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Thursday, 14th October.
W. J. Spboule, Ma.B., Member of Council, in the Chair.

Paper No. 122.
FORTIFICATIONS.

By C. R. F. Coutlée, A.M.Can.Soo.C.E.

“Soldiers in peace are like chimney's in summer." However 
desirable permanent peace may be, its time has not yet come. 
Constant watchfulness and preparation, not slothful neglect, will 
eventually bring cosmopolitan harmony.

Standing armies and fortifications are the price of national 
liberty. We can obtain the first from Britain, our work as a 
colony is to delay invasion or rebellion, and this is best secured by 
fortification of storage centres.

The Canadian volunteer corps, especially those of our cities, are 
phenomenal in their unselfish devotion. Engineers, from constant 
contact with emergencies, are exceptionally fitted for officer.-. 
During the Crimea “persons of scientific attainments, desirous of 
serving at Sebastopol,1 were advertised for, and many civil engi­
neers responded with great honour to their profession too, for these 
“persons” became noted in our army annals.

Modern war is not made against individuals. Soldiers of all 
nationalities are considered individually equal ; superiority de­
pends on pertonnelle and materiel, the former referring to better 
feeding, drill, and the mental superiority of better cause, and tho 
latter to weapons, forts and money.

The immediate effect of war may be appreciated by supposing 
this city, the commercial centre, to be held by an enemy; the 
mayor would immediately be called upon to raise a tribute of more 
millions of dollars than the city will borrow in many years—a 
sum sufficient to build such a ring of forts about us as would pre­
vent an incursion (our volunteers manoeuvring between the forts), 
till the St. Lawrence bore us aid from Britain. To locate and 
build these permanent forts in time of peace, to erect redoubts in 
the intervals, after a declaration of war, and to entrench on the 
eve of battle, is the work of the military engineer.

N
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Primarily, fortification, hasty or permanent, protects the smaller 
from the greater force, the object being to delay an invader in 
reaching the objective of his campaign.

Cartier found an Indian village, not far from here, protected by 
a palisade; similar stockaded, savage villages are stormed by our 
soldiers at the present day. A continuous wall was the first style 
of fortification to protect partially civilized men from the more 
warlike and fierce, whose only wish was to plunder and destroy. 
Examples of this are the Chinese wall against the Tartars, Agri­
cola's walls against the Piets and Scots, and the Montreal wall. 
Prison walls, with a few wardens, keep many times the number of 
convicts within the cordon.

A battering ram was the first engine used by assaulters to breach 
ancient walls, but, to prevent this, a ditch was dug outside the wall, 
thus holding the assaulter at arm’s length, say 20 feet. The 
modem “ arm’s length " is about 2 miles. The attackingartillery- 
man then consulted with his engineer, and this worthy built a 
covered sap across the ditch, undermined the wall, using timber­
ing, which, at the proper time, was set on fire, and the wall came 
down. The defenders met these tactics by pouring hot water and 
molten lead on the devoted heads of the attackers. Corbelled out 
battlements, from which to fire arrows down the face of the escarp 
wall, and projecting towers, loop-holed to flank or fire along the 
face, then appeared and developed gradually into Vauban's bas­
tion trace of the end of the last century, the highest refinement 
of “ tower flanking."

Artillery at first consisted in throwing large stones from cata­
pults and an occasional live captive over the wall. Powder was 
invented, and at Berwick, in 140B, a castle tower was shattered by 
a round shot, and the alarmed garrison capitulated. Enormous 
guns were cast in situ before Constantinople in 1453. In Scotland, 
the inventive genius and quick wit of the nation verted itself in 
the building upofMonso Meg atEdinburgh. Needleesto remark, 
the Scot’s plan of building up ordnance finally carried the day in 
artillery, as in many other matters.

With the great velocity and range of powder-propelled projec­
tiles, came the necessity of placing the walls below ground to form 
walled ditches as obstacles to climbing a bank of earth or rampart, 
which bettor resisted breaching by the guns. The slopes of these 
earthen parapets and their thickness on top prevented the de-
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fender behind them from seeing into the ditch in front of him, so 
the trace or plan of the work was designed with jutting-out por­
tions or bastions from which to see and fire along the ditch. The 
distance apart of the bastions depended partly on the range of the 
weapons that fired from them. These bastions became the focus 
of concentrated artillery fire, to rain their power of flanking the 
ditch when the time for assault arrived. Accurate rifled guns and 
long range rifles (2,000 yards) have rendered cramped bastions 
untenable, so long straight parapets are now built and flank de­
fence provided from carefully and elaborately designed caponiers, 
or vaulted chambers set at right angles to the face, and extending 
across the ditch. This system is known as the Polygonal Trace, 
each face of the enceinte corresponding to a side of the polygon 
enclosing the city. This polygon is again surrounded by a belt 
of forts.

Though field fortification is but the work of a few hours, yet 
it will serve to illustrate the principles which are obtained in 
elaborated, permanent works.

The requirements of defensive works are :—
(1) Exposure of the enemy.
(2) Cover from the enemy.
(3) Obstacles to the enemy’s approach.
(4) Ease of sortie for the defenders.
(5) Above all, the works must suit the configuration of the 

ground, and the force and time available.
If any cover for the enemy exists in front of the defensive 

lines, such as woods, hedges, fences, houses, ditches, etc., it is 
removed to ensure his exposure to a withering fire as he advances ; 
especially over the zone for 600 yards immediately in front. 
There nowadays the decisive struggle takes place. So quick and 
deadly is the modern rifle-fire that the attack must scatter and 
retire, or the defenders leave their works, when within 300 yards 
of each other ; the bayonet conflict and shock of charge is generally 
a thing of the past, in daylight at least.

The coarse of a modern battle is a great artillery combat in 
the morning, and a general infantry advance daring the afternoon 
or under cover of darkness. Daring the artillery duel, movements 
towards the flanks are made to roll up the line from one end. 
During the American war, both forces entrenched on opposite sides 
ofaravino, at times, and, while containing their respective fronts,
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endeavoured to out-flank each other. Boards painted to repre­
sent men were used as a “ bogus force ” along the front, so real 
troops might be sent to a flank.

i-.ll. ■*=
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Guns are massed in batteries of twenty or thirty, and prepare 
the infantry advance by silencing the opposing guns and then 
destroying earth-works and generally unnerving the occupants, 
while their noise and success cheers on the attack.

The simplest cover for men is obtained by digging the service 
“ half-hour shelter-trench,” which can be enlarged if time permits.

Breast-works against field artillery must be from 6 to 8 feet 
thick. Direct artillery fire damages parapets by cutting down 
the crest, or interior edge, by partial breaching and plowing up 
of the slopes.

Obstacles are used to impede the approach of the attacker and 
retain him under the most deadly fire. These consist of any­
thing difficult to walk over, either natural, as a swamp, or artificial, 
as a wire entanglement, or an abatis. The latter is readily 
applicable to our country with its wealth of bush land and 
skilled axemen. An abatis consists of trees laid horizontally, tops 
towards the attack, and the branches sharply pointed ; for protec­
tion from artillery fire, a small excavation is made, and a glacis 
formed in front.

A wire entanglement consists of stakes driven chequerwise at 
5 foot intervals, and wire strung from picket to picket about 18 
inches above the ground ; the quantities of barbed wire in the 
country favour the making of this very efficient obstacle. Pointed 
stakes, pits and chevaux de frite are also commonly used. 
Pointed stakes driven below water have been discovered in the 
Thames, placed there 1800 years ago by Caesar to prevent the 
Britons fording the river.

Through all obstacles, passages about 160 yards in width 
should be left to enable sorties, or counter-attacks, to be rapidly 
made at a critical moment, when the attack may seem to waver. 
Inundations may be most ingeniously made, and flanks protected
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thereby. All obstacles should be hidden from distant view, to be 
as much as possible protected and unexpected.

An army entrenching on one side of a valley has, say, four 
hours to work ; the commander designates to his engineer staff 
officer the points he wishes to have strengthened, thus generally 
defining the position. Sappers, under engineer officers, lay off 
the several works by stakes and ribbons of white tape, erecting 
frame profiles, when necessary, on these lines of tape ; the work­
ing parties are marched and set to work ; tools are carried by 
each battalion, and others are furnished by the engineer companies.

Jutting-out points are strongly fortified and protected by 
abatis. From these points the firing can be directed along the 
front to take the attacking lines in flank. Between these salient 
points, the trench work is of slight cross section, and not neces­
sarily continuous ; this curtain line, say 1,000 yards long, furnishes 
the frontal fire. To the front the land is cleared, and obstacles 
arranged. One flank is, perhaps, protected by a large march, the 
other strongly entrenched. Guns are massed in batteries on high 
ground, commanding the likely sites for the opposing artillery.

If the line is extended, and the force holding it, large farmsteads 
and villages are prepared for defence as strong points ; those 
were always the scenes of the most desperate struggles during 
the Franco-Prussian war, the French being stubborn locality 
fighters.

Field positions, of course, must be so placed as to oblige their 
attack, and not merely their being masked by a small force.

If a position grows in importance, slight field works may be 
increased, in from fourteen days to three months, to formidable pro­
portions, e. g., Plevna, during the Ilusso-Tui'kish war. Such works 
are known as semi-permanent or provisional fortification. The 
parapets are thickened, and ditches simultaneouly enlarged. 
Covered trenches, or blindages, are constructed of wooden frames, 
covered with logs and earth to a thickness of from 2 to 4 feet ; in 
these bomb proof sunken sheds, the garrison eat, sleep and live 
during bombardment ; ready to mai. the parapet very quickly in 
case of an assault. Concrete and iron are sometimes used in 
constructing this class of work. Examples of this are seen at 
Washington.

For prolonged resistance, a second and a third line of defence 
are arranged, and also an interior stronghold, or keep, for stub­
born defence to the lost.
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The modern idea of permanent fortification ia a polygonal 
enceinte, surrounded by a ring of detached forte, about two mile* 
beyond it. Antwerp ia the beat example of modern permanent 
works.

Belgians determined to put all their eggs in one basket, and, if 
attacked, to make a prolonged defence till combinations of other 
European powers raised the seige.

Instead of a line of frontier forts, using up all the national 
army for garrisons, resistance is concentrated at Antwerp, the 
commercial capital. The army gradually retires within the ring 
of forts, and forms an entrenched camp capable of supporting 100,- 
000 men. The perimeter of the ring is about 20 miles, in addition 
to which inundations extend the investment lino indefinitely. 
From one to two miles from the cordon of forts, the besiegers' lines 
of Investment would have to be made and maintained in the face 
of 100,000 men supported by the guns of the forts Each fort has 
a garrison of 1,000 men and about 120 guns. Three forts must be 
attacked at once by regular siege, as each fort mutually supports 
one side of the next. Heavy bombardment would bo resorted to 
and every chance taken to surprise. Forcing the line of forts, 
however, is only the preliminary to a long and tedious siege of the 
enceinte, and that broken into, the northern citadel still remains 
for vigourous resistance by patriots at bay.

A general plan of one of these detached forts is shown. The 
front is tangent to the arc of defence, while the flanks protect 
adjacent forts and the ground between. The gorge, or rear, is, if 
possible, constructed so as not to afford much cover from the guns 
of the fortress, in case the fort is taken.

The keep is generally in the centre of the gorge, and furnishes 
flanking fire; an interior glacis protects the escarpments of the 
keep, and lays the whole inside open to a scorching fire, if the 
enemy succeeds in penetrating. Every possibility of surprise 
must be guarded against. Ample bomb-proof cover for protection 
of the garrison of, say, one thousand men, is provided, and for a 
thousand more of the manoeuvring army within the ring. To 
serve these purposes, arched masonry chambers are placed secure­
ly under the front rampart, and the keep is a catacomb of heavy 
concrete masonry chambers well covered with earth; from its 
top, armoured guns are used.

The quantities of earth to be moved and the amount of masonry
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required for such forts would be most attractive to contractors. 
The professional interest in the problems of descriptive geometry 
involved, and the design of retaining walls, and other masonry, will 
be readily appreciated ; especially as the number of forts required 
—about one per mile—enforces economy of design.

The most interesting detail of the enceinte of the fortress proper 
is the flank defence by caponiers, which must be guarded from 
the ever-increasing accuracy of long range artillery fire.

The figure shows a half plan and a section of a face of a poly­
gonal system.

'Uit'V iwi
«VilrAfcjil-

The triangular ravelin serves as a salient point to keep the 
enemy at arm’s length—300 yards—from the main face, and, be­
sides, flanks the ft-ont.from the reverse battery. Next is a couvre 
face, which protects the head of the caponier from breaching by 
distant artillery fire.

The caponier itself consists of a pointed head and two flanks 
firing along the main ditch. These flanks are a succession of
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vaulted gun chambers, about 15 feet wide, and covered by Î5 feet 
of earth to render them bomb-proof. The enceinte is broken 
inwards at the rear of the caponier, and retreat secured to the 
last moment into the defensible barrack, which forms a sort of keep 
for the whole face.

A short sketch of the siege of Belfort during the Franco-Prus- 
sian war will serve to illustrate about what may be expected in 
modern operations of the kind. The able commandant, Col. 
Deufert-Rochereau, considered the fortress as a great battery 
round which his garrison of sixteen thousand men were to man­
œuvre. Three months elapsed before the Germans, coming from 
Strasbourg, began investment, and, in that time, the commandant 
built, with the aid of peasants, the semi-permanent forts at Les 
Perches, etc., besides which out-lying villages and woods were 
prepared for defence, in all cases tending to keep the Germans as 
far off ns possible.

The Germans came in touch of the place early in November with 
about 10,000 men, who, after two days’ sharp fighting, invested 
the place, on, however, a perimeter of 25 miles, giving only 400 
men per mile, but the French thought the force to be double this. 
About the beginning of December, the German force was raised 
to 20,000 men, and, to make a bold front, bombardment was begun 
with only field guns. By the first week in January heavier guns 
were brought up, and, alter several surprises, the French picquots 
were forced into the detached forts of Les Perches, upon which a 
regular attack was made. The garrison had a scant supply of 
ammunition for their guns, though the energetic commandant or­
ganized a shell foundry. An attempt to raise the siege by French 
troops was unsuccessful. Though the Germans were hard pressed 
on the 15th, 16th and 17th of January, a demonstration from the 
bombarding batteries deceived the garrison as to the actual posi­
tion of affairs in the German lines.

After this, the siege was prosecuted with great vigour, and the 
trenches of regular attack opened.

An attack on one of the forts, made January 25th, failed, owing 
to a rocky sided ten-foot ditch. The fire from the fortress itself 
was now nearly subdued, and another assault was made on Les 
Perches redoubts only to find them deserted, save for a few men 
cooking breakfast in a bomb-proof.

Arrangements were then begun for an attack on the enceinte
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itself, but, by orders from Paris, the place surrendered on 13th 
February, after over 100 days’ resistance, and only two of the 
outer ring of forts taken. The garrison lost one-fourth of its 
numbers. About 100,000 rounds were fired by the Prussian ar­
tillery.

Belfort was not ready, owing probably to political procrastin­
ation, but an energetic commandant built detached forts, and forti­
fied villages and woods about it in three months’ time. Worst of 
all, ammunition for the guns was not on hand. The disadvantage 
of an invested garrison, in not knowing what is taking place out­
side, is exemplified by the over-estimation of the German force 
from the first, and especially on the 15lh, 16th and 17 th of January.

The detail of earth works executed in connection with a siege 
will not bo entered into here, suffice it to say that trench work 
is done under cover of darkness, the men being marched into 
their tasks, which are laid out by pickets, joined by white tape, 
placed by sappers under engineer officers, A sap is a trench 
where one man digs forward, throwing the excavation in front of 
him to cover himself as he advances ; others follow, widening and 
deepening.

Military mining is most interesting, and, owing to the almost 
utter impossibility of advancing against the modern rifle and 
machine gun, it is likely to find more extended use in the future.

Field mining consists of sinking a shaft, say 2x4 feet, and 10 
feet deep, and running a drift gallery, 2x4 feet, toward the foe. 
To meet this, the garrison use counter mine galleries, spreading 
face like to the front ; listeners are placed in the extremities 
of the tunnels, and, when the vibration of the earth indicates the 
close approach of an adversary, explosives are packed in the cham­
ber and fired.

Coast defenses, consisting of screened batteries of large calibre 
modern guns, are the most perfect and scientific branch of pro­
tected artillery. Hundreds of heavy guns in a score of unseen 
batteries, guarding a harbour, can, by electric connection, be simul­
taneously trained on a moving ship from cowing towers. Their 
fire thus, *n bloc, would probably blow a boat to pieces. Beneath 
the surface, too, automatic and electric mines are placed. Range 
fenders for this class of work have become very perfect, especially 
in their automatic signalling features.

The most interesting application of fortification is, of course, to 
the defence of Canada.



206 Fortifications.

We cannot justify expenditures, with such very remote chances 
of invasion, to build and equip forts on the scale of the concen­
trated defence of Antwerp or the frontiers of France, but schemes 
of defence required to be worked out in detail and kept up with 
modern advances in artillery. These plans should have the skele­
ton points marked permanently on the ground, and no better 
monument can be erected than a Moncrief fort.

