached by solder, T'o make the solder firm it was found necessary to
remove the exterior coating of the wire by muriatic acid.

During the sinking of one of the eribs, the foreman, with it within
2 or 3 feet of bottom, found onc corner high, and, before getting care-
fully located, thought it better to get the erib levelled up, after which
the practice was to put the erib in exact position, about 1 foot above
bottom, and then by piling on large stones at one end, that end was
lodged and the position fixed. But alas! for him, in this case, being
out of position, it had lodged on a high undredged corner ; and after
putting 10 or 15 of the largest stones he could find on this obdurate
corner, it was still high, and the theory of hydrauiies put to confusion.
On discovering the true state of affairs, he, painfully but wrathfully,
removed the stones in order to move his erib at ally all of which has a
moral attached. '
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Of course a crib cannot be landed perfectly exact in position, but
all that is necessary is to get it so nearly so that the neat work,
when laid out, will have a'good footing all around, on the pilaster.
For this purpose the latter was designed 14” all around larger than
the neat work.

The noses of the pilasters were brought into shape gradually in the
top 3 courses, so as to give good bond with the neat work.

Rip-rap was placed around the piers after completion, as shewn on
Plate XT, consisting of 1and 2 man stones, taking a natural slope, and
also of smaller stones placed earcefully between the eaisson and masonry
during the sinking of the crib.  All this might have been done with-
out, possibly, by a poorer corporation, as there is very little current at
low water, but under a 5 or 10 foot raise, the current is very swift,
and the precaution was considered worth the money ($4,652.50).

The cut waters were plain 45° at one end only, and might possibly
have been improved by being put at the downstream end also, to avoid
eddy ; but this is not appreciable under ordinary water, which is slacked,
and the eddy only occurs during raises in the river. These noses are left
rock-faced, as it was thought, to look more massive, and to answer the
purpose fully as well, as their duties are only to split so/¢ ice and divide
up jams of logs.

The masonry is all first class, except the backing of the abutments,
which is of very heavy superior rubble, and was built under the fol-
lowing general specification of the Baltimore & Ohio R.R. Co. :
“This class of masonry will be ranged rock work of the best de-
seription ; the face stones will be accurately squared, jointed and
bedded, and laid in courses not less than 12 inches in thickness,
decreasing from bottom to top of the walls; joints to be well broken,
no break less than 9 inches,

“ The stretchers to average at least three and a half feet in length,
and none to be less than three feet in length ; to have at least sixteen
inches bed for all courses of from 12 in. to 16 in, rise, and for all
thicker courses, at least as much bed as rise.

“ The headers to have a width of not less than cighteen inches, and
to hold the size back into the heart of the wall that they shew in its
face. They shall occupy at least one-fifth of the whole face of the wall,
“ and be, as nearly as practicable, evenly distributed over it, and so
that the headers in cach course shall divide equally, or nearly so, the
¢ spaces between the headers in the course directly below.  When the
“ walls do not exceed 3} feet in thickness, the headers shall run entirely
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through, and when they exceed that thickness, there shall be as many
headers of the same size in the rear as in the front of the wall,

“ In walls over three and a half feet, and not over six feet in thick-
ness, the front and back headers must alternate and interlock, at
least 12 inches with each other ; and in walls over six feet thick. the
headers shall be at least 3} fect long, and alternate front and back,
as above described, their binding cffect being carried throngh the
wall by intermediate stoncs, not less in lenath and size than the
headers of the same course, laid erosswise in the interior of the
work, The stretehers in the rear of the wall and the stones in the
heart of the wall shall be of the same general dimensions mand pro
portions as the face-stones, with equally good bed and bond, but
¢ with less attention to nice vertical joints, and must be well fitted to
“ their places, and carry the course evenly quite through the wall.
Any small interstices that may remain in the heart of the wall will
be carefully filled with small sound stones or chips. The face-stones

‘ ghall be left rough on the face, except a square or bevelled dralt of

one and a half inches around cach stone may be required—no pro-
jeetion of more than three inches from the draft being, however,
allowed.”