These forts are circular pits, lined with 3 feet in thickness of 
concrete, in which a gun, say 6 inch, is so mounted as to sink out 
of sight by the force of recoil. The energy is stored to raise it 
again into the tiring position ; sighting is done by indirect 
methods.

This is the cheapest protection for artillery that can be built, 
and a ring of them to the south of Montreal could, by earth works 
in the intervals, bo made a strong line of defence.

Groves of trees could be planted so ns to screen the forts and 
furnish material for hasty, defensive works. Good roads and tram­
ways within the circle would ensure interior communication and 
supply. Within this circle, too, the annual camps could be held, 
and each year familiarise the local troop with the work of de­
fence.

Some of the work of a military engineer in such a locality would 
be the designing of drainage works, water supply, sanitation and 
communications, besides electrical and compressed air instalments 
—work of such interest and importance as to enlist the best ser­
vices of our leading members as a Canadian Volunteer Corps of 
Defence.

Thursday, 28th October.

G. H. Duggan, Vice-President, in the Chair.

Prof. J. A. L. Waddell, Ma.E., M.Am.Soc.C.E., delivered an 
illustrated lecture on Cantilever Bridges and Piers.



Thursday, 11th November.

G. H. Dooqan, Vice-President, in the Chair.

Paper No. 193.

RESULTS OF EXPERIMENTS ON THE STRENGTH OF 
WHITE PINE, RED PINE, HEMLOCK AND SPRUCE.

By Prof. H. T. Bovet, LL.D., D.C.L.

In a paper read before the Canadian Society of Civil Engineers in 
1895, the results were given of a number of experiments on the 
transverse strength of timber beams ; but in the calculations it was 
assumed that the distortion, or diminution of depth, at the bearing 
surface was sufficiently small to be disregarded. It often happens, 
however, and especially when the timber contains a large amount of 
moisture, that the change in depth duo to compression is excessive, pro­
ducing a corresponding increase in the skin-stress.

This increase is theoretically 2 ^ A d,f being the intensity of the

skin-stress, <f the depth, and A d the change in depth.
The method of conducting these experiments was fully described in 

the Paper referred to, and therefore the following points only are 
noted :—

All the transverse tests were made with the Wickstced machine. 
The middle of the beam was supported on a hardwood bearing of 44 
ins. diameter. The two ends were forced down by rams under 
hydraulic pressure, which can bo gradually increased at any required 
rate or can be maintained constant for any given time.

The end-pressures were kept normal to the^surface of the beam by 
means of spherical joints which allow the end bearings to revolve.

The elasticity coefficients have been calculatedjrom the following 
formulae :

(a) Coefficients from direct tensile and compressive experiments ;

„ LAW 
E~ A\L

L being the length of the specimen, A its sectional area and A W 
the increment of force producing a change A L in the length.
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(6) Coefficients from transverse experiments ;

L* A1F
bd'AD

L being the length, b the breadth, d the depth and A W the increment 
of force producing an increment AS in the deflection.

An error Ad in the depth theoretically corresponds to an error in
E, which is approximately measured by 31L & d.

In previous experiments, the wire used in observing the deflec­
tions was found to be somewhat coarse, and a special wire was there­
fore drawn of .002-inch diameter.

The skin-stresses have been calculated by means of the ordinary 
flexure formula,

/-wfc****)
Wt being the total load on the beam, W2 the weight of the beam, and 
y the distance of the skin from the neutral surface.

The flexure theory is admittedly unsatisfactory, and frequently gives 
results which are contrary to experience. Possibly, when a certain 
limit has been passed there is a tendency towards equalisation of stress, 
and the so-called neutral surface may be moved towards that portion of 
the beam which is best able to be»r the stress. It may indeed be 
more correct to assume that the distances of this surface from the 
tension and compression faces are in the ratio of the ultimate tensile 
and compressive strengths of the beam. This assumption, at all events, 
seems to give results which are more in accordance with practice. 
For example, in the case of a cast-iron Tee bar, tested in the Univer­
sity Laboratory, the tensile skin-stress should be 22,030 lbs. per sq. in., 
and the compressive skin-stress 102,050 lbs. per sq. in., whereas the 
ordinary theory gave 33,000 lbs. per sq. in. as the tensile and 20,800 
lbs. per sq. in. as the compressive skin-stress.

The tables on the following pages give the breaking weights, skin- 
stresses, (transverse) coefficients of elasticity and specific weights of a 
number of air-dried, saturated, froxen and kiln-dried beams, and also 
the breaking weights, tensile and compressive strengths per square 
inch, (direct) coefficients of elasticity and specific weights of specimens 
prepared from these beams.

\



TABLE 1.

White Pine from ordinary stock.

No. of 
Beam. Dimensions in inches.

Breaking 
weight 
in Ids.

Skin-stress (/) in lbs. 
Per sq. in.

Coefficient of 
elasticity in Ibt

Sjurt. in
cub. /u at 

date of 
test.

Per ct. of weigh w lost when 
dried at 212« F. at

Character of failure.

15
16

i
186
186

6
6.225
6.32

d
15.2
15.25

23,850
22,690
39,000

Max.
5021
4774

Min.
4777
4480

Mean.
4889
4627

E
1,296,950
1,359,050
1,078,230

36.43
38.64

Centre. Left end. R’t. end.
Cripjded.

28 138 9.1 15.21 4403 4018 4210 27.121 17.29 12.89 13.21 Longitudinal slrxr.
32

46 1
186
186

6.025
5.725

12.25
5.9

16,000
6,200

5531
8967

5153
7312

5342
8389

1,368,500
1,626,220

27.983
23.794

28.262 27.014 27.274 Crippled.
Crippled.

TABLE II.

White Pine dried at 212° F.

36 150 5.95 h 925 10,000 2201 2164 2182 1,245,780 22.007
38 75 2.965 5 925 5,000 5911 5569 5740 1,272,440 22.105
42 150 5.7 5 9 8,000 9538 9247 9392 1,282,770 20 674
43 150 6.05 h 725 23,000 9992 7091 8542 1,171,240 22.648

Tensile.
Crippled.
Tensile.
Tensile.

o
to

W
hite Pine, Red Pine, H

em
lock and Spruce.
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REMARKS ON TABLE I.

Beams 15 and 16 were sawn out of trees felled at Keewatin in 
1894, and were received into the Laboratory on the 13 th of December, 
their weights being 415.75 lbs. and 457.78 lbs., respectively. They 
were both tested on the 2nd of February, 1896, when it was found 
that beam 15 had lost 36.69 lbs. or 8.8 p.c. of its weight, and that 
beam 16 had lost 46.69 lbs. or 10.2 p.c. of its weight. When the beams 
were sawn through after the test they were still found to be completely 
saturated with water excepting for a depth of 1 inch from the surface. 
The beams were from the central portions of the trees, the heart run­
ning from end to end.

Beams 28 to 43 were sawn from trees felled in the winter 1893-94 in 
Quinxe Lake Co., P.Q. They remained in water one year, and were 
received into the Laboratory on October the 4th, 1895. They were 
all first quality timber, and, generally speaking, straight in grain and 
free from knots and shakes. i

In order to determine the excess of moisture in the timber, three 
slabs, one near the middle and one at each end, were sawn out of the 
beams immediately after they hod been tested and were at once placed in 
a chamber kept at a temperature of 212° F. by means of steam-pipes. 
The moisture was also removed from the whole beams by drying them 
in the same chamber.

Beam 36 failed suddenly under a very small load, the fracture com­
mencing at a knot in the tension surface. On examination it was 
also found that the grain on the face was oblique to the neutral surface, 
while there were shakes running from end to end in the neighbourhood 
of the heart which, on the average, was below the middle of the depth 
of the beam. The results of this test should be discarded, as the beam 
was not of fair average quality.

Beam 38 was cut out of beam 36 in such manner that the grain was 
straight.

Beam 43 failed under a breaking load of 23,000 lbs., but a some­
what long continued and slowly increasing deflection under a load of 
22,000 lbs. seemed to indicate that at this point the beam failed in 
compression, although there were no apparent signs of crippling.



AIR DRIED SPECIMENS FROM WHITE PINE BEAM 15.

Spec.

Tension Tests. Compression Tests. Shearing Tests.

Coefficients of elasticity in lbs.
strength

Sp. wt. 
in lbs. 

per
cub. ft.

Spee.

Coefficients of elasticity in lbs. 
per sq. in.

Compres-

strength 
in lbs. per

InltT
car,,

Spec.

Shearing
strength

sq. in. of 
flats.

Sp. wt. 
in lbs.
cur,,

Spec.

Shearing 
strength 

in lbs. per

Forward. Retan,. Forward. Return.

«1

6* 
b,

d

1,749,520 
1,659,770 
1,932,560 
1,934,680 1 
1,940,370 i 
2,062,680 
1,823,860

1,762,500

1,956,220 | 
1,951.120 I

10,490
11,444
15,640
13,248
12,686
14,403

e,
«5
/-

U 1.572,850 » 
1,571,600 /

1,572,090 | 
1,565,300 (

2916
3393
3754
3604

29.358
27.918
33.103
29.025

9x
9t

Î1
V
i
i

i

395.64
447.26 
355.21 
419.19 
327.81 
382.38 
362.75 
345.24
361.26 
338.11

28.529
27.752
26.032
28.409
27.561
27.473
26.655
26.122
27.541
27.226

m,
*b

P

516.6 
505.2
501.7
598.7
477.7 
486

1,731,300 1,746,330 3918 28 033

W
hite Pine, Red Pine, H

em
lock and Spiuce.
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REMARKS ON BEAM 16.

The values of E for specimens a,. 6,, c and d have been calculated 
from the first scries of readings only, and arc consequently smaller 
than if repeated readings had been taken.

The mean direct tensile strength is 2.68 times greater than the cal­
culated mean skin stress of the beam and 3.7 times greater than the 
mean compressive strength of the timber.

Specimens e, and e, contain the heart and show the least compressive 
strength. The ratios of length to least transverse dimensions in the 
compression specimens varied from 6.47 to 9.46, and the failure in each 
case was due to direct crushing.

The shearing strength of the round specimens is 1.42 times greater 
than that of the flat specimens.

The several specimens had lost considerably in weight during the 
interval of their preparation from the beam and the date of test.

Tension specimen l, after the first series of readings, was entirely 
relieved of load and was allowed to rest for two hours.

Between the two scries of readings, compression specimen f2 remained 
unde- the load of 60,000 lbs. for sixteen hours, the final reading vary­
ing from .01117 to .01172.

REMARKS ON BEAM 16.

The values of E ibr specimens o, c, d and / have been calculated 
from the first scries of readings only, and arc consequently smaller 
than if repeated readings had been taken.

The nr an direct tensile strength is 2.21 limes greater than the 
calculated mean skin-stress of the beam and 27 times greater than the 
mean compressive strength of tho timber.

Specimens ti, fa, is, contain the heart, and the heart also passes along 
one side of specimens y,, y3, g3 These specimens show tho least 
strength. The ratio of length to least transverse dimensions was 37.1 
for yi, 26.73 for y2, 31.157 forys, 24.56 for h, 27.03 for » and 28.88 
for io.

The mean shearing strength of the round specimens is 1.76 times 
greater than that of the flat specimens.

The several specimens hud lost considerably in weight in the interval 
between their preparation from the beam and the date of test.

Tension specimen h was entirely relieved of load after tho first 
series of readings, and was allowed to test for 16 hours.
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Tension Tests.

Coefficients of elasticity in lhe.

1,626,330
1,843,820 I
1,843,170 i
1,445,000
1,635.720
2,245,130
1,652,480

1,863,540 | 
1,858,240 !

.2,295,170

Compression Tests. Shearing Tests.

Tensile 
strength 

in lbs. per

Sp. wt. 
in lbs. 

per
cub. ft.

Spec.

Coefficients of elasticity in lbs. Compres-

strength
Sp. wt. 
in lbs.

euSuft.
Spec.

Shearing 
strength 

in lbs. per 
sq. in. of 

flats.

Sp. wt. 
in lbs.
eX'fV.

Spec.

Shearing 
strength 
in lbs. per 
sq. in.^of

Forward. Return.

9,777 1,935 550 1,942,950 3978 321.90 26.552 552 95
10,021 Vi 1,694,000 1,690,'900 2880 32.75 *» 405.40 25.941 r 636.74

3958 34 157 l 321.35 25.952 689.113
5,772 Jh

1,465,090 1,449,670 4737 26.461 294.81 26.534 557.18
12,108 1,574,990 1,569,160 2963 28.668 n 375.56 26.807
11,902 1,560,010 1,635,620 3331 27.102 0 331.21 26.072
10,884 2924 34.157 V 342.80 26.584

y 313.82 25.929
410.45 27.454
334.68 26.540

t 352.98 27.513

to
w

W
hite Pine, Red Pine

t H
em

lock and Sprua



AIR DRIED SPECIMENS FROM WHITE PINE BEAM 28.

L/

Tension Tests. Compression Tests. Shearing Tests.

Coefficients of elasticity. Coefficients of elasticity. Compres- Sp. wt. Shearing Sp. wt.
Spec. Tensile Sp. wt. Spec. in lbs. 

per „ strength 
in lbs. per•trength

cub. ft.Forward. Return. per »q. in Forward. Retom.
in lbs. per cub. ft.

flats. cub! ft.

i 1,379,800 1,379,510 6,689 24.296 9 1,274,300 1,271,500 3675 24.591 «I 336.97 25.16
2 1,313.530 1,319,840 6,377 23.51 10 1,293,370 1,298,800 3451 25.096 b, 374.28 25 887
3 1,157,130 1,162,950 6.381 22.612 11 1,590,700 1,591,210 3187 26.129 d, 322.11 23.473
4 1,914,310 1,933,220 12,803 12 1,336,050 1,325,630 4283 24.004 «1 343.14 25.448

1,290,760 1,298,990 8,704 22.395 /, 379.89 25.337
6 1,584,760 1,592,740 10,101 24.238
7 1,368,840 1,381,870 8,402 23.063
8 1,079,410 1,099,810 5,009 22.656

SPECIMENS KILN DRIED AT 212° F. FROM WHITE PINE BEAM 28.

13 2,073,150 2,072,160 13,632 1,331,010 I 1,341,750 \ 6518 «1 252.00 24.593
14 1,599,550 1,606,100 7,577 22.342 1,437,910 ( 1,436,950 / b7 215.22 24.661
15 1,498,830 1,502,830 6,250 22.652 21 1,730,420 1,734.100 8119 24.68 263.18
16 1,390,880 1,394,000 6,966 23.261 22 1,255,400 1,252,420 5654 22.057 d, 243.18 22 491
17 1,556,790 1,547,460 10,050 22.281 23 1,563.120 1,566,180 6108 22.167 234.27 24.047
18 1,385,880 1,385.880 9.385 ft 221.78 24.616
19 1,711,630 1,703,180 7,560

Result* of Experim
ents on the Strength of
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REMARKS ON BEAM 28.

The mean direct tensile strength of the air dried specimens was 1,9 
times greater than the calculated mean skin-stress of «he beam and 
2.19 times greater than the mean compressive strength.

By the kiln-drying, the mean co-efficients of elasticity were increased 
and the mean compressive strength was also increased more than 79 
per cent. The mean shearing strength was reduced more than 32 per 
cent., and there was a slight diminulion in the mean tensile strength.

The ratios of the lengths of the compression specimens to the least 
transverse dimension varied between 6.49 and 7.43, and the failure was 
in every case due to direct crushing.

The difference between the specifio weights of the air and kiln-dried 
specimens was not great. The specific weight of the beam was 3 or 4 
lbs. per cubic foot greater than that cf the specimens.

Compression specimen 20, after the first series of readings, was left 
under 5000 lbs. for 42 lionn, the final reading varying from .00137 
to .00084.

REMARKS ON BEAM 32.

The mean direct tensile strength of the air-dried specimens was 2.99 
times the mean compressive strength and 1.9 times the calculated mean 
skin-stress of the beam.

By the kiln-drying, the coefficients of elasticity were increased and 
the mean compressive strength was increased more than 33.6 p. c. 
There was also a slight increase in the mean tensile strength, but the 
shearing strength was diminished more than 19.1 p. c.

The ratio of the leneth of the compression specimens to the least 
transverse dimension varied between 2.02 and 10.1, and the failure was 
in every case due to direct crushing, excepting in the case of specimen 
A, in which the ratio was 20 and the failure was partly due to bend­
ing.

The injured portion was removed from specimen g, which was then 
rc-tested after it had lost in weight 1.08 lb. per cubic foot. Its com­
pressive strength was found to be 6733 lbs. per square inch, or 1.86 
times as great as in the first test.

The difference between the specific weights of the air and kiln-dried 
specimens was not great. The specific weight of the beam was from 2 
to 4 lbs. per cubic foot greater than that of the specimens.
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AIR DRIED SPECIMENS FROM WHITE PINE BEAM 32.

Compression Tests. Shearing Tests.

Coefficients of elasticity. Coefficients of elasticity. Shearing

strength

Return. cub. ft.

1,497,000 1,513,680 300.54 27.58924.777
327.60 27.9410,014 25.001

1,706,480 283.27 25.3025.855
299.73 25.28526.561

26.612 318.58 28.034
24.60353.00

324.00

SPECIMENS KILN DRIED AT 212‘F. FROM WHITE PINE BEAM 32.

«1 1,521,220 1,530,920 8,135 20.089 92 1,802,430 1,800,440 5,061 24.112 ”3 251.62 25.549
d 2,341,150 2,363,410 10,446 7/1.. 2,074,340 2,056,860 4,040 24.704 ”4 236.06 26.047

1,736,510 1,746,300 9.510 24.04 Os 269.15 24.054
f 2,123,700 2,136,540 13,065 26.602 o4 267.63 24.518

8 264.53 23.618

Results of Experim
ents on the Strength of
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REMARKS ON BEAM 33.

The oo-cfficicots of elasticity, tensile and compressive strength of 
this kiln-dried beam are all small, possibly on account of the obliquity 
of the grain in the timber.

The compressive strength, however, is again much greater and the 
shearing strength much less than the oorrespo nding strengths in similar 
air-dried specimens.

Owing to some inherent weakness which could not be determined, 
specimen c failed under an abnormally low load, and before the cztcn- 
someter had been taken off.

REMARKS ON TABLES m and IV.
Beams 17 and 18, containing the heart, were out from trees felled 

at Keewatin in 1894, and were ordinary 1st quality timber. There 
were shakes in Beam 17, reaching the heart at poiuts. The grain 
on the lower half of the beam was straight, but ran crosswise on 
the tension surface. From tho time the beam was received into the 
Laboratory to the date of the test, a period of 67 days, the beam lost 
13 p.c. of its weight. After the test a 3-inch slab was cut out, and the 
weight of this slab on Feb. 15th, 1897, by which time the natural 
drying can be considered to have been completed, was found to bo 
28.037 lbs. per cubio foot.

Beam 18 was tested after remaining in tho Laboratory 42 days, in 
which time it was found to have lost 8.79 p.c. of its weight. It failed 
by crippling and longitudinal shear, simultaneously. The grain for 
about 10 inches on each side of the centre was clear, straight and free 
fiom knots.

The logs from which Beams 31 to 49 were sawn were felled in the 
Bonucchèrc district in the winter of 1894-95, and remained in tho 
water for six months. They all contained the heart, and were ordinary 
lst-quality timber.

Beam 32 failed by longitudinal shear along a shake in the neigh­
bourhood of the neutral surface, but there were indications that this 
had been immediately preceded by a slight crippling.

Beam 41 was straight grained, but contained large shakes on the 
sides and on the compression surface due to seasoning and drying.

Beam 44 was straight grained and comparatively free from knots, but 
contained shakes which apparently extended from the heart outward to 
the sides. After remaining in the Laboratory 255 days it had lost 
22.4 p.c. of its weight. A 1-inch slab cut from one end of the beam 
weighed, after being dried at 212°F., 30.31 lbs. per cub. ft.
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TABLE III.

Red Pine from ordinary stock.

No.
B °f Dimensions in lDch«. Breaking

In lire.
Skin-stress (,f) in 
lbs. per sq. in.

Coefficient of 
elasticity.

cub. ft. at 
date of 
test.

Per ct. of weight lost 
when dried at 212° F. at

i b d Max. Min. Mean. Centre Left end. R’t end.
17 18<; 6.15 15.2 21,350 4531 4322 4426 1,252,700 32.279
18 180 5.75 15.0 21,730 4589 4527 1,351,350
31 186 5.975 12.275 23,400 7840 7469 7654 1,814J90 35.95 17.38 16.9 12.94
45 1st; 6.025 6.025 7 .Min 10034 9871 9952 2,708,030 37.141
49 188 5.75 14.925 22,700 5240 5100 5170 1,009,010 30.592 8.8 8.7 8.1

TABLE IV.

Character of failure.

Crippled.
Crip’d & long, nhear 
Longitudinal shear. 

. Crippled. 
Longitudinal shear.

Red Pink dried at 212° F.

37 150 5.75 11.875 21,000
8,800

20,000

6160 5953 6056 2,049,430
2,261,820
2,219,550

30.972 Longitudinal shear.
41 150 5.885 5.925 9572 9472 9522 30.858

34.03844 150 5.875 11.785 5732 5617 5674 Longitudinal shear.

W
hite Pine, Red Pine, H
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White Pine, Red Pine, Hemlock and Spruce. 221

Beam 45 was a dense timber of excellent quality with shakes occurring 
intermittently. A constantly increasing deflection indicated that crip­
pling had taken place under a load of 7600 lbs., although the crippling 
was not apparent until the load was 8000 lbs.

Beam 49 was straight-grained, with a few intermittent shakes.

REMARKS ON BEAM 17.
The mean direct tensile strength is 2.12 times greater than the cal­

culated mean skin-stress of the beam and 2.66 times greater than the 
mean compressive strength.

Specimens 6, and 6j contain the heart, and shew the least compres­
sive strength. The ratios of length to least transverse dimensions in 
the compression specimens were 8.62 for au 8.82 for a, ; 5.78 for rr, ; 
11.98 for 6„ 6.2 for 6, ; and 5.84 for c. The failure was in each case 
due to direct crushing.

The average specific weight of the specimens was about 2 lbs. per 
cubic foot less than the specific weight of the beam.

Tension specimen 6, after the first scries of readings, was left under 
1600 lbs. for 2} hours, and during this interval the final rending varied 
from .01065 to .0111.

REMARKS ON BEAM 18.

The mean direct tensile strength is 2.81 times greater than the cal­
culated mean skin-stress of the beam and 3.93 times greater than the 
mean direct compressive strength.

Specimen 11 contained the heart and shewed the least compressive 
strength.

The ratios of length to least transverse dimension were 6.43 for 
specimen 11, and 6.71 for specimen 12. In each ease the failure was 
due to direct crushing.

The coefficients of elasticity for specimens 1, 2, 3,4,6, 7, 8, 9, were 
calculated from the first scries of readings only, and were consequently 
smaller than if repeated readings had been taken.

The shearing strength of the round specimens is 1.79 times the mean 
shearing strength of the flat specimens.

The timber of the beam in question .vas unusually dense, and the 
mean specific weight of the beam docs not seem to have been much 
greater than the mean specific weights of the compression and shearing 
specimens.

Tension specimen 4, after the first series of readings, was entirely 
relieved of load for 16 hours.



AIR DRIED SPECIMENS FROM RED PINE BEAM 18.

Tension Tests.

2
Coefficients of elasticity. Tensile

strength
Sp. wt. 
in lbs.

” Forward. Return.
in lbs. per 

sq. in.
per

cub. ft.

1 1.966,970 
1,998,050 
1,943,2.(0 
1,754,840 1 
1.801,600 ( 
2,116.110 
1,819,380 
2,387,640 
2,080,060 
2,018,180

14,154
2
3

1,772,000 1 
1,804,750 i

8,6644
5 11,949 

10,128 
17,494 
16,00!» 
13,.362

6
7
8
9

Compression Tests.

I
Coefficients of elasticity. Com pres-

In Ito'per
Sp. wt. 
in lbs. i

Shearing 
strength 

in lbs. per Sp. wt. 
in Tbs. per 

cub. It.
i Shearing 

strength 
in lbs. per

rounds.Forward. Return. jjr 92 00

10 3.330 42.6 13 427.41 .31.982 24 644.71n 936,987 942,214 2,789 34.667 14 433.93 33.394 25 621.6512

i

1,281,810 1,295,800 3,631 35.039 15
16 
17 
I-
19
20 
21 
22 
23

362.66 
327 95 
387.01 
380.20 
323.03 
382.88 
318.59 
293.77 
369.61

33.634
35.418
33.641
32.627
33.466
34.474
33.822 
34 221 
32.427

26
27
28 
29

738.22
619.43
671.48
627.66

Shearing Tests. 8?
.©

j?

©
S$

59
3%



AIR-DRIED SPECIMENS FROM RED PINE BEAM 31

Tensile Tests. Compression Tests. Shearing Tests.

i
Coefficients of elasticity. Tensile Sp. wt. 

in lbs.

Sp
ec

. Coefficients of elasticity. Compres­
sive

strength 
in lbs. per

Sp. wt. 
in lbs. i

Shearing

qflats.

Sp. wt. 
in lbs.

Forward. Return.
in lbs. per 

sq. in. curt, Forwurd. Return. cuTf,. c-r„

2,179,100
2,387,050
2,337,260
2,180,150
2,261,920

2,192,170
2,383,650
2,357,330
2,192,110
2,292,290

12,973
14,275
12,510

9,817
13,013

34.34 4,775
5.062

36.04 341.88 32.265
6l 34.227 35.353 403.15 33.946

34.427 A 5,063
4,489
3,990
6,337

34.902 lc ~ 345.94 33.575
d 32.32 36.366 ZÎ 425.43 35.577
e 34.1 i, 2,002,780

2,428,500
1,980,670
2,421,890

35.24
33.119

SPECIMENS KILN-DRIED AT 212° F. FROM RED PINE BEAM 31.

a2 2,659,930 2,677,030 I 10,470 132.996 *2 
<t

1,549,860
2,382,5:10

l,540,i30
2,400,150

32.237 ji
U

222.94 30.553
31.705 264.04 30.502

Is 300.86
313.10

32.021

h 331.00 31.946

LO
to
CO
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224 Results of Experiments on the Strength of

RBMA1K8 ON BEAM 31.

The mean direct tensile strength is 1.65 times greater than the cal­
culated mean skin-stress of the beam and 1.55 times greater than the 
mean direct compressive strength.

By the kiln-drying the tensile strength was diminished, the com 
prcssive strength was largely increased, and the shearing strength was 
diminished by 24.1 p.c.

Tho ratios of the length to the least transverse dimension in the com­
pression specimens varied from 5 to 10, and in each case the failure was 
due to direct crushng.

Specimens hi and 7i, contain the heart and shew the least compressive 
strength in the air and kiln-dried conditions, respectively. The lossof 
weight in kiln-drying varied from 1.344 lbs. to 3.003 lbs. per cubic ft.

R3MXBKS ON TABLES V, VI and VIL

Beams 22, 23 nnd 35, containing the heart, had lain in the water 
for a considerable time, and were completely water-soaked. When 
tested, Beams 22 and 35 were found to be hard frozen. Beam 23 was 
al-o frozen, but not throughout, ns was shewn when the beam was 
cut in two at thccantre. Baum 22 was straight-grained, free from knots, 
and failed with a sudden sharp fracture. Incipient decay had com­
menced near the heart of Beam 23, which, however, was regarded as a 
fair specimen of ordinary commercial quality. It was full of large knots 
and the grain was curved from end to end. Beam 35 was straight- 
grained, clear, comparatively free from knots and of czceptionally good 
quality. Beam 40 was cut out of beam 35 after the latter had been tested.

Beams 25, 26 and 29 all contained the heart. Beam 25 was a good 
specimen, and was completely water-soaked. Beam 26 was saturated 
throughout, excepting for a dcp'.li of 1} inches from surface, and, 
although an apparently poor specimen, was considered to be of ordinary 
commercial quality. It was full of knots an 1 its grain was curved.
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AIR DRIED SPECIMENS FROM HEMLOCK BEAM 22.

Tension Tests. Compression Tests. Shearing Tests.

Coefficients of elasticity.
Tensile 

strength 
in lbs.

Sp. wt. 
in lbs.

™r«.

Coefficients of elasticity.
strength 

in lbs. per
3p. wt. 
in lbs.

cuTft.

Shearing 
strength 

in lbs. per 
sq. in. of 

flats.

Sp. wt.

I
Shearing 
strength 
in lbs. per
rounds.1

1'
Forward. Return.

CO
Forward. Return.

|
=ur„.

V
d

/

2

764,414
881,318

1,147,350
939,920

1,086,220
1,099,050
1,123,780
1,233,040

781,W0 
919.122 

1,169.160 
99.7,213 

1,099,860 
1,141,500_ 
1.104,380 
1,243,250

4,718
7,222
7,967
7,640
8.468
7,076
7,418
8,475
7,590

26.80
30.98
29.07
29.64
28.70

k1
il
la

1,055,110
1,312,200
1,31.5,040 
1,550,510 
1,413,050

1,050,600
1,289,860
1,284,400 
1,538,950 
1,410,110

3,532
3,902
3,128
2,948
3,078

41.875
41.109
42.132
38.391
36.326

*»3

o\
V i 

Pa 
9i 
9a
r5

*

452.8
355.5
.350.91
376.40
317.46
307.50
320.04
391.10
368.99
371.93 
364.54
400.94 
387.80 
482.17 
519.87

34.993
36.176
39.947
39.074
38.42
36.985
38.915
41.271

43.424
37.558

613.22

226 
Résulta of Experim
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White Pine, Red Pine, Hemlock and Spruce. 227

REMARKS ON BEAM 22.

The mean direct tensile strength is 1.43 times greater than the cal­
culated mean skin stress of the beam and 2.31 times greater than the 
mean direct compressive strength. The shearing strength of the round 
specimen is 1.62 times greater than the mean shearing strength of 
the flat specimens. The ratios of length to least transverse dimension 
in the compression specimens varied between 5.3 and 7.27, and the 
failure was in each case due to direct crushing.

The compression specimens had the appearance of being frozen, but 
the frost in the tension and shearing specimens had thawed, although 
they still remained very cold and water-soaked. In fact, the specific 
weight of several of the specimens was even greater than the mean spe­
cific weight of the frozen beam.

REMARKS ON BEAM 26.

The mean direct tensile strength is 2.1 times greater than the calcu­
lated mean skin-stress of the beam and 3.33 times greater than the 
mean compressive strength. The mean shearing strength of the round 
specimens is 1.69 times greater than the mean shearing strength of 
the flat specimens.

The ratios of the length to the least transverse dimension varied 
between 6 08 and 9.86, and the failure was in each case due to direct 
crushing. The results indicate that the tensile and shearing strengths 
arc greatest in those specimens of the greatest specific weight.

Several of the specimens had a greater specific weight than the mean 
specific weight of the beam.

Tension specimen 6], after the first scries of readings, was left under 
400 lbs. for 17 hours, the final reading varying from .00033 to 
.00017.

Compression specimen g, after the first series of readings, was wholly 
relieved of load for 11 hours.

Compression specimen di, after the first series of readings, was 
wholly relieved of load for 15 hours.

p
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AIR DRIED SPECIMENS FROM HEMLOCK BEAM 25. oo

Tension Tests. Compression Tests. Shearing Tests.

Spec.
Coefficients of elasticity.

strength Sp. wt.

cubic foot
Spec.

Co-efficients of elasticity. Compres-

strength 
in lbs. ger

Sp.wt. 
in lbs per 
cubic ft. Spec.

Shearing 
strength in 
lbs. per sq. 
in. of flats.

Sp. wt. in 
lbs. per 
cub. ft.

Spec.
Shearing 

strength in

in. of roundsForwmrd. Betnrn Forwmrd. Fetnni.

1 1,345,310 1,367,250 7,680 <». 1,011,030 1,000.140 2491 51.442 n, 393.90 51.144 Xi 537.37
2 1,585,850 1,607,750 10,553 44.34 d, 1,477.400 I 1,465,030 1 3347 51.515 n2 406.13 51.6 ** 528.91
3 1,728,280 1,811,1170 8,985 39.27 1,517,810 / 1,507,750 /

38 61 1.* MS. 000 1,841,500 369.92 45 58 619.2*
Oi 2,034,780 2,091,950 13,514 57.10 f 1,576,700 1,564,290 48.71 0, 407.19 47.37 .Vi 663.78

1,706,210 1,753,400 9,409 50.01 P 324.12 52.547 Vs 710.86
1,668,330 1,708,410 13,000 39.39 9 1,430,680 | 1,428,860 ) 3148 53.013 Ç' 446.77 50.522 y3 670.34

1,392,550 i 1,407,390 \
», 2,053,630 I 2,063.210 ) 14,721 48.7 h 1,472.160 1,468,870 3420 54.754 9i 396.79 49 172 i 670.53

2,049,900 1 2,052,410 i r, 423.81 44.208 *i 606.67
», 1,906,590 1,946,310 14,501 58.43 k 1,485.230 1,473.900 3140 51.741 r* 441.02 45.47 ** 630.67

1,704,500 1,732,610 11,759 l 1,411,770 1,409,290 3147 5.1.009 »i 420.98 51.213 Z» 623.55
CJ 2,096,270 2,113,630 13,619 61.07 1,609,900 1,587,800 3714 51-503 361.48 50.388 ii 637.80

f, 424.20 38.3* 556.29
Ù 428.*0 39.791

405.09 46.268vl 444.95 49.975
362.48 56.402

”, 382 13 55.526

Results of Experim
ents on the Strength of



AIR-DRIED SPECIMENS FROM HEMLOCK BEAM 26.

Tension Results.