To this were added the further requirements that all vertical joints
be dressed back true for 12 inches from the face, and that no header
should break over a joint. The masonry was all laid in full mortar
(except the copings which were grouted), and has drafts,at all vertical
angles, 2 inches wide. The only portions of the face that have addi-
tional work are the tops of copings, which are fine pointed (but not
bush hammered), and the faces of the parapet walls, which are rough
pointed to facilitate erection of iron work.

The copings were clamped, as shown in plan of abutments, with
flat |m| clamps of 137/ x }" section sunk in level and then flushed
over with a thick grouting.

The sandstone used was from the coal measures of the Carboniferous,
and underlies the 9-foot Connellsville eoking vein about 100 feet, Itis
very easily quarried and rifts easy and true to bed, and is so full of
quarry sap as to make it very easy cutting. But, on exposure, it
hardens rapidly, and in that climate stands weathering well.

The cement used was the Louisville Black Diamond, a very wood
Rosendale, if used when fresh, but deteriorating rapidly with age. It is
of a dark slate color, very uniformly ground, has no free lime to notice,
and will stand 45 to 60 lbs. in 24 hours. It was shipped in paper
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bags, which saves about 20 cts. per bbl,, and costs 81.10 per bbl.
delivered in Morgantown, W. Va., on cars, Ordinary mortar was
mixed 1 cement, 2 sand, and kept continually and thoroughly tempered
on the wall until a box was used up. Asthis is a quick setting coment,
this was very necessary, and experiments lately made in Ohio show
that cement so tempered does not lose much strenzth for one or two
hours, but if tempered for a long time, say eight hours, will reduce its
strength about 80 per cent. at end of one week, and 40 per cent. at the
end of seven weeks,

The conerete in abutments was mixed 1 cement, 2 sand, fil'ed with
stone, broken for a 2 ring. The mortar being made as usual, by
mixing czment and sand thoroughly before adding water, and then heing
thoroughly mixed again b:fore adding the stone, This is particularly
wentioned, beeause most contractors (beeaus: it is cheaper) and some
engineers even make conerete by putting down alternate layers of sand,
cement and stone dry, and then add water, and mix by repeated
turnings over. This the writer does not consider will blend the sand
and cement so thoroughly as in the first method, or give as good
results. The conerete was then put down in 9 layers, and rammed
with a 2-man rammer, until water stood on the surface.

In pointing the masonry, all joints were raked out for one inch in

Stonel
depth and pointed thus —{(Mortar with mortar mixed 1 sand, 1
Slone’
cement, which seems in practice to give better results than neatcement
mortar, as the latter eracks badly if applied in hot weather.

The timber work was commenced August 29th; masonry work
commenced September 24th, 1892 ; suspended January 10th to March
1st, 1893, owing to river being frozen, and completed April 30th, 1893,
or a total of 167 working days, in which time was built :—

367 cubic yards of timber,
250 ¢ e concrete,
S0 o masonry,

4327 « = total,
of which all but the conerete was laid by one gang, or at an average
of 25 cubie yards per day, including all stoppages from rain and other
incidents,
On one oceasion in Pier T, 200 cubic yards were laid in 48 hours
working relays every 12 hours,
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The cost of the structure is as follows :—
1327 c. yds. masonry, timber and concrete at $11.00  $47,597.00
‘_’.“‘.) . SIRD . sisnssssssrissnninaivessansosnib D00 4,652.50

2085 * dryearth eX0,...co00ners0svsns wesitit B0 1,042.50
179 dry rock exc..... sssssssesesit. 1400 179.00
1,776 “  wetexc...coues at 2,00 3.5562.00
Superstrueture, estimated to cost $33,000............ 33,000,00
Total. vucosarnas sssasssnnesmersien svaviasarassansssase v 890,023.00

The contract price given for masonry in the above table included
all dredging, coffer-dams, pumping, bailing, timbering, cement, sand,
and cvery other expense connected with the construetion of the work,
except excavation of foundations, as noted in same table, wet excava-
tion being considered as all waterial below pool.

There were 1,930 barrels of cement used, out of which about 300
barrels were used in conerete, leaving 1,630 barrels for masonry work
proper.  Allowing 130 barrels as wasted or condemned, which is above
the mark, leaves 1,500 barrels for 3,710 cubic yards, or 4-10 barrel

_per cuhlc yard,
As this work was watched continually by an inspector, so that no
1 large spaces were allowed, it may be considered a very generous use of
cement, especially as the writer has occasion to know that in 5,000
cubic yards of second-class rubble arch and box culvert masonry,
built on another part of his work, where the cement was furnished
gratis by the company, and also inspeeted, the average was only

#-barrel per cubie yard.