Coefficients of elasticity. Tensile 

in lbs. per

1,891,870
1.834.260 
1,310,340 )
1.265.660 > 
1,233,050 ) 
1,832,230 
2,024,800
1.497.260 
1,799,240-1
1.913.660 
1,991,940 I 
1,927,1001 
2,143,450 
1,287,420 
2,010,210 
1,926,1101 
1,951,400 /

1.935.760 
1,867,730 
1,349,090) 
1,277,750 11.254.760 J 
1,853,060 
2,073,450 
1,539,700 
1,761,660) 
1,785,440 !
1.897.400 f 
2,007,250 J 
2,194,380 
1,314,280 
2,013,870 
1,900,360 1
1.951.400 /

Sp. wt. in 
lbs. per 
cub. ft.

11,021
12,162

4,610

11,6.36
13,074
5,653

11,798

10,552
8,580

13,505
13,423

.30.70
28.635

28.622

20.993
33.288
31.647

31.305
31.050
30.653
28.665

Compression Results.

Coefficients of elasticity.

Forward. Return.

' 1,342,190" 
1,736,060

1,457,030 
899,630 

1,175,920 I 
1,441,020 \ 
1,433,830 J
1,634,750

1,336^480
1,754,840

1,461,250 
912^467 

1,469,460 1 
1,435,360 1 
1,435,360 J
1,634,750

1,210380
1.220,710
1,226,020

1,214,280 ) 
1,221,270 V 
1,228,050J

strength

3652
3673

4446

.3.305
3488
3057
4050

2703

3368

4173
4050

4538

.3838

*P. wt. in 
lbs. per 
cub. ft.

Shearing Results.

Spec.

37.02
35.73

37.67

40.933 
32.318 
34.016 
31.755

32.294
33.073

32.279

33.785
33.859

35.789

35.826

Shearing 
strength in 
lbs. per sq. 
In. of flats.

334.06 
285.50

363.47
303.20
315.26
331.36
356.00
306.60

371.00 
316 80

SPECIMEN KILN-DRIED AT 212° F. FROM HEMLOCK BEAM 26.

t | 1,833,420
1,833,420 7837 30.82

W
hile 1‘ine, Red Pine, H
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lock and Spruce.



230 Results of Experiments on the Strength of

REMARKS ON BEAM 26.
The mean direct tensile strength was more than 2.06 times as great 

as the calculated mean skin-stress of the beam and 3.6 times greater 
than the mean compressive strength. The kiln-dried specimen shewed 
a compressive strength more than double the mean compressive strength 
of the air-dried specimens.

The ratios of the length to the least transverse dimensions in the 
compression members varied from 2.5 to 7.8, and the failure was in each 
case due to direct crushing.

Between the first and second series of readings, b remained under 
400 lbs. for 16 hours, the final reading varying from .00457 to .00372.

Between tho second and last scries of readings the specimen was 
left under 400 lbs. for 47J hours. Toe reading varied from .001 to 
.00398 in the first two hours, and the extensometer was then reset at 
zero. During the next hour it varied from zero to .001 ; and the 
final reading before recommencing the test was .00082. The average 
rime occupied in each observation was about one minute. The varia­
tion in the value of the coefficient of elasticity was due to the gradual 
drying of the specimen, and also to the varying hygrométrie condition 
of the atmosphere.

Specimen f was left under the load of 400 lbs. for 17 hours after the 
first series of readings, the final reading varying from .0033 to .01064. 
After the second test it was left under 400 lbs. for 23 hours, the final 
reading varying from .00281 to .00995. Between tho third and 
fourth series of readings the specimen was left un 1er 400 lbs for 5 
hours, the final reading varying from .00163 to .00281. The varia­
tion of the reading was due to the gradual drying of the specimen and 
to the changing hygrométrie condition of the atmosphere.

Between the two series of readings for specimen j there was an 
interval of 90 hours.

The small tensile strength of the specimen was chiefly due to the fact 
that the grain of the specimen was slightly oblique to the axis.

The compression specimen was left under a load of 5,000 lbs. after 
the first scries of readings for 42 hours, the final reading varying from 
.00081 to .00398. After tho second series of readings it remained 
under 6,000 lbs. for 43 hours, the final reading only varying from 
.00401 to .00398.

The compression specimen < was left under 5,000 lbs. for 18 hours 
after the first scries of readings, the final reading varying from .0026 
to .00268. After the second scries of readings it was left under 6,000 
lbs. for 41 hours, the final reading varying from .00278 to .002805.

After specimen p2 had been tested the injured portion was removed 
and the remainder retested, when it had lost 2.4 lbs. per cubic foot of 
its weight. Its compressive strength was 4,097 lbs. per square inch.



AIll DRIED SPECIMENS FROM HEMLOCK BEAM 29.

Tension Tests Compression Tests. Shearing Tests.

Spec.

Coefficients of elasticity. Tensile 
strength 

in lbs. per
S|>. wt. in

Coefficients of elasticity. Comp™.-
Sp^wt. in

Shearing

in lbs. per 
sq. in. of 

flats.

Sp. wt. in
lbs. per 
cub. ft.Forward. Betarn. Forward. Return.

in^'lbs.'per 
sq. in.

<t|
b

1,212,920 
1,908,490 
1,115 370

1,221,340 
1.37 *,700

4387
3113

25.09
27.813 y 1,242,410 1,241,540 3673

20*9 30.51
*. 390.16

360.41
30.916
34.58

1,140.100
1,140,880

3240 25.194 A 2864 32.70 i 424.95 .32.661
d 1,137,000 3250 26.852 1524 32.715 398.51 32.719

2468 32.765
3354 31.146

V 3429 28.82
V 2311 31.50

s 'EC1MENS KILN DRIE D AT 212" tI. FROM HEMLOCK BEAM 29.

at 1,310,770 ) 
1,298,970 \

1,321,290 \ 
1,300.430 I 7022 22.473 ti 1,490,5'0 1,468,000 4074 23.503 *1

<s
384.74
324.20
350.17

24.309
24.364

"ni 285.87 24.71

f

W
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232 Results of Experiments on the Strength of
REMARKS ON BEAM 26.

The mean direct tensile strength is less than the calculated mean 
skin-stress of the beam and only 1.24 times as great as the mean com­
pressive strength. This result is doubtless due to the fact that the 
timber was of very poor quality and full of knots and shakes.

By kiln-drying, the coefficients of elasticity were increased, the ten­
sile strength was doubled, the compressive strength was increased by 
18 per cent., and the mean shearing strength was diminished by 9.9 
per cent.

The ratios ol length to least transverse dimension in the compression 
members varied from 2.14 to 10.52, and the failure in each case was 
due to direct crushing, excepting in the case of i, in which the ratio 
was 19.6 and which partly failed by bending.

In the case of oc, the interval between the two series of readings, dur­
ing which the specimen was left under a load of 100 lbs., was 1 hour, 
and the final rending varied from .00054 to .00059.

After k had been tested the injured portion was removed and the 
uninjured portion of the specimen was re-tested, when it failed by 
direct crushing under 4122 lbs. per square inch, the specific weight 
being 28.4 lbs. per cubic foot, and tho ratio of the length to the least 
transverse dimension 5.2.

REMARKS ON BEAM 36.
The mean direct tensile strength of the cold and water-soaked speci­

mens is 1.4 times greater than the calculated mean skin-stress of he 
I cam and 2.82 times greater than the mean direct compressive strength-

By the kiln-drying the tensile strength was diminished, the compres­
sive strength increased more than 87 p.c, and the shearing strength 
diminished more than 33 per cent. The coefficients of elasticity were 
also increased.

The ratios of the length to the least transverse dimension in tho 
compression specimens varied between 4.43 and 5.57, and in each case 
the failure was due to direct crushing.

After h, had been tested, the injured portion was removed, and the 
specimen was dried at 212 ° F. and re tested with the following results : 
coefficient of elasticity = 1,511,000 (forward), 1,517,830 (return); 
compressive strength = 7107.8 lbs. per square inch ; specific weight 
= 27.017 lbs. per cubic foot.

After hi had been tested the injured portion was removed and the 
specimen was allowed to dry gradually in the laboratory for about a 
month. It was then re-tested, with the following results coefficient 
of elasticity = 1,526,200 (forward), 1,521,590 (return) ; compressive
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strength = 3636.3 lbs. per square inch ; specific weight := 38.07 lbs. 
per cubic foot.

After_/ had been tested the injured portion Was removed and the 
specimen was immediately rc-toated, with the following results :— 
coefficient of elasticity = 1,608,560 (forward), 1,615,303 (return) ; 
compressive strength = 3592.5 lbs. per square inch ; specific weight 
= 52 02 lbs. per cubic foot.

The injured portion was removed, and the specimen dried at 212 ° F. 
when it was re-tested, with the following results :—co efficient of elas­
ticity:^,662,500 (forward), 1,657,900 (return) ; compressive strength 
= 6216 lbs. per square inch ; specific weight = 25.33 lbs. per cubic
foot.

In the case of specimen j,.
After 1st series of readings it was left under 20,000 lbs. for 18} 

hours, the final reading varying from .00755 to .00766.
After 2nd series of readings it was left under 20,000 lbs. for 47} 

hours, the final reading varying from .00678 to .00741.
After 3rd series of readings it was left under 20,000 lbs, for 3} 

hours, the final reading varying from .00723 to .00726.
After 4th series of readings it was loft under 100 lbs. for 17} hours, 

the final reading varying from .00149 to .0018.
After 5th series of readings it was left under 100 lbs. for 3} hours, 

the final reading varying from .00176 to .00188.
After j, had been tested the injured portion was removed and the 

specimen immediately re-tested, with the following results :—coeffi­
cient of elasticity = 1,284,450 (forward), 1,278,860 (return) ; com­
pressive strength = 34,328 lbs. per square inch ; specific weight = 
46.61 lbs. per cubic foot.

The injured portion was removed and the specimen drie 1 at 212 ° F. 
and re tested, with the following results :—

From 1st series of readings, coefficient of elasticity = 1,496,940 
(forward), 1,503,930 (return).

From 2nd scries of readings, coefficient of elasticity = 1,465,810 
(forward), 1,459,920 (return).

From 3rd series of readings, coefficient of elasticity = 1,471,140 
(forward), 1,473,280 (return) ; the compressive strength = 7021.6 
lbs. per cubic foot ; the specific weight = 24.66 lbs. per cubic foot. 
Between the 1st and 2nd readings the specimen remained under 100 
lbs. for about} hour, the final reading varying from . 00043 to .00021. 
Between the 2nd and 3rd readings the specimen remained under 100 
lbs. for about 1 hour, the final reading varying from .0007 to .00056.



SPECIMENS FROM FROZEN HEMLOCK BEAM 35.

Tension Tests. Compression Tests. Shearing Tests.

Spec.
Coefficients of elasticity. Tensile

strength
sp. Inch.

S|h.Wtp»r"
wub. ft.

Spec.
Coefficients of elasticity.

strength 
in lbs. per

Sp. wt. in 
lbs. per 
cub. ft.

Spec
Shearing 
strength 

in lbs. per Sp. wt. in 
lbs. per

Forward. Return. Forward. R^wm.

a. 1.145,590 1,147,450 7792 40.306 1,464,480 1,449,300 4119 49.45 432.76 48.142
kl 1.363,620 1,382,340 8694 43.822 1,655,890 1,653,610 3961 52.257 399.43 49.540b2 1 f,62,710 1,566,260 11366 36.029 4131 59 188
ci 1,824,900 1,833,150 7521 56.112 n 841,150 835,046 2951 52.822 i, 491.92 43.671
ci 1,248.610 1,250,450 13354 48.892 1.244,060 1,222,700 3611 52.416 h 534.24 51.156
di 1.158,230 1,165,680 7580 46 719 ji l,44!i,9U0 1,444,010 3678 mi 419 28 49.161
n 1,735,800 1,738,940 11725 48.109 m2 517.25 52.28
ji 1,605.600 1,666,520 10319 57.25 468.67 49.806
/, 1,772,310 1,801,440 9487 55.226 427.35 48.655
91 1,311,950 1,313,760 9906 50.917

SPECIMENS KILN-DRIED AT 212* F. FROM HEMLOCK BEAM 35.

a2 2,274,680 2,277,990 4613 26.901 h. 1,566,450 1,555,800 6645 25.95 k, 310.24 26.29
1,582,810 l ,585,130 7107 27.198 *. 1,929,030 1,925,350 8948 27.106 kt 2%. 87 26.801

<i, 1,748,500 1,750,920 8073 26.323 ù 1,379,940 1,380,230 4275 25.81 l. 334.37 29.067
«2 2,080,120

1,586,910
2,088,470 7197 28.334 *s 1,178,510 1,173,020 4833 25.79 7. 356.49 29 402h 1,602,350 5903 24.210 1,479,560, 1,465,030) 1, 329.90 29.201

1,487,650 1 1,481,200 1 366.45 28.868
Si 1,621,920 1,626,520 8650 25.135 h 1,496,4201, 1,492,730 7316 25.421 330.95 28.153

1,494,400 
1.505,000 *

1,491,620 f m7 288.53 28.448
Si 1,615,080 1.620,229 2671 26.283 1,506.690 |

1,518.620 1,519,010)

234 
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TABLE Till.

Spruce from ordinary Block.

No. of 
Beam. Dimensions in inches. in lbs.

Skin-stress (/) in lbs. 
per sq. in.

Coefficient of 
elasticity.

Sp. wt. in 
lbs. per 

-ub. ft. at 
date of 

test.

Per ct. of weight lost in 
drying at 212" F. Character of fai lure.

24
i

222
b

9.175
d

10.1125 15,800
Max.
6208

Min.
5846

Mean.
6027 1,629,050 32.307

Left end. R’t end. 
27.3 Crippled.

27
30

186
186

8.725
8.725

10.025
11.875

14,600
15,900

4899
3758

4758
3662

4829
3720

1,458,360
2,020,300

29.354
30.603 11.1

Crippled.
Longitudinal shear.

TABLE IX. 

Spruce dried at 212° F.

* 73 3.775 4.35 5,300 9774 9003 9639 2,373,080 31 606 Longitudinal shear.

TABLE X.

Spruce saturated and frozen- 8

33 186 9.2
10 ^ 14,000

7212 6887
7050 ^ 2,373,080 ' 39.78

30.618 33.55 Crippled.
03
«I
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REM ARKS ON TABLE 3 Vm. IX and X

Beam 24 was wet, but was in good condition and comparatively 
free from knots. Beam 27 was of ordinary commercial quality, with 
fairly straight grain and a large number of small knots. Beam 30 
was of ordinary commercial quality, but with large shakes running 
from end to end and dividing the beam practically into four sections 
Beam 33 was water-soaked and hard froien when tested. It was of 
exceptionally good quality, free from shakes and had clear, straight 
grain. Beam 39 was cut out,of Beam 33 after the latter had been 
tested.

REMARKS ON BEAM 24.

The mean direct tensile strength was more than double the calculated 
mean skin-stress and 4.21 times the mean direct compressive strength.

The mean shearing strength of the round specimens was 1.86 times 
the mean shearing strength of the flat specimens.

Tension specimen «„ after the first series of readings, was left under 
the load of 1600 lbs. for 43hours, the final reading varying from 
.01243 to .01707.

The ratios of length to least transverse dimension in the compression 
specimens varied between 6.81 and 8.9, and the failure was in each case 
due to direct crushing.

Between the first and second series of readings y, was entirely 
relieved of load for 17 hours. After two repetitions of loading and 
relieving from load, specimen /3 was left under 5,000 lbs. fori yi hours, 
and during this interval the reading varied from .00099 to .00092.



AIR DRIED SPECIMENS FROM SPRUCE BEAM 24.

24

Tension Results. Compression Results. Shearing Results.

Coefficients of elasticity. Tensile 
strength in 

lbs. per
Sp. Wt

Spec.
Coefficients of elasticity. Compressive 

strength in Sp. wt
Spec.

Shearing
strength
sq. in!6 
of flats.

Sp. wt.
Spec

Shearing 
strength 

in lbs. per
of rounds.Forwird. Return. cub. ft. For.."*, Return. W =«r«. per

cub. ft.

«1 2,161,000 2,181,220 14,603.7 /, 1,538,940 1,530,420 2781.73 32.475 z, 353.68 30.13 xi 660.94
«1 1,978,810 1,963.710 1 14,438.2 1,298,130 1,299,530 2772.67 31.90 352.11 30.227 *1 576.57

2.030. «00 2,045,530 / ft 1,717,900 1.711,560 2921.41 31.38 249.11 30.237 X3 632.10
«3 2,041.130 2,085,110 11,464.7 01 1.551,350 1,572,860 ) 3218.9 31.156 326.25 30.607 549.90
6, 2,023,120 1,986,800 12.106.6 1,603,240 1,591,990 / 344.33 y« 598.55
b2 1,956,550 1,930,900 10,218.6 1,568,350 1,565,470 2865.37 33.57 267.33 ys 556.94
», 1,920,180 1,964,320 12,676.1 h 1,566,960 1,555,490 2825 98 31.165 286.79 30.538 598.50

di
di
«1

e3

2.127,280
2,086,020
2,148,920
1,731,720
1,872,180
1,679,770

2,171,470
2,117,930
2,175,230
1,761,420
1,894,110
1,749,620

14,404.2
12,112.4
u.aw.8
11,020.6
10,906.8
11,587.1

k 1,523,240 1,524,010 3202.37 32.75

 ̂e« «• i
 1'y

y © 302.75
307.74
393.70
287.12
315.91
374.79
361.36
258.20
285.58
370.73
334.28

30.044 
32.582 
32.750 
33.726 
32.636 
31.295 
31.666 
32.937 
31.007 
33.177 
31.987

-
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AIR-DRIED SPECIMENS FROM SPRUCE BEAM 27.

Spec.

Tension Results.

Coefficients of elasticity.

1,383,460
1,490,440
1,953,200
1,991,850
1,432,120
1,909,530
1,174,260
1,194,130
2,169,940

1,381,220 
1,500,000 
1,963,630 j 
2,007,080 < 
1,439,510 
1,918,340 
1,197,320 ’ 
1,198,190 
2,180,770

strength in

•fT

6035.8
8777

14,920
9,405.2

10,797
7724

12,370

Sp. wt. 
In llw.

cnrr„.

Compreeeion Résulta.

30.357
29.012
27.06
27.121
26.03
31.814
26.69

<i,

d,

Coefficients of elasticity.

1,477,851)

1,106,850
1,127,900
2,001,680
1,679,500
1,686,630
1,845.250
2,011,200

1,477.070 
1,109,700 ) 
1,126,420 f 
2,000,220 
1,674,440 X 
1,683,560 j 
1,906,760 
2,011,200

strength in 
lbs. per

3805.9
3968.4
3218.9 
3450 
3499
3429.8
3671.9 
4277.6
3741.1
4438.5 
4373.0

Shearing Results.

Sp. wt. 
in lbs. Spec.

Shearing 
strength 

in lbs. per
ofq flats.

In’ibT"

on r*.
27.07 tfi 410.72 30.865
28.498 417.:-o 29.90
27.298 j\ 421.30 27.80
28.881 /, 394.95 28.16
28.839 374.35 27 893
28.084 9\ 

gt
427 70 
357.80

26.12
26.43

28.393 h 414.51 28.635
27.034 A, 398.73 28.546

26.791
26.292

SPECIMENS KILN DRIED AT 212° F. FROM SPRUCE BEAM 27.

<**
&2

1,525,080 1,541,120 6182 ca 1,565,270 1,562,420
1,847,430 1,852,130 10,362 25.897 d, 1,875,380 1 1,878,550

5907.1 26.015
6430.2 26.152

to
03
00

i
F

r
ùa

1,
S-
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REMARKS ON BEAM 37.
The mean tensile strength of the air-dried specimens was more 

than double the calculated mean skin-stress of the beam, and 2.67 
times the direct mean compressive strength. By kiln-drying the tensile 
strength was diminished, and the mean compressive strength was in­
creased more than 65 percent.

Specimen 3, after the first scries of readings, was left under 400 lbs. 
for 40 hours, and during this interval the final reading only varied 
from .00258 to .00260.

Specimen a,, aft-r the first series of readings, was left under 400 lbs. 
for 22 hours, and during this interval the final reading varied from 
.00378 to .00667.

The ratios of the length to the least transverse dimensions in the 
compression members varied between 4.23 and 8.89, and in each case 
the failure was due to direct crushing, excepting in the cases of speci­
mens 5 and 6, in which the ratios were 18.76 and 14.32 respectivelyf 
which failed to some extent from bending.

Specimen c? between the two sets of readings, was left under 6,000 
lbs. for 41 hours, the final reading varying from .00049 to .00103.

Specimen tfc, between the two sets of reading», was left under 5,000 
lbs. for 41 hours, the final reading varying from .00128 to .00079.

After compression specimen 2 had been tested, the injured portion 
was removed and the remainder re-tested, when its specific weight was 
25.965 lbs. per cubic foot and its compressive strength 4849 lbs. per 
square inch.

The injured portion was removed from this last, and the remainder 
again tested, when its weight was 26.024 lbs. per cubic foot and its 
compressive strength 6621.2 lbs. per square inch.

Specimens 3, c„ c„ c„, all contain the heart and shew the least com­
pressive strength.

REMARKS ON BEAM 30.
The mean direct tensile strength of the air-dried specimens was 3.9 

times the calculated mean skin-stress of the beam, and 2.35 times the 
mean direct compressive strength.

By the kiln-drying, the mean tensile strength seems to have been 
increased, but specimen c, failed under an abnormally small load 
probably because of some inherent weakness. The compressive 
strength was increased 77 per cent., and the mean shearing strength 
diminished more than 22 per cent.

The ratio of the length of d to its least transverse dimension was 
20.025.

The ratios of the length to the least transverse dimension in the 
remainder of the compression members varied between 2.06 and 10.1, 
and in each case the failure was due to direct crushing.



AIR-DRIEO SPECIMENS FROM SPRUCE BEAM 30.

Tension Tests. Compression Tests. Shearing Tests.

Spec.

Coefficients of elasticity.
Tensile 

strength in
Sp. wt. 
in lbs.

cur,,.
spec-.

Coefficients of elasticity. Compressive 
strength in Sp. wt. 

in lbs.

cur,,.
Spec.

Shearing
strength

in lbs. per 
sq. in. 
of flats.

Sp. wt. 
in lbs.
c=r„.Forward. Be,urn- Forward. Return.

a, 2,293.580 2,305,180 13,380 29.666 di 32.447 375.88 32.012
bi 2,585,260 2,629,010 22,153 .10.592 6933 31.257 377.29 32.076
Cl 2,870,480 2,386,600 8,053 30.347 4996 32.005 376.54 31.18
i 2,139,190 2,151,460 12,570 30.367 7660 31.352 h\ 391.12 29.899
3 2,3-23,210 2,343,300 14^397 29.203 A 2,262,770 2,263,600 5183 31.076
4 2,372,570 2,404,210 16,571 31.843

SPECIMENS KILN-MtIED . lT 212” F. F ROM SPRUCE BEAM 30. .

<h 2,759,620 2,767,020 13,932 29.571 /, 2,243,550 2,237,150 9202 28.674 9t 233.66 31.241
2,647,040 2,650,330 19,492 30.284 94 246.40 31.173

c» 2,847,550 2,668,760 16,797 29.925 <75 324.56 31.173
A, 307.21 28.729
h. 347.09 29.240
A, 303.03 29.243



WET AND FROZEN SPECIMENS FROM SPRUCE BEAM 33

Tension Tests. Compression Tests. Shearing Tests.

Spec.

Coefficients of elasticity.
strength 
in lbs.
sqTn.

Sp. wt. 
in lbs.
JTft. Spec.

Coefficients of elasticity.
strength 
in lbs.
s«Tin

Sp. wt. 
in lbs.
per 

cub. ft
Spec.

Shearing 
strength 
in lbs.

Sp. wt. 
in lbs.
per 

cub ft.Forward. Retu; n. Forward. Return.

«1 2,219,600 2,273,580 16,202 36 243 i. 1,813,380 1,833,110 3403.4 38.019 g i 287.76 36.027
6, 2,268,750 2,261,770 15.610 37.209 2. 1,780,710 1,786.120 3347.7 38.07 <72 301.05 36.017
b, 2,233,170 2,241,170 7234.3 43.092 /. 2,088,870 2,096,050 3635.0 36.859 », 490.94 36.876
C, 2,115,850 2,127,810 10,681 37.945 h, 444.27 37.758
d\ 2,026,110 2,057,910 12,115 40.629 h, 437.32 39.957
e, 2,499,660 2,505,940 12,605 k, 367.65 35.122

VI y 1,963,180 1,964,210 15,454 k, 409.78 36.392
Ul 2,025,160 2,027,170 15,686 38.706 k, 425.72 38.756

l 430.58 38.285

SPECIMENS KILN DRIED AT 212° F. FROM SPRUCE BEAM 33.

a* 2,971,240 2.992,750 9453.8 u 2,975,420 2,974,780 6571.8 33.302 9s 291.11 30.817
6, 2,514,630 2,516,340 9728.6 32.27 g 4 278.81 29.612
C2 2,689,700 2,704,750 19,168 32.711 V, 379.78 31.648

2,833,350 2,872.170 9592.3 32.213 h-, 379.56 31.643
d\ 2,641,050 2,654,570 12897. 33.563 k. 371.86 29.704
e2 2,489,330 2,496,680 18,678 30.356 k, 381.23 30.952

3,452,300 3,473,810 8713.7 30.07m! 2,802,680 2,810,900 20,780
2,266,790 2,278.640 13,226 31.816
2,252.020 2.254,870 18,384 28.507

o 2,768.430 2.789.900 17.910 .30.836

W
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REMARKS ON BEAM 33.

The mean direct tensile strength of the saturated specimens was 
nearly double the calculated mean skin-stress of the beam and 3.88 
times the mean compressive strength.

By the kiln-drying, the tensile strength seems to have been slightly 
increased, the compressive strength was increased 80 per cent, and the 
shearing strength was diminished more than 12 per cent. The co­
efficients of elasticity were also increased.

The ratios of the length to the least transverse dimension in the 
compression members varied from 4.07 to 5.86, and failure was in each 
case due to direct crushing.

After compression specimen 1 had been tested the injured portion 
was removed and the remainder rc-testod, when its specific weight was 
37.457 lbs. per cubic foot, its coefficient of elasticity 1,627,890 (for­
ward) and 1,634,960 (return), and its compressive strength 3700 lbs. 
per square inch. The injured portion was removed from this last, and 
the remainder was dried at 212 3 F. and then tested with the follow­
ing results :—

Coefficient of elasticity from 1st series of readings
= 2,402,710 (forward), 2,400,340 (return).

Coefficient of elasticity from 2nd series of readings
— 2,415,620 (forward), 2,411,810 (return).

Coefficient of elasticity from 3rd scries of readings
= 2,419,940 (forward), 2,421,360 (return).

Between the first and second readings the specimen was under 100 
lbs. for 3 hours, the final reading varying from - .00005 to + .00002. 
Between the second and third readings the specimen was left under 100 
lbs. for 25 minutes, the reading varying from - .00006 to + .00002. 
The specific weight of the dried specimen was 32.559 lbs. per cubic foot.

Alter /, had been tested the injured portion was removed and 
the remainder retested, with the following results :—

Coefficient of elasticity = 1,972,390 (forward), 1,962,020 (return) ; 
compressive strength = 3521.4 lbs. per square inch ; specific weight 
=z 36.777 lbs. per cubic foot.

After 2 had been tested the injured portion was removed and the 
remainder re-tested, with the following results :—

Coefficient of elasticity = 1,733,480 (forward), 1,727,000 (return) ; 
compressive strength = 3736,7 lbs. per square inch ; specific weight 
= 37.602 lbs. per cubic foot.
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The injured portion was removed from the last and the remainder 
dried at 212 ° F., when it was tested, with the following results :—

Coefficient of elasticity = 2,690,130 (forward), 2,699,970 (return) ; 
compressive strength = 8465 lbs. per square inch ; specific weight 
= 30.253 lbs. per cubic ft.

Specimen " contained the heart, and shews the least compressive 
strength.

Remark> on E.—It may be observed that the coefficient of elasti­
city and strength often differ widely in value, even in the case of speci­
mens which were in the same alignment in the original beam, and which 
had been treated, as far as practicable, in a precisely similar manner. 
This maybe due to a number of uncontrollable causes, as, for example, 
an inherent weakness or a want of parallelism in the grain, but it is 
certainly largely due to the proportion of moisture present in the speci­
men, and perhaps to some, but a much smaller, extent to a variation in 
the temperature.

Again the difference between the means of the forward and return 
observations diminishes as the moisture is eliminated, and as the 
material approaches the normal state, that is, the state in which it con­
tains the greatest amount of moisture consistent with the hygrométrie 
condition of the surrounding atmosphere. The same is true also of 
kiln-dried specimens, but the latter, on account of their small section, 
rapidly absorb moisture until the normal state is reached. The rate of 
loading was kept as uniform as possible, the average time per reading 
being )4 minute for tension and )£ minute for compression specimens. 
The following examples will serve as illustrations :—

Q
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A.—SPECIMEN OF WHITE PINE MARKED I. (KILN-DRIED).

This specimen was taken out of the kiln on March the 28th, 1895, and allowed to cool ia 
the Laboratory during the night.
^ ^ Its sectional area =» .7288 square inches, and its specific weight = 24.788 lbs. per cubic

Date. No. of 
readings.

Mean Temp. (Fahr.) 
of pressure of relative Dew

reading. reading. Laboratory. «pour. humidity. potul.

Mar. 29 96 694.702 698.572 28°8 to 30° 1 .2
30 30 699.143 699.267 45°3 to 46°8 .2152 88.3 36.2
30 54 706.153 704.463 68”1 to 68°3

" 31 40 688.342 688.175 G7°4 to 68° .1793 87.3 31.5
Apr. l 50 673.958 673.6 33° to 37°5 .1082 83.0 19.7

2 30 686.6 686.066 67° to 68° .170 93.7 30.3
“ 3 20 685.111 685.3 64°5 .1173 88.7 22
« 4 120 

| 26
670.65
669.5

670.25
669.5

34°6 to 37°S 1 
33° to 36°3 f .1202 89 22.2

7 30 682.5 682. 64° to 67°8 .1557 89 28.3
8 30 678.857 678.228 65°2 .1498 86 27.3

34 666.469 666.147 35° .1382 80 25.3
9 15 676.643 676.143 61°6 74.7

Tensile strength of specimen = 12,294 lbs. per sq. inch.

B.-SPECIMENS OF RED PINE MARKED GI. (KILN-DRIED).

Specimen 1.—Sect, area = .6874 sq. ins.; ep. wt. = 30.9 lbs. per cub. ft.;
tensile strength '“14,620 lbs. per sq. in.

Specimen 2.—Sect, area = .71775 sq. ins.; sp. wt. — 33.17 lbs. per cub. ft. ; 
tensile strength = 12,023 lbs. per sq. in.

SPECIMEN 1.

Date.
readings.

Mean forward 
reading.

Mean return 
reading.

Temp. (Fahr ) 
of

Laboratory. Mean pressure 
of vapour.

Mean relative 
humidity.

Dew

Mar. 28 14 654.34 654.37 55° to 64° .0945 85.0 17.0
“ 29 48 649.28 649.56 28° to 30°
•• 29 25 650.32 650. 25°5 to 27°
« 30 .2152 88.3 36.2

SPECIMEN 2.

Mar. 27 22 605.9 64.72 3.r .082 86.5 13.3
«• 28 42 600.625 600.309 27°5 .0945 85.0 17.0
« 28 21 617.65 616.95 65°
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Again, a kiln-dried tension specimen, with a sectional area of .658 
square inches, was placed in the testing machine on April the 10th, 
1896, and was subjected to a load which was gradually increased up to 
1000 lbs. Under this load, the extension during the first day was at 
the rate of 6.1 hundred-thousandths of an inch per hour. On every 
succeeding day this rate diminished, but irregularly, until the test 
piece had reached its normal state. At this point, the slightest change 
in the humidity produced a corresponding change of length in test 
piece. The maximum amount of extension, vis., .00708 inch, occurred 
on the 11th of May.

The greatest observed rates of extension and recovery per hour were 
7 and 8 one hundred-thousandths of an inch, respectively. On the 
16th of May the load was reduced to 200 lbs., when the extension 
was also reduced to .0024 inch. One hour later the reading had fallen 
to .00233 inch, but an increase in the humidity then caused a corres­
ponding increase in the extension of .00017 inch.

In the transverse experiments the greatest possible care was taken 
to increase the load at the same uniform rate, the average time occu­
pied in adding eaoli increment and in taking the corresponding reading 
being slightly greater than 1 minute. In many cases the beam was 
loaded, then relieved of load, and reloaded again, the readings in all 
eases being carefully noted. This operation was sometimes repeated 
more than once. Whenever a beam or a specimen under tension or 
compression was subjected to repeated loadings, the first series of read­
ings were almost invariably discarded as the increments of deflection, 
and changes of length were found to be more uniform after the pre­
liminary loading. The initial loading seems to eliminate certain 
inequalities of resistance.

In Beam 15 there was an increment of .401 in. in the deflection, 
corresponding to an increment of 7,000 lbs. in the load. On reducing 
the load to 500 lbs., there was an apparent set of .006 in., which would 
have undoubtedly disappeared in a very short time. Upon re-loading the 
beam the increment of deflection for the same increment of load was 
.4 inch.

In Beam 17 the increments of deflection under the first and second 
loadings were exactly the same, viz., .415 inch for an increment of 
7,000 lbs. in the load. When the load, after the first series of readings, 
was reduced to 500 lbs., there was an apparent set of .005 inch, which 
would have certainly disappeared had the beam been allowed to rest for 
a few minutes.
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In Beam 24 (Spruce) for an increment of 6,000 lbs. in the load, the 
increment of deflection was 1.04 in. in the first loading and 1.034 in. 
in the second. Upon being entirely relieved of load, «here was on 
apparent, but evidently only apparent, set of .01 in.