As the former was a much higher grade of masonry, in which, as
before mentioned, very few spaces or interstices of any size were
allowed, it refleets creditably on the integrity of the contractors,
who were The Drake & Stratton Co. (Ltd.) of Pittsburg,

A GENERAL PLAN OF PIERS.

Plans of abutments and general plan and profile of the bridge are
also presented, which may be of some inwerest as to detail.

They were prepared by Division Engineer, Mr. Andrew Onderdonk ,
under approval of the Chicf Engincer B.& 0. R.R. The construction
of the State Line & F., M. & P, R.R.’s was under the charge of the
former zentleman, and the writer cannot but make mention here of the
great amount of new ideas and careful detail that he has learned while
with him on these roads and the Roanoke & Southern Railway, of
which he was the Chief Engincer,
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In conclusion, the author does not claim to have done anything th:
would be of great interest to older members of the profession er mv.nl
in such works, but hopes that the little incidents and details which o
to making up an accomplished picee of work may afford reading matter
to those who are just beginning to turn their minds towards such a class
of construetion,




DISCUSSION,
Mr. Hannaford said he thought it was rather a costly bridge. He Mr.Hannaford.
b supposed it wasa single track bridge and the superstructure was steel,

g He would like to ask Mr. Smith what the dams rested on, and if the
masonry was done by contract ?
F Mr, Sproule said the kind of pier foundation deseribed in®Mr, M- Sproule.

Swith’s paper is very generally used in the Monongahela and Yonghio-
gheny Rivers. The pier foundations for a bridge built over the
Yonghiogheny River at McKeesport in 1882 were put down in this
way. The sand in the river-bed was dredged out until the rock
bottom was reached. This rock, which was slightly inclined near the
baoks, was levelled or made smooth by carefully depositing ordinary

macadam stone on it, and the pier foundations were made of square
Lemlock timber, The longitudinal timbers were laid elose together, and
i the transverse timbers were separated to admit enough stone (macadam)
ballast to bring the surface of the timber platform down nearly to the
water surface, All the timbers were well fastened together with
drift bolts.  When this timber base was built to such u height as to
leave it, when sunk into position, well below low water mark, it was
planked over and caulked, and a caisson was then built on it. Into
this caisson the masonry was laid until the caisson settled down nearly
to its foundation on the rock. The floating pier was then hauled
into exact position, and sunk by rapidly adwmitting the water through
cates preparved for the purpose. Those accustomed to the kind of

indations put down in this country will no doubt think this kind
of construetion peculiar. It scemed strange to build part of a pier of
common hemlock and lay massive masonry on this as a base, but many

bridges have been built in this way, and as yet have not become notori-
ous by failure. If we knew the durability of hemlock in fresh water
(of'a rather high temperature in summer) we could prediet the life of
these piers,
Mr. MacPherson said although the author of this paper very mr MacPherson.

modestly says that it may only interest beginners, it appears to me
that there is matter of interest in it for all having to do with that
class of work, especially as he has been gord enough to give his quan-
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titics and prices.  There are, however, one or two points in the |

which, though doubtless clear to the author, with his intimate k

ledge of the locality, are not equally clear to a stranger to the country,
With regard to timber in caissons which is given at cost of 811.00
per cubie yard—$33.95 per M,—this appears very high, more especially
axit was used in considerabl A|ll;lllli!il 8, It need not have been of
the highest grade, the sizes were not unusual, and but little skilled labour

was neeessary to put it in l"‘:w.-‘ It would be interesting to know

the kind of timber used, the current loeal prices and averas
costof labour such as was nee ssary for placing this timber
With regard to rip-rap, it does not appear very elear why any rip-

rap at all was neeessary when the piers were founded on rock, with

no material above it liable to secour even when the current was
which it appears was only during freshets, There was no trouble
from ice shoves, and llw“'!nirl\ \\'(‘l'\'l|lli|v' massive enouzh not to 1w1!l.ll’<'
rip-rap for extra stability. Why, therefore, was such a large sum spent
for this purpose ? The rate per yard, $2.50, seems also excessive
tor rough stones simply dumped about the piers, unless the material
had to be brought a great distance and priee of labour was very hizh,
Perhaps the author will kindly give us fuller information on tl
points.

1

With regard to extra pressure supposed to have been caused on the
back of exeavation for north abutment, on account of the debris of an
old landslide beinge not in equilibrium, if this mass were in wotion
the finished abutment could not have withstood it, and if it were not
in motion why was there any extra pressuve ?

Mr. Irwin said there are two or three points with regard to which
the speaker would like some further information from Mr, Smith

Firstly :—As to the nature of the clay and boulders overlying the rock.
The eentre section of the north abutment on Plate 10 shews the surfac
of the rock almost horizontal, and the general appearance of this scetion
gives one the idea that the material above the rock is boulder clay,
aradually worn away by the river till it rcached the solid rock
[f the rock be horizontal, or nearly so, the wass of ¢'ay overlying it,
and rising above it to a height of some 200 feet, would, if' once set in
motion, surely carry the north abutment with it quite easily ; however,
it does not scem neeessary to invoke the aid of the pressure of this
apparently enormous mass of clay to account for the erushing of the
12" x 12" timbers put in while excavating for the foundation of the
north abutment, since the speaker, not long ago, saw 9” x 15”
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timbers, with about similar, or rather eloser, spacing than that used in
tbout 12 feet high at the
fect more, almost broken by the

this case, ana hole

ling back a wet clay filling
face, with a surcharce of about 8

pressure of the |'i.|“».

Secondly :—As to the use of caissons cloged at the bottom with a
timber grillage—Does My, Smith know of similar foundations whic
have stood the test of any length of time ?

The speaker thinks that open caissons, sunk to the rock, cleancd o
and then filled with sufficient concrete tostand pumping out, arc mo

veliable since there is then no timbe r

below which might possibly rot
when in s

ich a solid mass that the running water would only hay

access to a small portion round the outside, while the eentral portion
inder the pressure of the masonry, might keep quite dry.

Thirdly :—As to the cost of the substructure compared with that of the
superstructure, the speaker notices that the substructure cost 857
023.00, while the superstructure was estimated at $33,000.00, and

would like to know if an alternative estimate was made for a structur

with one pier less; or if the apparently excessive cost of the substrue
ture above that of the superstructure is duc to the extra masonry in

the north abutment and to the iner

¢ in length of the piers due t
their beine on the skew with two on a sharp curve,

The speaker would also like to know if any estimate was wade fo
a design for longer end spans with pier abutment or for box abutments,

As to the C, P.R. abutment shewn on Plate 10, the speakerregrets

that the Chief Enginecr of the C. P. R. is not present to speak on that
subject himself, but can state that this abutment was not designed in
the Chief Engincer’s office.

} ¢

patier 18 nee

Of course in our Northern climate a frost
ssary ; but in the case of the abutment in question, the
frost batter is shewn as beginning where it usnally ends, viz,, at 5 fect

below the surface. This batter generally makes the upper part of the

masonry thicker than would otherwise be

necessary ; however, the
general dimensions of this abutment could not be eriticised without
further information as to the conditions under which it was huilt
the nature of the «

wings splayed.

and
n, whether for 2 box abutment or one with

After hearing Mr. Smith's explanation as to the nature and
formation of the clay overlying the rock, the speaker said that he had
been misled by the section of the north abutment, on which the rock was
not shewn sufficiently extended, and that he wished to thank Mr, Smith
for explaining the matter, and also for his information as to some old

bridge foundations built similarly to those of the Cheat River Bridge.