In Beam 25 (Hemlock), for an increment of 6,000 lbs. in the load, 
the increment of deflection was 1.165 in. in the first loading and 1.155 
inch in the second, the apparent set when entirely relieved of load 
being .01 inch.

In Beam 27 (Spruce), after being loaded and then entirely relieved of 
load, there was an apparent set of .005, which in two hours had fallen 
to .002 inch.

In Beam 26 (Hemlock), after being loaded and then entirely relieved 
of load, there was an apparent set of .004 inch, which had entirely dis­
appeared after an interval of about two hours.

In the case of Beam 28 (White Pine) there were three sets of load­
ings, the increments of deflection corresponding to an increment of 12,000 
lbs. in the load, being:—

.238 in. and .234 in. for the first set,

.237 in. and .232 in. for the second set,
.237 in. and .232 in. and .232 in. for the third set.
When the beam was entirely relieved of load after the first set, there 

was an apparent set of .002 in., which had entirely disappeared in 25 
minutes. The second set of loadings commenced after an interval of 
18 hours. The mean increment of deflection = .2344 in.; the mean 
compression = .0827 inch, and, using the ordinary formula, the 
corresponding value of E = 1,066,980 lbs.

The increments of deflection for repeated loadings corresponding to 
an increment of 6,000 lbs. in the load were :—

.675 in., .660 in., .650 in. for Beam 29 (Hemlock),
.335 in., .330 in., .337 in. for Beam 30 (Spruce),
.492 in., .485 in., .487 in. for Beam 31 (Red Pine),
.675 in., .656 in., .653 in. for Beam 32 (White Pine),
.313 in., .308 in., .305 in., .306 in. for Beam 49 (Red Pine).
The increments of deflection for repeated loadings, corresponding to 

an increment of 7,000 lbs. in the load, were :—
.625 in., .620 in., .620 in., .625 in. for Beam 33 (Spruce).
The increments of deflection for repeated loadings, corresponding to 

an increment of 5000 lbs. in the load, were :—
.690 in., .556 in., .555 in. for Beam 35 (Hemlock).
For beams dried at 212° F., the increments of deflection for repeated 

loadings were ;—
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.420 in., .400 in., .405 in., .405 in., .405 in. for Beam 36 (White 
Pine) and an increment of 6,000 lbs.

.178 in., .173 in., .173 in. for Beam 37 (Red Pine) and an incre­
ment of 4,000 lbs.

.039 in., .042 in., .040 in., .040 in. for Beam 38 (White Pine) and 
an increment of 300 lbs.

.048 in., .048 in., .048 in., .0.49 in. for Beam 39 (Spruce) and an 
increment of 300 lbs.

.071 in., .070 in., .070 in., .070 in. for Beam 40 ^ Hemlock) and an 
increment of 300 lbs.

.363 in., .358 in., .358 in., .363 in. for Beam 41 (Red Pine) and an 
increment of 1,200 lbs.

.669 in., .672 in., .675 in. for Beam 42 (White Pine) and an in­
crement of 1,200 lbs.

.411 in., .416 in., .408 in., 402 in. for Beam 43 (White Pine) and 
an increment of 6,000 lbs.

.243 in., ,240 in., .238 in., .241 in. for Beam 44 (Red Pine) and an 
increment of 6,000 lbs-.

From these results and from the further observations up to the 
point of fracture, the i olio wing inferences may be at onoe drawn :—

(o) The increment of deflection diminishes and therefore the co-effi­
cient of elasticity increases with the elimination of the moisture from 
the beam.

(6) The increments of deflection are much more uniform in amount 
in the ease of kiln-dried beams.

It is, of course, impossible to maintain a beam in a kiln-dried state. 
As soon as it is exposed to the atmosphere, it at once commences to 
absorb moisture, and the absorption continues until there is an equili­
brium between the hygrométrie conditions of the beam and atmosphere. 
The beam is then in its normal state, and the experiments indicate that 
the increments of deflection, corresponding to this state, arc approxi­
mately uniform. The rate of absorption depends essentially upon the 
nature of the timber, and proceeds more slowly as the density increases. 
The weight of a central 2 inch slab of beam 30 (Spruce) increased 
3.6 per cent, in 24 days and 8.5 per cent, in 47 days.

The influence of moisture on the deflection of a beam was well illus­
trated in the case of 15 inch x 6 inch Douglas fir beam on 186 inch 
centres. On June 16th, 1895, it was placed in position and was loaded 
with a weight of 1000 lbs. at the centre, producing a deflection of 
071 inch. The daily observations, extending over several months
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showed a continually increasing deflection, until, by the evaporation of 
the moisture, the beam had attained ils normal state. The average 
deflection now remained constant, varying, for example, between .09 
inch on August 24th, and .082 inch on September 2nd, the greater 
deflection of course corresponding to an increase of moisture in the 
atmosphere. On the 4th of, September, the load was increased to 
2000 lbs., which produced a deflection of .127 inch. This load re­
mained on the beam until January 8th, 1896, the deflection during the 
same period varying between .129 inch and .114 inch.

Changes of temperature produced no appreciable effect upon the 
deflection, but its sensitiveness to the presence of moisture is shown by 
the following table of daily observations, taken at 12 p.m., from 
August to December.

UNDER A LOAD OF 1,000 LBS. DURING AUGUST.

Temp. Def. Remarks. Temp. Dot. Remarks. Temp. I>ef. Remarks.

72*6 .080 75*3 .089 Cloudy and show­
ery.

70"4 .085 Dull, cold and 
showery.

73°5 .080 74°9 .088 Cloudy. 70°0 .090 Continuous rain.
71*8 .081 74°0 .088 72-2 .089 Showery, then 

fine.
73*0 .083 75*9 .088 72‘5 .089 Fine.
75*0 .083 76*7 .0811 «« 7.V8 .089
74*4 .088 76‘4 .088 Stormy. 74°G .089
73*0 .087 78*3 .088 7l°3 .089 Dull and cool.
76"0 .087 73°5 .080 ** 7.75 .082 Fine.
75°8
74’9

.087

.088
72”0
70"8

.080

.085
Fine and showery 
Dull, cold anil 

showery.

74-9 .086 Showery.

UNDER A LOAD OF 2,000 LBS. DURING SEPTEMBER.

Temp. Def. Remarks. Temp. Def. Remarks. T Def. Remarks.

77*3 .127 71-0 .129 Cloudy and cold. 71*3 .126 Fine and warm.
76°9 .129 Cloudy. 68°75 .129 77°3 .120
60-2 .129 58-0 .125 71°5 .128 Fine, but cooler.
77*0 .129 Rain. 09-5 .120 Fine and warm. 71-0 .126 <«
75“8 .126 Fine and stormy. 66-0 .124 Fine and cold. 71*6 .128 Wet and stormy.
75-3 .126 Storm v. 69“4 .121 Fine and warm. 70°0 .128 Fine.
76*0 .129 Cloudy. 69-0 .125 67-1

65°8
.128
.126 “
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UNDER A LOAD OF 2000 LBS. DURING OCTOBER.

Temp. Def. Remarks. Temp. Def. Remarks. T.mp. Def. Remarks

65*0 .127 Dull, cold and 
showery.

Fine and warm.

75“0 .123 68°0 .118 Fine and cold.

68°0 .126 65°8 .123 Stormy. 68-0 .116 « «
68°5 .126 « « «« 64°3 .126 61-8 .119 Damp and cold.
66*2 .126 6G°0 .120 Fine and cold. 63-6 .116 Fine and cold an

.114
dry.

66*0 .126 f.0°4 .120 65-0
65"0 .126 « «« « 67°0 .122 65-0 .115
70‘0 .125 Dull and cold. 05°8 .120 68-0 .115

67M .125
Laby. heated.
Dull and cold. 
Laby. heated.

68e5 .120 " •• 69”0 .111 - «

60’0 .120
65°0 .120
66°2 .120 “ “

UNDER 2000 LBS. DURING NOVEMBER.

68-5 .115, Rain. 66*0 .120 Cloudv and cold. 62=0 .118 Cold.Laby.heated. 
Snow. “ “70"0 .114 Cloudy and cold. 69°0 .119 “ “ 66°0 .115

68-6 .114 Fine and cold. 68°5 .119 Fine and cold. 67°8 .120 Fine.
66-0 .115 « tt 69°0 .119 Rain. 60°0 .115 Snow.
67-8 .116 “ warm. 70°3 .119 Fine and warm. 67=6 .118 Rain and warm.
68-0 .115 u tt 63°7 .120 Fine. 69°7 .118 Cloudy & warm.
66-3 .120 Rain and warm. 

Laby. door open.
66=0 .120 Dull and wet. 69*0 .118 Fine and warm.

60°0 .120 a a it 67°6 .120 Rain and warm. 69=3 .118 Fine.
53-0
67-0
58-0

.120

.122

.120

Continuous rain. 
Snow & freezing. 
Cloudy and cold.

f>8°0
fi9°0

.120

.120
Cloudy and warm 
Snow and cold.

70=0 .115 Fine and cold.

UNDER 2000 LBS. DURING DECEMBER.

Temp. Def. Remarks. Temp. Def. Remarks. Temp. Def. Remarks.

G0°0 .115 Fine and cold. 62=6 .115 Fine and cold. 66°6 .116 Warm and dul
62=5 .116 Snowstorm. 62°5 .114 «4 « 66-0 .115 fine.
64=5 .115 Fine and cold. 65°3 .114 69°8 .120 Dull and coole
61=0 .114 a tt 58=0 .114 tt it 64-0 .120
68°0 .116 it it 67=0 .114 Warm and rain. 64-6 .120
62=5 .116 Snow and milder 67°0 .115 it it 63”0 .120 warn
61=5 .115 (i it 67-4 .115 u tt 64-5 .120
6.1=0 .116 “ fine. 67-9 .115 Warm and fine. 65-0 .120
62=3 .116 Fine and cold.
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Rtmarkt on /.—It will be observed that of the 20 non-kiln dried 
beams, 11 failed by erippliog on the compression side, 6 foiled by 
longitudinal shear, and 3 hemlock beams only failed by the fracture 
on the tension side. The experiments on the direct tensile and com­
pressive strength of the timbers show that this is precisely what might 
be expected to take place. In every case the direct tensile strength is 
very much greater than the direct compressive strength, and failure by 
crippling is likely to take place under a load much less than the 
material could bear in tension. Under all oircumstanoes, therefore, in 
practioe it is advisable to place a beam so that the portion of the tim­
ber which is strongest and in the best condition should be in compres­
sion. Again, the experiments conclusively show that kiln-drying 
enormously increases the direct compressive strength, but greatly 
diminishes the shearing strength, while the direct tensile strength does 
not appear to be much affected, although in the majority of cases it 
was diminished, and sometimes considerably.

The large increase of strength in compression due to kiln-drying 
might have been naturally expected, as in the process of drying the 
walls of the cells are stiffened and hardened, and thus become better 
able to resist a compressive force. The walls, however, are at the same 
time much more brittle, and it is possible that a sudden blow might 
cause the failure of a kiln-dried column, which would have remained 
uninjured had the moisture not been eliminated. It may also bo of 
interest to note that in the re-tests of specimens after the injured por­
tion had been removed, the compressive strength was, almost without 
exception, increased.

Hence, by kiln-drying a beam its compressive strength is made to 
approximate more closely to its tensile strength, and its transverse 
strength is consequently sometimes considerably increased. It must 
be remembered, however, that this kiln-drying invariably largely 
diminishes the shearing strength, and therefore proportionately increases 
the tendency to shear longitudinally. Thus, of the nine kiln-dried 
beams in the preceding tables, only one failed by crippling, while four 
failed by fracture on the tensile side and four failed by longitudinal 
shear. Indeed, generally speaking, kMn-dried beams will fail either 
by a tensile fracture or by a longitudinal shear, and this result has 
been further verified by experiments subsequent to those referred to in 
the present Paper.

In practice, of course, beams cannot be maintained in a kiln-dried 
state, but they rapidly pass into the normal slate. The question of



White Pin», Bed Pine, Hemlock and Spruce. 251

how far it is desirable to eliminate the moisture depends essentially on 
the balance to be maintained between the tensile, shearing and com­
pressive strengths, and a beam should always be placed so as to exert 
its relative strengths to the best advantage. Kiln-drying, unless some 
special method of prevention is adopted, develops shakes in the timber 
and causes existing shakes to become more pronounced. Some of 
these shakes often extend to a great depth and run the whole length 
of the beam, so that it not infrequently happens that only a slight 
layer is left to hold the beam together. Such a beam, although other­
wise sound and dear, offers very little resistance to longitudinal shear, 
and might more justly be regarded as being made up of two or more 
superposed beams.



DISCUSSION.

Prof. Bovey.

Mr. Petenon.

Prof. C. B.
Smith.

Prof. Bovey.

Mr. Irwin.

Mr. Peterson.

Professor Bovey stated that the direct tensile strength of timber 
was much greater in every case than the direct compressive strength, 
and for that reason, as his experiments shewed, it was always best and 
safer to put the best side of the timber in compression.

Mr. Peterson said that, while Prof. Bovey's tests indicated that 
the failure usually took place on the compression side, he found that 
in actual practice the timber invariably failed ot the tension side. 
And that it was a well reoogniied rule on railways to put the good 
side of the stringer on the bottom, that is, if a stringer had a large knot, 
or any other imperfection in or near one side of its greatest dimen­
sion, that side was always put up so as to be in compression ; and 
failures of stringers were generally found to be the result of this rule 
being neglected and the side of the stringer with a knot or other im­
perfection having been put on the bottom.

Prof. C. B. Smith said, incipient failure having occurred on the 
compressive side, the neutral axis probably shifted its position and 
threw an additional strain in tension.

Prof. Bovey—A beam which had apparently failed on the tension 
side, had in reality been first weakened by the crippling in compres­
sion (which is not always visible), and this threw an additional strain 
in the tension side, which thereupon ruptured first. He also pointed 
out that no two pieces of timber gave the same results ; they varied 
greatly ; e.g., if you cut a piece of timber into three parts longitu­
dinally, you would find they varied largely as far as strength is con­
cerned.

Mr. Irwin pointed out that, after a stick of timber had failed on the 
part injured in compression, if the distortion were not too great, it would 
apparently return to its original condition, so os to escape observation 
i asily and to look as if the rupture took place on the tension side.

Mr. Peterson speaking of bridge trusses said that he had never 
known the top chord to fail, and that it was not nearly so liable to do 
so as the bottom chord, and that this did not coincide with the experi­
ments made.
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Prof. Bovey replied that the cates of a bridge truss and a beam pr0f. Bovej, 
were not parallel, and that the lop chord of a bridge truss was subject 
to direct compressive strains very different from those in a beam under 
a transverse load.

Mb. Ddqgan said that a bridge truss never failed in the solid, but Mr. t niggic. 
only in the joints, these being the weakest points.

The Ditcuuion continued Dec. 9th, 1897.

Prof. C. B. Smith said that the paper contained one or two fea-Prof-c- |ml| 
turcs which should be of special interest to the society. He reminded 
those present that the last time Prof. Bovey wrote on this subject 
his paper was very severely criticized, particularly by American 
testing experts, because he had not actually determined the moisture 
and its influence on the strength of timber, and they thought that 
because he had not done so his tests were of little value. But their 
experiments had been chiefly on the compressive strength of timber, 
which was certiinly increased by lowering the percentage of moisture, 
while on the other hand the tensile and shearing strengths were 
reduced by abstracting moisture, and cross-bending strength being a 
combination of all these was sometimes made greater and sometimes 
less according to which strength was deficient in a special kind of 
timber. So that the abstracting of moisture, besides being difficult to 
obtain in practice, was of less value than had been supposed. Be­
sides this, once a timber was fairly well seasoned the percentage of 
moisture varied very slowly under natural treatment, being chiefly a 
surface effcot and not penetrating to any extent ; and, being less as the 
timber was denser, Professor Bovey’s paper must be considered a very 
valuable addition to our literature on the testing of large sized timbers- 
The other point of interest which Professor Smith mentioned was 
the subject of the flexure theory. It seemed a pity to be dependent 
on a theory which was so unsatisfactory, and he emphasized the fact 
that it was more correct to assume that the distance of the so- 
called neutral surface from the tension and compression faces was in­
versely proportional to the tensile and compressive strengths of the beam.
This assumption he said had been used in some of their experiments at 
McGill with results more nearly in accordance with what might be ex­
pected than if the ordinary flexure formula had been applied.

Mr. Irwin said that there was no doubt at all about the first point Mr. Irwin, 
in Prof. Smith’s remarks as to moisture, and that he considered Prof.
Bovey’s tests to be very carefully made. But he thought that the mnthe-
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matioal theory of flexure as defined long ago was so absolutely correct 
as to be indisputable, and he very much disliked to hear it attache l 
os being unsatisfactory.

' smith. Prof. O. B. Smith asked how then was the fact to be accounted 
for that this theory frequently produced results that were contrary to 
experience.

Mr. Irwin. Mr Irw.n replied that such could not be the case if the theory 
were properly applied. The trouble was not in the theory but in the 
application of the theory. The theory, he said, was based on three 
assumptions that could be proved step by step mathematically, without 
any flaw in the process'. If certain assumptions were made and from 
these a theory was deduced, and there could be no flaw in the reasoning 
which deduced that theory, then did it not follow that the theory was 
correct ?