209
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Mr, Kerry Mr. J. G. G. Kerry said :—Mr. Smith in his paper has asked for a

discussion on the general dimensions of abutment and piers. The speaker

had occasion once to design a theory of earth pressure which might be
of some interest to the members, While filling in behind some wing
abutments, movements of the masonry were noticed of such a character
as to indicate that the overturning and resisting forces at work on the
abutment were almost exactly balanced. The theory was designed to
fic this fact, The filling was made by end dumping in the usual rail-

road manner the bank, and was run :

nst the masonry at nearly full
height ; the material used was a heavy wetclay full of fair sized stones,
[t was estimated that this weighed about 100 Ibs, per cub, ft., and that
the masonry weighed 125 Ibs, per cub. ft. Before commencing the
investigation, the well-known theories of' earth pressure were examined,
and Trautwine's method was adopted as beingadmittedlya straight cuess
developed by simple figuring, and therefore preferable to the various
highly finished mathematical discussions founded upon impossible and all
important assumptions, Trautwine’s method is that the pressure on any
retaining wall is equal to the weight of the triangle of earth having its
apex atthe inside toe ofthe wall, and for its base the distance from the
jnside of the wall to where an imaginary line through the apex bisecting
the angle between the perpendicular and the slope of repose of the ma-
terial cuts the grade multiplied by the horizontal distance between

the apex of the triangle and the point where the imaginary line

cuts the grade, and divided by the height of the tria , or
in the figure the pressure on the masonry = wt, triangle A B D
© c
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This formula applies to newly filled material, and the apex is
taken on the surface of the old ground, He assumes that this forece
acts on the abutment at an angle with its back of 90° (the angle of

friction between earth and masonry). This method was tried on the

designs of the built abutments, and showed them as having a large
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factor of safety., It was therefore rejected as unsatisfuctory ; and as it
was noticed that the ubutments all sank slightly under the pressure
instead of rising aguinst it (which movement would be necessary to
incline the line of action of the pressure away from the normal), it was
deterinined to assume that the pressure acted normally to the back of
the abutment, The designs were then tried by the changed method,
und it was found that in each case the factor of safety against over-
turning was very little over unity, and that the centre of pressure line
cut the base very close to the outer toe, and that the theory indicated
the least safety for those abutments which had shown the most marked
and suspicious movements, The theory then seemed to fit the facts,
and some further investigations were made by this theory as to the
effect of varying the outlines of masonry designs. The abutments on
which the observations were made were designed for a thickness of
four-tenths of the height plus the front batter (1 in 24) at the neatand
ground line as these coincided, and the foundation work was carried
down as a pedestal of uniform thickness, and about 1 ft. thicker than the
neat line measurement; after the suspicious movements continued for
a short while, the banks became settled, and all further movements
ceased, and the abutments since then have given very satisfuctory service,
By the further investigntions above mentioned, it was found that no
material chinge in .~l:¢!w'|li('\ could be «flected ]»_\ \‘;lr)'in_-_' the front batter
between the practical limits of 1 in 12 to 1 in 24, while keeping the
quantity of materialin the abutment constant, It was also found that
the most stable outline to resist carth pressure has a plumb back and
all its Latter on the side away from the filling. The speaker has only
seen one recognition of this principle. A pier abutment of about 40 ft,
beight above the ground was designed by the sume engineer who
designed the sbutments mentioned in this discussion, It had all its
batter on the span side, and was huilt of rough work up tothe coping,
as the material of the fill ran all arcund it. The coping and parapet
were arranged somewhat like a large armchair, and the structure was
locally known as the “ chief’s pulpit,” the arrangement being made clear
by the annexed sketch. Thisubutment gave satisfaction and did not
show the settlage and narrowing that the speaker has noticed in pier
abutments of the usual design, ¢.e., with all the batter on the back. It
was also found that the overturning couple acting upon an abutment
which has old ground behind it for a considerable height above the
neat line is but little less than that upon an abutment with new filling
for its full height, and that the presence of the old ground is vo justifi-
8
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cation for a small section. One of the abutments mentioned had the
old ground high behind it, but its actions under the filling indicated the
truth of this deduction, It is a common practice to carry down
foundation work below the neat line in a pedestal of uniform thick