Prof'C- sinith. Prof. Smith said this was so only if the assumptions were correct. 
He asked what the three assumptions were.

Mr. Irwin. Mr. Irwin replied that he thought they were to be found in Euler’s 
theory if flexures as follows :—

1. Any plane section remains a plane after bending.
2. The elongation on compression varies directly according to the 

stress.
3. The material in question is homogenous.
Any theory based on these three assumptions was absolutely 

and rigidly correct, but then there were cases where the theory 
could not possibly bo applied, since the assumptions would not hold 
good in regard to them. It would not apply directly the point of 
elasticity had been passed. The consideration of the material did not 
enter into the theory, but only the assumptions in regard to it. And 
though Mr. Irwin held that the theory was absolutely correct, ho did 
not think it could be applied rigidly to the material in question since i t 
was not at all homogenous. But, if the theory could be applied to the 
material, it would be found to work out correctly. With regard to cast 
iron, the high existing stresses after the ousting should be borne in 
mind.

Pro,‘c’ simth. Prof. Smith asked if it would not be well to work on some theory 
which could be applied to material which dots exist. He also pointed 
out that Professor Bovey in his Paper had not stated tha t the theory 
was incorrect but that it was unsatisfactory as regards *:mber. He 
then proceeded to explain the theory of horizontal stresses at the centre
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section of a beam subjected to vertical loads producing cross bending as 
given in Johnson's “ Modern Frame Structures ", which had in turn been 
derived from Saint Venant and other European mathematicians, vis. :—
That the stress after the elastic limit was passed varied similarly in 
intensity to the direct compressive and tensile stress strain diagram 
curves, and that the area of those portions of the diagrams used must 
evidently be equal to each other. This, he said, gave a ready means 
of determining the position of the neutral surface when we constructed 
normal direct stress strain curves and cut off equal areas.

Mr. Irwin was quite willing to concede that there was a neutral Mr. irwtn 
axis in a homogenous material, but would not accept the shape of Mr.
Smith’s stress strain areas, as no one knew how the stress was dis­
tributed, and ho said that, while he considered Prof. Bovey’s tests very 
valuable and most useful as practical tests which involved a vast 
amount of work, yet he maintained that the theory of flexure was cor­
rect. And, in sifting the subject out after a former Paper by Prof.
Bovcy, he had pointed out in a discussion (which had not been printed 
along with the rest of the discussions on that subject) that the dis­
crepancy between the skin stress of material calculated from transverse 
bending tests and the stress front direct breaking varied according to 
the relative depth of the beams. This was to be accounted for by local 
pressure, and better results might bo obtained by placing the beams on 
their sides in testing them transversely in order to avoid as far as pos­
sible excessive local compression at the centre.



Thursday, 9th December.

John Kennedy, Past President, in the Chair.

A special general meeting of the Society was held to approve of the 
proposal of Council to lease certain rooms recently added to the build­
ing, the furnishing thereof, and other arrangements in connection 
therewith. It was resolved that the rooms should be leased as recom­
mended by Council, and that the sum of $510.00 should be appropriated 
for furnishing and providing addition to bookshelves.

A discussion took place as to arrangements in connection with the 
Annual Meeting,andaoommittce was appointed in connection therewith.

Messrs. E. S. M. Lovelace and F. P. Shearwood having been appointed 
Scrutineers of the Ballot, declared the following elected :

Members.

Gustavus Adolphus Bernasconi, Alexander Forrester Stewart.

Associate Members.

George Forester Hannixo, Nathaniel Hanson Green,
Joseph Abraham Marion, Angus Matheson Stewart.

Students.

Elias John Boswell, Casimir Stanislaus Gzowsei.
William M. MoPhail.

Transferred from the class of Associate Member to class of Member:

Noel Edghill Brooes, James Milne,
Gut Cramp Bell Dunn, Alex. Bell Boss.

Transferred from the class of Student to class of Associate Member :

Victor Frederice William Forneret.

Thursday, 23rd December.

G. H. Duggan, Vice-President, in the Chair.

In view of the small attendance, no paper was read, and the meeting 
was adjourned at an early hour.



Thursday, 6th January, 1898.

H. Irwin, Member of Council, in the Chair.

Paper No. 194.

SEWAGE DISPOSAL BY SUBSOIL IRRIGATION.

By E. Mohdn, M.Can.Soo.C.E.

In October, 1894, the author received instructions from the Hon. the 
Chief Commissioner of Lands and Works to devise some means for 
disposing of the sewage of Government House, at Victoria, B. C., and 
though the work undertaken is but on a small scale, he trusts that it 
may prove of interest to some of the members.

..-'kiTCNIN 6AS01S
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It was found that the sewage of the building had been disposed of 
by the simple expedient of running a 6 in. pipe across a field and dis­
charging into the street ditch, thereby creating an intolerable nui­
sance.

The Sewerage System of the city had not been extended in that 
direction, and to make connection with the nearest point it would have 
been necessary to construct a sewer about 3,600 ft. long, nearly all the 
trenching for which would have been through solid rook.

The contour of the ground being adapted to the purpose, it was 
decided to dispose of the sewage by subsoil irrigation. Reference to 
the books of the Water Department showed that the house consump­
tion as taken by metre was remarkably small, frequently not exceeding 
300 gallons a day.

The only pipes available were 6 inch circular drain pipes, T pipes and 
3 inch circular drain tiles. At a convenient point in the field the old 
sewer was cut (Fig. 1) and an automatic flush tank built, from which 
the sewage passed down a tight 6 inch conductor to the inlet ends of 
the 3 inch drain tiles shown in the dotted lines.

In laying the drain tiles the following method was adopted. Contour 
lines having been set out with the level and the trench cut along them, 
bricks were laid with a carpenter’s level, 8 ft. long, so as to form level 
and solid bearings beneath the ends of the drain tiles (Fig. 2), laid 
upon them.

Fig. 2

The connection with the 6 inch conductors was made by turning 
down a 4 x 6 T, and making connection with the drain tile by means 
of a galvanised iron taper. The ends of all the drain tiles are provided 
with air vents, v, v, made by galvanised iron, and connected with the 
drain by quarter bends.

The area irrigated is nearly one acre, .and it has not been found 
necessary to underdrain, as the whole of the'discharge appears to be 
absorbed by the earth.

The total length of the drain tiles is 1,463 feet, and the upper surfaces 
of the tiles are from 10 to 12 inches below the ground surface. 
Their alignment is marked on the ground by lettered stakes.

The flush tank is provided with an C screen mesh, divided into 
three compartments by weirs ; into, the first the sewage discharges
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directly through the old pipe ; ns the screen becomes clogged with paper 
it overflows into the second compartment and similarly into the third. 
It has not been found necessary for the scavenger to clear the screen 
oftener than once in six weeks, though for other reasons it is done 
once a month.

No offensive smell can be detected cither at the flush tank or on the 
lines of pipes, nor is there any indication of excrement sodden soil.

The gardener states that the ground never before produced vegetables 
equal to those of the present year.

The ground to the north-west is considerably higher than the field 
and garden, and is very rocky. Shortly after the completion of the 
work, snow fell, and within a few hours a rapid thaw took place,’accom­
panied by heavy rain, the water actually running over the surface in n 
sheet. Under the circumstances the tile drains became surcharged, 
and when the rush from the flush tank took place it can hardly>bc con­
sidered wonderful if three or four of the tiles were broken. They’were 
of course easily replaced, and a similar occurrence guardedjagninst by 
cutting an intercepting ditch across the field to lead the surface water 
into the street ditch.

An object sought to be arrived at was to so proportion the tank that 
each discharge would fill all the drains, practically, simultaneously.

The cost of labour was high, a good deal of rock being met with in 
laying the 6 inch conductor.

The work was performed by day labour under the author's instructions 
and its cost was

Material.................................... $255 68
Labor, engineering, etc............ 244.30

$499.98

It may be added that the estimate furnished the Government was 
$500, and the close result may be denominated a fluke.

a



ABSTRACTS.
100 FEET STANDARD OF LENGTH OF BOSTON 

WATERWORKS.

By Chas. W. Sherman,

(Journal of Association of Engineering Societies, April, 1897.)

This paper describes the setting up and standardising of a 100 feet 
bar. A steel bar J X 1 inch in cross section and 105 feet long, rolled 
in one piece, was obtained from the Crescent Steel Company, of Pitts­
burg, Pa. The bar was placed upon a stiff wooden bench with hinged 
cover along the side of an open shed and rested on composition rollers 
t®* in diameter and spaced one foot apart. The bar and rollers are 
enclosed on each side by a strip of $' planking. Holes §" in 
diameter and ^ deep and 10 feet apart were drilled in the bar, 
and discs of silver hammered into them. The bar was graduated from 
two steel tapes, the errors of which had been determined by the United 
States Coast Survey. A straight line was lightly marked along the 
discs with the aid of a transit, and the end graduations of one of the 
tapes lightly transferred to the bar. The tapes and the cords of the 
tension weights passed over circular surfaces having a common centre, 
so that the lover arms and the tension would be the same in any posi­
tion of the tension apparatus. The length on the bar was compared 
with the tapes in a set of sixteen series, each scries usually consisting of 
twenty obsei valions. Two observers were required ; one to set the xero 
of the tape coincident with the aero of the bar, which was done by the aid 
of a set screw and common magnifying glass, and the other to road off' 
the discrepancy by means of an engineer’s scale with fifty divisions to 
the inch. Reliable readings to .002’ were claimed. The settings and 
readings were made for each observation separately ; personal equation 
was eliminated by changing the positions of the observers after each 
five observations, and the effect of friction between the tape and the bar 
was tested and found to be inappreciable. Thermometers were placed 
with their bulbs in contact with the bar and about seventeen feet apart, 
the mean of the readings giving an approximation of the temperature
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of the bar. As the assumption was made that the bar and tapes have 
the same ooefficieot of expansion, the temperatures do not affect the 
result.

A temperature curve was plotted and used in weighting the observa­
tions, and the result was finally reduced bythe method of least squares ; 
the errors of the standard tapes being taken into consideration at 
the same time. The correction to the bar was found and laid off on the bar 
from the light, preliminary graduations. The permanent graduations 
were made by marking the silver with a centre punch and rubbing down 
the surface until only a fine point was left. The subdivision marks were 
laid off by dividing the 100 feet into ten equal parts by beam com­
passes, and wore afterwards tested by comparison with every ten foot 
length of each tape and their corrections then reduced. The coefficient 
of expansion of the bar was deduced as .000000397 per degree Pahr., 
a correction being made for the difference of temperature between the 
upper and lower sides of the bars and the expansion being measured 
by aid of a transit set up on a line at right angles to the tape. The 
errors of several steel tapes as tested on the bar are given, and the 
discussion relates the various other standards of length that have been 
used in Boston.

J. G. K.

THE MANUFACTURE AND USE OF SAND CEMENT.

(Engineering News, Vol. XXXV., April 16th, 1896.)

This editorial cites the increased use of this material in Europe, and 
particularly in Denmark (where it was invented), during the past five 
years, and states that it has been tested by several American En­
gineers, with satisfactory results, and Inis been used in the proportions 
(1 to 1) to 3, in the concrete for the foundations of St. John’s Cathedral, 
New York, in which 3,000 yards were used, and in.other places.

The advantages claimed for the material arc, that where great 
strength is not required, mortars will be more dense, stronger and 
will work more smoothly on the trowel, in which a portion of the sand 
has been ground together with the cement, before use in the mortar. 
Another claim is that the cheaper grades will replace lime mortar in 
plastering, as it will set and dry quicker, and also, again, that in dock 
walls a very dense concrete can be produced which will prevent th : 
destructive percolation of sea water.
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Tests made at St John’s Cathedral foundations gave the following 
results in compression :—

(1) concrete (1 to 1) sand cement )
2 sand s
3 gravel )

1 1 week—2,141 lbs. per sq, in. 
■! 2 weeks—2,312 lbs. persq. in. 
[ 4 weeks—2,588 lbs.persq.in.

(2)

(3)

Sand cement
llortar. (1 to 1) sand cement. 

3 sand.

Portland cement. 1 cement.
Mortar (average of 1,600 bbls.)

3 sand

j
!

1 week’s tension 156 lbs.
2 weeks' tension 188 lbs. 
4 weeks’ tension 200 lbs.

1 week’s tension 137 lb".
2 weeks’ tension 170 lbs. 
4 weeks’ tension 179 ivs.

The article concludes with a description of the plant at Glen Falls, 
N. Y., where tube mills and flint pebble balls are used in grinding, 
and a statement, that the American sand-cement output is ground 
very fine (5 per cent, residue on 180 mesh sieve), the tests will show 
higher results than those in the table which is added, giving tests made 
in Europe on sand cement mortars of various proportions.

The usual proportions in America are (1 to 1) and (1 to 6), the for­
mer competing with Portland cement and the latter with lime.

N.B.—A (1 to 1) sand cement, for instance, is a material composed 
of one part Portland cement and one part of Silica sand, ground 
together.

C. B. S.

EXTRACT FROM EUROPEAN TESTS 

On Sand Cement Mortars.

Tensile strength per square inch (water). Compressive strength per square 
inch (water).

Mortar. 1 wk. 
lbs. 4 wke. 3 mo'. 6 mos. 1 year. 1 wk. 4 wks. 3 mos. 6 mos. l year.

(1 to 2) to 2 142 242 299 384 400 1,080 1,795 2,148 2,578 3,365
(1 to 3) to 2 114 1H5 228 271 326 497 1,080 1,637 2,008 2,485
(1 to 6) to 2 57 114 156 220 200 381 667 1,050
11 to .2) to 2 43 114 128 157 142 171 384 726 796 866
(1 to 24) to 2 28 67 57 57 67 128 270 370 370 383
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TESTS ON SAND CEMENT 

At the McGill College Laboratories.

(a) (1) Iron clad brand Glen Falls (1) Sand
Tension. Compression.

1 week 4 weeks 1 week 4 weeks

Neat 475 602 3380 4650
(1 1.11) to 3 73 105 pressed
(I h.l) to 3 185 rammed 1060 1126 rammed.

Blowing test good, Residue 1.5 per cent, on No. 100 sieve.

(5) (1) Aalborg, Denmark 1 Sand (Cathedral brand).
(1 loi) loi 279 8M 1375 2012
(1 to 1) to 3 44 66 300

This is from a barrel which was supposed to be damaged. 
Residue 1.2 per cent, on No. 120 sieve. 0.7 per cent, on 100 sieve. 

“ 18.0 per cent. “ 180 sieve.

(c) (1) Star (Kathbun) 1 Sand (Ensign brand). 
Neat 4 months 800 lbs.

1 week 2 weeks 1 week
(1 to 1) to 3 66 95 pressed
(1 to 1) to 3 183 192 rammed

Residue 0.6 per cent, on 100 sieve.
« 1.0 «• 120 “

2 weeks.
400 pressed 
880 rammed

(1) Star (Rathbun) 6 Sand (Jubilee Brand).
Neat

1 week
4 months, 340 lbs.
2 weeks 1 week 2 week®.

(1 io 6) to 1 213 230 pressed 1350 pressed
(1 t > 6) to l 242 292 rammed 2112 rammed
(1 to 6) to 2 184 215 rammed 1225 rammed

0.3 per cent. Residue on No. 100 sieve. 
1*3 percent. ** “ 120 “

(1) Star (Rathbun) 1 Sand (Citadel brand).
Tension

Neat (1 to 1) 
(1 to 1) to 3

1 week 
332 
135

4 weeks 
475
141 rammed

Compression. 
1 week 
1800 (?)
470

4 weeks.
3837
687 rammed.

0.2 per cent. Residue on 100 sieve. 
0.5 per cent. “ “ 120 “

C. B. S.
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SOME EXPERIMENTS ON THE CONDENSATION OF 
STEAM.

A yew Ap],arafui for Studying the llateof CcnJenmtion of Steam on 
a Metal Surface at Different Temperaturet and l'reisuret.

By H. L. Callendab, M.A., F.R.S., Professor of Pliysics, ar.d J.
T. Nicolson, B.Sc., Professor of Mechanical Engineering of Mc­

Gill University, Montreal.

Part I.

As the result of seme experiments by clcctrial methods on the measure­
ment of the temperature changes of the walls and steam in the cylin­
der of a working steam-engine, which were made at the McDonald 
Engineciing Building of McGill University in the summer of 1895, the 
authors arrived at the conclusion that the well-known phenomena of 
cylinder condensation could be explained, and the amount of conden­
sation in many cases predicted from a knowledge of the indicator card on 
the hypothesis that the rate of c< ndensation of steam, though very great, 
was not infinite but finite and measurable. An account of these experi­
ments was communicated to the Institution of Civil Engineers in Sep­
tember, 1896, and will, it is hoped, be published in the course of the 
ensuing session. In the meantime, the authors have endeavoured to 
measure the rate of condensation of steam under different condith ns 
by a new and entirely different method, with a view to verify the re­
sults of their previous work, and also to estimate the influence, if any, 
of the film of water adhering to the walls of the cylinder.