ness, regardless of (to some extent) the depth of the foundation. If
care were taken to fill up the excavation solidly as the masonry rose,
this would be all right ; but the speaker has never seen this dore, the
usual practice being to trust that the excavation will fill itself, and
this practically leaves the masonry unsupported {rom the foundation up
to resist the overturning moment of the earth, Theoretically, the thick-
ness at foundation in this case, o as to be equally strong with the neat
work above, should be about 0.4 of the whole height plus the front
batter, or the empty spaces in the foundation hole should be solidly
filled. The abutments before mentioned were built upon pedestals in
the usual way, and after the pressure came upon them they moved
forward, the movement in the maximnm case being 1,0 foot, while the
copings had settled as much as 0.2 ft,, and were higher at the back
than the front. An observation on the batter combined with the
levels on the copings showed that the abutments had rotated upon their
front toes, indicating that the mass was weakest at the foundation
course, which is theoretically true, provided that the pedestal receives
no support from the old ground. A construction of pressure lines for
these designs on this assumption shows very heavy concentration, run-
ning as high as 10 tons per sq. ft. at the front toe, This pressure would
account for the settlage of the abutments, The movements, of course,
were stopped either by the banks becoming scttled, or by the foundation
masonry meeting some firm support from the old ground. The pres

sure also showed a heavy tension (nearly 5 tons per sq. ft.) on the
back of the abutments, The theory and the actual observation here
e that a retaining wall should either be

fully agree, and both indies
designed to bear the pressure of a mass of carth equal to it in height, or
that special care shoull be taken to secure the outside support depend-
ed upon. A movement of masonry abutments is perhaps more annoying
than serious, but the cost of rebuilding or zouging parapet walls is an
undeniable indication of some force unprovided for, which force might
sion cause serious disaster. The abutment which moved

on sowe 0¢
most under pressure showed no sign of stresson its face or in its joints,
It wasa wing abutment with a perfectly straight back, and its move-
ment was only discovered when taking a check measurement between
parapets before calling for bids for the girder work, It had been care-
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fully watched, but its form was such that the whole mass could turn
together about the front toe line, and did so, This constitutes a serious
objection against such a design, for the abutments with flared wings
could not turn in this way ; and when the pressure came on them, it was
immediately <hown in each case by a large and widening crack from top
to bottom, following the joints of the masonry, in the wing near the
angle. As heavy force must have been exerted to rupture the mortar
in the joints, and more force would be necessary to widen the erack,
owing to the friction of the overlapping parts of the two sections, it is
evident that this form has a security that the other has not. Finally,
two of these abutments were founded on shale rock and built up
under careful inspeetion, completed before their neighbouring abut-
ments, and these neighbouring abutments were laid out in height and
position from them, and yet on re-runninge the levels after the noticed
movements of the abutments, the neighbouring abutments, which were
of the T type, and showed no movements, were found to b: correctin
height, while the others had sanken from 0.1 to 0.2 feet. The abutments
must have been built correetly and then settled, but the speaker would

abutment
founded on solid rock eould scttle, or, in other words, what part of the

whole mass it was that compressed ander the heavy pressure,
Mr. Leonard said he would like to know about the amount of stonc

like to hear any susgestions as to how a solid masonry

Mr. Leonard.
that was used in this concrete. He thought if the cement were good
for anythiog, 1 of cement in 4 of sand would be quite ample, and any
more than that he considered would be a waste of money, or giving the
contractor a chance to make something.
In closing the diseussion, Mr. C. B. Smith said he had to thank the My, Swmith.

Society and the various members who had discussed the paper for the
kindly manner in which his paper had been received, In answer to
Mr. Hannaford’s, the President’s, remarks, he would say that he
thonght $11.00 per yard a modest sum for first class masonry that
included all cofferdams, dredging, ete.

And as to the cost per foot, which was about $131.00, he would
compure it with the St, Ann's C.P.R, bridge, 8135.00 per foot run with
shorter spans, which, of course, indicated less masonry, the piers, as
a fact, being from 30 to 45 feet extreme heizht, and most foundations
in shallow water, and also with Vaudreuil (C.P.R.) Bridge, $100.00
per foot run with piers only 25’ to 30’ high, and short spans, He
thought, considering the large abutments for a short bridge, having

deep foundations, in 13 feet of water, the comparison was not un-
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favourable to the Cheat River Bridge. The other points to which Mr.
Hannaford referred will be found in the body of paper.

He is glad to find Mr. Sproule has had experience with a similar
class of work, which is peculiar in its method to this region.

He would say that no provision was made for sinking the caissons,
but the masonry, interior rip-rap and leakage were depended on to
sink them, and indeed it was cven found necessary to pump a little to
keep them afloat long enough to finish the masonry. Structures of
this kind have been built in this region for a long time, and, as Mr.
Sproule says, have not been notorious by their failure,—in fact, con-
tinual practice is the best evidence of faith in the cndurance of timber
in flowing fresh water.

Answering Mr. MacPherson, he would say that the contract price
covered timber concrete and masonry at $11.00. It not being sup-
posed that the first two would form a very large per cent. of the total,
as a matter of fact, the timber was floated up in rafts from Pittsburg,
and put together by labour of about $1.50 per day, the probable
actual cost to the contractor being about $6.00 or $7.00 per cub.
yard. The timber used was spruce, which wus very carcfully in-
spected,

The qucstion of rip-rap is one which may perhaps be questioned. Of
course the jams of logs against the piers are severe, but doubtless not
enough to require the riprap; it is one of those points on which per-
haps prudence was over-cxercised.

Answering Mr, Irwinand Mr. MacPherson regarding the pressure on
the timbering, he can only say that as this pressure was greatest near
the surface, it was only fair to suppose that the surface of the hill up
to sub-grade, at least, was in motion, and in fact the motion was quite
perceptible, causing a fissure at grade along the hillside above the
abutment.

Mr. Irwin speaks of some of ‘the timber being kept dry by pressure.
The author cannot see why it should be so. 'The pressure per sq. inch
would not be enough to compress the fibres of the wood, and, if not,
then how would the water be excluded ?

The cost of superstructure, for greatest economy, should equal the
| cost of the substructure ; but this does not usually include both abut-
ments. The abutments are built largely to hold back embankments;
deducting 1,700 yards for north abutment leaves $38,300 for re-
mainder of bridge. The actual cost of the iron work, as since ascer-
tained, is $34,000, which makes a fair balance; but aside from this,
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the position of river and road, and the surplus wmaterial in rock
cutting adjacent, defined very closely the positions of the piers,
Estimates with one less pier were made, and showed a larger estimated
total cost ; doubtless, less piers would have been built if any trouble
had been expected in the pier foundations, but these were simple and
inexpensive, anid left very little field for uncertainty.  Mr, Kerry has
given us a very extended and careful theorctical discussion on sowe
points of abutment designing, in which similar conditions secmed to
prevail, His only erit

sism seems to be that of the pilaster designs
below the neat line ; but as the paper explained that the Cheat River
abutment was carcfully rammed all around with concrete and carth,
his remarks would not apply to it.  Doubtless, as a generality, he is
quite right, and either the batters ought to be continued to the foun-
dation proper, or else ample ramming resorted to, else any design will
be defeetive that has straight pilasters, The deduction which Mr.
Kerry makes, that solid ground behind the lower part of an abutment
i no aid to it, is evident, for any pressure below the centre of pressure
would be rather an aid than a hindrance in preventing overturning.

In answer to Mr. Leonard’s question, the conercte, being made of a
nataral cement, costing $1.10 per bbl., had to be made richer than a
Portland cement concrete, and was still cheaper, a mixture of 1
cement, 2 sand, 4 broken stone, is gencrally considercd a saf: and
cheap concrete made with natural cement.
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WiLLiam ALLEN RAMSEY was a native of New Brunswick. He
began his professional career as assistant to his father, the late Allen
Ramsey, C.E., on the European & North American Railway, in
New Brunswick in 1874, e was engaged in the location of the
Cauadian Pacific Railway from Aylmer to Mattawa on the Ottawa
River, In 1875 he was engaged on the survey of a railway line
across Newfoundland under Mr. A, L. Lizht. During 1876 and 1877
he was employed on railway surveys and construction on the Interna-
tional Railway between Sherbrpoke and Lake Megantie, on the North
Shore Railway from Maskinonge to St. Martin’s Junction, and on the
Canadian Central Railway from Pembroke to Calendar. In 1877 and
1878 he was chief engineer of location and construction from Algoma
to Sault Ste. Marie, Canadiun Pacific Railway, on the completion
of which work he visited Brazil to make an exploration for rail and
steamboat communication on the River Percira, Returning to Canada,
he was employed as chief engineer on revising the location of the main
line of the Canadian Pacific Railway between Carleton Place #nd Sud-
bury. He also had charge of locations on the South Eastern line
of the Temiscamingue Colonization Railway and of the construction of
the Atlantic & North West Railway from Renfrew to Eganville.
Mr. Ramsey was elected a member of this Society on the 6th October,
1887, He died at the age of 44, on the 21ist March, 1893, in
Montreal.,

Wirniam HeNey CHATTERTON SyiTa was born in St. John,
New Brunswick, May 27, 1860, and died in Ottawa, January 19,
1893. He was the eldest son of the late Vernon Smith, C.E., for
years attached to the Department of Railways and Canals of Canada,
and assisted him in many of his railway surveys in the Provinces of
New Brunswick and Nova Secotia. In 1877 he entered the Faculty of
Applied Science of McGill University, where duringa course of three
years he distinguished himself, especially in mathematics.  After
leaving coliege he was employed on the enginecring staff in the loca-
tion of the Toronto and Ottawa and the Northern and Pucific June-
tion railways.
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He joined the staff of the Geological Survey of Canada in January,
1884, and in the summer of 1885 assisted Dr. A. 3. Lawson in the
survey of the Lake of the Woods region. He continued as Dr,
Lawson's assistant till the latter’s resignation in June, 1890, and from
that time until his death he carried on surveys and geological investi-
gations in the district to the north-west of Lake Superior, in as-ocia-
tion with Mr. W, MeInnes.

At the annual meeting of the Geologieal Society of Amcrica, held
in Ottawa in December, 1892, he acted as seeretary of the local com-
mittee, and by his attention and courtesy made many fricnds among
the visiting geologists. His paper on the * Archaan Rocks to the
Northwest of Lake Superior,” read before the Society at that meeting,
was a most able résumé of the origin, age and struetural relations of
the various mewbers of the Archaan «xposed in that district, and
appears in the publications of the Geologieal Society.

In Part 1, Vol. 5, of the Annual Report of the Geological Survey
of Canada, published in 1893, is incorporated Mr, Smith's report on
the physical and geological features and economic resources of
Hunter’s Island and adjacent country, lying prineipally in the Rainy
River district of the Province of Ontario. The result and the
conclusions arrived at by Mr. Smith concerning the different m mbers
of the Archaean rocks of that distriet show plainly that he was a most
careful and painstaking observer,

He acted as secretary of the Logan Club for the year 1892, and took
an active part in all the discussions which took place at the meetings.
His death was deeply felt by the community in which he was so
actively engaged, and particularly by the members of the Geological
Survey of Canada, by whom he was universally esteemed. He was
elected an Associate Member of this Society on the 23 th June, 1887,

Jonx ALper Smart graduated from the Royal Military College in
1889  During the winter and spring of 1890 he was enguged on a
Canadian Pucific Railway survey under the late Mr. Rumsey, In the
autumn of 1890 he accepted the position of assistant under Mr. W,
M. Davis, City Engineer of Woodstock, Ont., and remained in that
position until the summer of 1891, when contracting a severe cold he
had to give up work. In the autumn of 1891 he went to Denver,
Colorado, in the hope of improving his health. He gradually failed
however, and on the Tth November, 1892, died in Chicago on his way
home to Hamilton. He was elected a Student of the Society on the
20th November, 1890,
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CuarLes P, MoKenzie was born in 1864, Previous to his con-
nection with this Society he wus junior assistant in some mining and
civil engineering work in the Southern States. He took a short partial
course in civil engincering in MeGill University in 1886-1887, and in
1887 became a student-member of this Society. In 1888 he acted as
assistant engineer in charge of construction of the Pueblo Smelting
Company’s works in Pueblo, Col. In 1889 he was engaged on pre-
liminary surveys for the Union Pacific Railwey in North Carolina,
and was assistant engineer on the construction of the Oregon Railway
& Navigation Company’s branch line from Rockford to Spokine, in
the State of Washington. In 1890 he was division engineer in charge
of construction for the Seattle, Lake Shore & Eastern Ruilroad Com-
pany, in Western Washington. During 1891, and up to the time of
his death, in January, 1892, he was city engineer in Snohomish and
deputy mineral surveyor for the State of Washington.
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