In considering the condensation of steam on a metal surface it is 
usually assumed that the surface exposed to the steam is raised up to 
the saturation temperature corresponding to the pressure of the steam, 
and that the amount of condensation is limited by the resistance of the 
water films to the passage of heat fr< m the steam to the metal and from 
the metal to the water. If the steam cod tains air, there may also be a 
considerable resistance due to the accumulation of a film of air on the 
surface, but it is comparatively easy to exclude this possibility in 
experimental work.

In the steam-engine experiments above referred to, it was practi­
cally certain that the water film due to the cyclical condensation never 
exceeded one thousandth of an inch in thickness, and that the resis­
tance offered by it was unimportant. At the same time, it appeared
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clear that the temperature of the surface of the metal at its highest was 
considerably below the saturation temperature of the steam ; a condi­
tion which could only be explained by supposing the rate of condensa­
tion of steam on a surface to be limited by some physical property of 
steam itself, apart from the resistance of the condensed film of water. 
Interpreted in this manner, the experiments led at once to the conclu 
sion that the rate of condensation at any moment was simply propor­
tional to the difference of temperature between the saturated steam and 
the surface on which it was condensing.

WATl* OUTLET



266 Abstracts.

The limit thus found was shown to bo oapalle of explaining many 
of the phenomena of cylinder condensation in a rational manner ; but 
the method by which it was established was of an indirect and some­
what intricate character, and appeared to require some simple and more 
direct confirmation.

If the rate of condensation of steam were really infinite, it should 
be possible by a suitable modification of the surface-condenser method 
to obtain values of the condensation considerably in excess of those 
given by the formula deduced from the temperature cycle observations.

To accomplish this, it is necessary to eliminate as completely os 
possible the resistance to the passage of heat through the water films 
between the steam and the metal, and between the metal and thecircula- 
tiug water, and at the same time to measure as accurately as possible 
the temperature of the metal.

These considerations led to the form of apparatus shown in the 
figure. The resistance to the passage of heal from the metal to the 
condensing water in this apparatus is practically eliminated by employ­
ing a thick cylinder, 6 in. diameter and 2 ft. long, with a screw 
thread cut on its outer surface. Water from the high pressure mains 
is forced to circulate round this surface with a very high velocity in 
the narrow space between the cylinder and the surrounding tube. In 
this manner it is possible to obtain a very uniform temperature fur the 
external surface differing but little from that of the circulating water.

If the cylinder is made sufficiently thick, its temperature may be 
approximately determined at any depth by inserting mercury ther­
mometers. In was intended at first to use thermo-couples for this pur­
pose, but the apparatus in this form would have been unsuitable for 
students’ use in the ordinary course of laboratory work, which was one 
of the primary objects in view in the construction. It would also have 
been desirable to make the cylinder of nearly pure copper, which would 
have reduced the resistance of the metal to the lowest point. The 
authors were compelled, however, to content themselves for the time 
with cylinders of cast iron and of mild steel.

The internal surface of the cylinder, upon which the steam was 
condensed, was a hole 1 in. diameter, drilled in the solid metal. In 
order, as far as possible, to minimise the resistance of the surface film 
of condensed water, a revolving brush was constructed of very thin 
strips of steel to wipe the surface five or six times a second. This 
wiper was found to wear in a very short time to so perfect a fit and 
the water film must have been so energetically stirred that its rosis-
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lance to the passage of heat must have been far less than that of the 
best conducting metal.

Under these conditions, if the rate of condensation of steam were 
infinite, itshould have been possible to obtain a rate of condensation many 
times greater than the limit deduced from the cylinder-condensation 
experiments above mentioned, where there was some small film present.

On making the experiment, however, it was found that the wiper 
made very little difference to the amount of condensation. With the 
wiper revolving at the rate of 160 per minute, the condensation was 
increased by about 5 per cent, on the average of several experiments. 
It may be concluded from this that the drops of condensed water with 
which the surface is partially covered are in such rapid motion that 
they do not appreciably obstruct the passage of heat from the steam to 
the met il. A film of the same average thickness, if it were absolutely 
quiescent, and if its conductivity, as generally estimated, were only 
onc-hundreth of that of cast iron, would no doubt prove a serious ob­
stacle ; but, as a matter of fact, the viscosity of water at these tempera­
tures is so small, and the motion so rapid, that the drops cannot be 
treated as a quiescent film.

The temperature at various distances from the inner surface of 
the cylinder was determined by means of mercury thermometers in 
sorted to a depth of 8 in. or 9 in. in holes drilled parallel to the axis. 
From the temperatures so observed the conductivity of the metal and 
the temperatures of its inner and outer surfaces could be approxi­
mately inferred. It was found, however, that the presence of the holes 
interfered materially with the flow of heat through the metal, and that 
the readings of the thermometer under these conditions were not alto­
gether trustworthy.

From a number of observations on the cast-iron cylinder a conduc­
tivity of 5.5 thermal units Faltr. per square foot per minute per deg. 
Fahr. per inch was deduced, a result which agrees very closely with 
the authors’ previous determination by a different method. For the 
steel cylinder a conductivity of 5.8 was similarly deduced. These re­
sults apply to a mean temperature of about 140 deg. Faltr., and are 
much lower than the values generally assumed for iron.

In ordei to verify the previous result as to the rate of condensation 
of steam derived from the steam engine experiments, the temperature 
of the inner surface of the metal was calculated on the assumption of a 
rule of condensation equivalent to 0.74 thermal unit Fahr. per second 
per square foot per deg. Fahr. difference of temperature. The values
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so found agreed with the observed temperatures within the limits f 
error of the observations. Owing to the inferior conductivity of the 
iron the test was not absolutely conclusive, as the difference of temper­
ature between the steam and the surface rarely amounted to as much 
as 30 deg. With a cylinder of pure copper, and thermo-couples for 
determining the temperature at a given depth, it should bo possible to 
obtain a more certain confirmation by this method.

In performing the experiments, a number of variations in points 
of detail were introduced from time to time. The flow of the circula­
ting water was varied in velocity, and directed in different ways. In 
order to secure uniformity in the distribution of temperature measured 
in different directions from the centre, the spiral circulation was found 
to be essential. In the second apparatus the screw thread was at first 
replaced by a baffle-plate, which was intended to direct the water into 
a spiral course, but the results found were unsatisfactory.

In some cases steam was admitted from the top of the apparatus, 
and in other cases from the bottom. With the steam supply at the 
bottom, it was found that condensed water refused to drain down the 
vertical 1-in. tube in opposition to the cut rent of steam, although the 
maximum velocity of the steam could not have exceeded 10 ft. per 
second.

The following set of observations, each of which represents the 
mean of several taken on similar conditions, will sufficiently indicate 
the general nature of the results.

Condensation Results Summary. Mild Steel Bar. Wiper Removed.
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The temperatures of the metal at distances of 1 in., 1.5 in., and 2 
in. from the axis of the bar were observed by means of mercury thermo­
meters, which were very carefully centred by small iron washers in holes
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filled with mercury. The hole fitting the bulb of the thermometer was 
i*« in. in diameter. The other holes were A in.

It will be observed that in this particular set of expérimenta the 
temperatures at 1 in. in the metal, when calculated to agree with 
the assumed rate of condensation, are all too low as compared with 
those observed, whereas the temperatures similarly calculated at 15 
in. are all too high. This might at first sight appear to indicate a very 
rapid diminution of the oonduotivity with rise of temperature; but 
after making various tests the cffcot was traced partly to the disturb­
ance of the heat flow caused by the presence of the holes, and partly to 
differences of density of the bar in directions at right angles. TH 
latter differences were not observable in the case of the cast iron.

The observations taken at different pressures do not indicate any 
marked difference in the rate of condensation per degree second. These 
results, so far as they go, arc in agreement with the authors’ previous 
work, but they hope to be able to obtain more conclusive evidence.

An Electrical Method of Measuring the Temperature of a Metal 
Surface on which Steam is Condensing.

By H. L. Cai-lendab, M.A., F.R.S., Professor of Physics, McGill 
University, Montreal.

Part It.
The object of the following experiments, which were made at the 

McDonald Physics Building with a different apparatus, was the mea­
surement of the temperature of the metal surface itself by a more direct 
and accurate method. It was also desired to verify as exactly as pos­
sible whether the rate of condcnsalion of steam at atmospheric pressure 
was the same as at the higher temperatures and pressures at which 
most of the preceding experiments were made.

The condenser used for these experiments was a very'thin plati­
num tube, i in. in diameter and 16 in. long. The thickness of the 
tube was only six thousandths of an inch, and the greatest difference 
of temierature between its inner and outer surfaces at the maximum 
rats of condensation observed in the experiments could not have been 
greater than £ deg. Cent.

The mean temperature of the metal itself was determined in each 
case by measuring the electrical resistance of that portion of the tube
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on whtcn the steam was condensing. The author has had considerable 
experience in the employment of this method, which, moreover, is very 
easily applied if suitable apparatus is avail able.

The platinum tube was enclosed in an outer tube of brass or glass, 
and steam was admitted to the space between the two tubes. A steady 
current of condensing water was maintained through the platinum 
tube. The amount of condensation could be inferred by measuring the 
flow of water, and observing the difference of temperature between the 
inflow and the outflow. In many cases the condensed water was also 
measured. Applying a small correction for radiation, the two methods 
always agreed within one-half of 1 per cent. The pressure of the 
steam in the outer tube, which was never far from the atmospheric, was 
observed by moans of a mercury column.

The conditions of the experiment as to flow of water and steam, 
site and length of the external tube, etc., could be varied within certain 
limits. The following is a summary of the more interesting results 
obtained :

1. With a short length of condenser and a very free escape of 
steam, the condensation observed was equivalent to 22.2 thermal units 
Falir. per square foot per second, for a difference of temperature of 
28.5 deg. Fahr. between the steam and the metal surface. This is 
equivalent to a rate of condensation of 0.78 thermal unit Fahr. per 
degree second, reckoned per square foot of the surface of the metal. 
This was the smallest value of the rate observed. The platinum tube 
was vertical, and the current of steam downwards, conditions which 
tended to keep the surface of the metal comparatively clear of con­
densed water.

2. With the same conditions, but with a length of tube nearly 
twice as great exposed to the steam, the condensation observed was 
22.3 thermal units Fahr. per square foot per second, for a difference of 
temperature of 25.3 deg. Fahr. This gives a rate of 0.88 per degree 
second. The lower half of the tube was more thickly covered with 
water than the upper half, the steam also was full of flying spray, which 
may have assisted in conveying heat to the metal, and in maintaining 
the same rate of condensation on the lower half of the tube as on the 
upper half, in spite of the somewhat higher temperature of the circula­
ting water in the lower half.

3. With the same arrangement, but with the steam current reversed 
and reduced until the escape was as gentle as possible consistently 
with keeping the tube full of steam and entirely excluding air, a some-
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what larger rate of condensation was observed, namely, 23.6 thermal 
units Fahr. per square foot per second. The pressure throughout the 
tube was very nearly atmospheric, and the gentle upward current of 
steam tended to keep the tube very thickly covered with drops and 
rivulets of water. The difference of temperature was only 22.0 deg. 
Fahr., giving a rate of condensation of 1.07 theimai units Fahr. per 
degree second. This is equivalent to 2.25 watts (joules per second) 
per square centimeter per 1 degree Cent, and was the largest value 
observed throughout the work. It would appear probable that the sur­
face exposed by the drops is so much greater (in the present instance 
about twice as great) than the surface of metal, and the drops themselves 
are in such rapid motion, that the increase of surface, by facilitating 
condensation, more than compensates for any resistance which the water 
film may offer to the passage of heat to the metal.

4. To verify this view the outer glass tube was replaced by a much 
smaller lube so as to leave very little space for the steam current. The 
pressure of the steam was thus raised to nearly 4 in. of mercury above 
the atmospheric at the entrance of the tube, and the surface of the 
platinum was violently scoured by a spiral rush of steam and spray. 
Under these conditions the condensation observed was reduced to 19.2 
thermal units Fahr. per sq. ft. per second, instead of being incieascd 
as might naturally have been expected with so strong a current of 
steam. The effect of the energetic scouring of the metal surface was 
showu by a slight rise of temperature of the metal as compared with 
previous experiments. The observed difference of temperature between 
the metal and the steam in this case was 19.8 degrees Fahr., giving a 
rate of condensation of 0.97 thermal unit Fahr. per degree per second.

From the e and similar observations in which the conditions of 
the experiments were varied to a certain extent in points of detail, it 
may be concluded that the presence of water on a metal surface may 
tend to increase rather than diminish the amount of condensation. The 
rate of condensation of steam at 212 deg. Fahr., allowing for the fact 
that in these experiments the surface was unduly increased by the pre­
sence and the motion of the water drops, would appear to be at least of 
the same order of magnitude as the value deduced from experimouts 
on the cyclical condensation in the cylinder of a working steam engine, 
in which the temperature of condensation varied from 290 degrees to 330 
degrees Fahr., and the rate deduced was 0.74 thermal unit Fahr. per 
square it. per degree per second. Since, however, it is not impossible 
that the litter value was diminished to an uncertain extent by a slight

P V
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film of grease on the hot and dry surface, and since the value deduced 
from the surface condenser method is, p rliaps, a little too largo owing 
to the presence of the water film, it would be unsafe to conclude that the 
rate of condensation is the same at different temperatures, although the 
evidence, so far as it goes, appears at present to point in that direction. 
Comparing the three different methods of experiment, which all lead 
to a similar result, it may be regarded as highly probable that the old 
view of an infinite rate of condensation requires revision, and thxttbe 
value of the rate of condensation of steam on a metal surface, as deter­
mined by the authors' previous exp ;riments, is at least a first approxi­
mation to the truth. The question at issue is one of fundamental 
importance in the theory of the steam engine, and the authors have 
shown in the paper already quoted that, if the law of condcnsition 
there proposed be almitted, a number of interesting practical deduc­
tions can be made, and problems m iy be solved, which have uat hitherto 
been regarded as amenable to other than empirical treatment.



DISCUSSION.

Prof. Dürley said tliat those Papers were likely to impress any Prof. Durley. 
hearer of them with the great care and skill with which the experi­
ments had been carried out. Hut lie thought that perhaps in their 
present form they would not appeal to the practical men, because 
their bearing on actual practice was not at once apparent. The 
experiments described, especially when taken in connection with other 
recent investigations by the same authors, gave results which were of 
great importance to any one trying to understand what went on in 
the cylinder ofa steam engine. He hoped that Prof. Nicolson would go 
a step further and explain the way in which such results would probably 
onble tin designer to letson the lasses in an engine. He would like 
to ask with reference to the sentence (page 4 Advance Proof), “ A 
condition which could only be explained by supposing the rate of con­
densation of steam on a surface to be limited by some physical pro­
perty of the steam itself." Under what conditions of surface and 
temperature would the rate of condensation be less than the limit?
Had the velocity of tho steam over the condensing surface any influ­
ence on the rate of condensation ?

Prof. Nicolson.—With regard to Professor Dailey's question as Pro(. Nicolson. 
to what the conditions were, under which the rate of condensation was 
“less than the limit," Prof. Nicolson confessed he hardly understood 
the question. It had commonly been supposed that the rate of con­
densation of steam on a metal surface colder than itself was infinite.
The Authors had shown that, on the contrary, it was not only not in­
finite but mcasureable. Tho rate found by them was about 31 lbs. pet- 
hour per sq. ft. of surface per degree Fahrenheit difference of tempera­
ture between steam and metal.

To ask if tho rate was ever less than this was therefore to ask 
simply whether there were circumstances uuder which the Author’s 
law was not true ?

Professor Durley probably had in his mind when asking the ques­
tion “ when could the rate of condensation bo less than the limit,” an 
entirely different phrase used by the Authors in their larger paper on 
the Law of Condensation of Steam read before the Institution of Civil



274 Discueeion on the Condensation of Steam.

Engineer» (London) in November last. In th:it paper the Authors 
had shown that, as the temperature of the cylinder walls of a steam 
engine were lowered by the abstraction of more and more heat from 
them eiteinally, the quantity of steam condensed per revolution went 
on increasing until it attained a definite value, which could not be 
exceeded without enormously increasing the rate of heat abstraction. 
They termed this the “ limiting value of the cyclical condensation.” 
The condensation always took place at the rate given by the experi­
ments above ; hut the resulting weight condensed per cycle was limited 
by the rate at which heat could be abstracted from the walls. To get 
beyond this “ limiting value ” it would be necessary to apply some 
such process as playing a cold water hose on the cylinder.

Prof. Nicolson preferred not to go further into the question that 
evening, pending more ex.ended reference to the subject on somo 
future occasion when the Author’s larger paper might come up for 
discussion.

The velocity of flow of the steam over the condensing surface had 
only an indirect influence on the rate of condensation. It removed the 
condensed steam mors or less quickly, and exposed more or less water- 
drop and metal surface to the steam, as had been pointed out in the 
paper. The speed of translation of the steam as a whole was so small 
relatively to the molecular speed of the steam particles that it could 
not be expected to have any direct influence.
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Paper No. 12IS.

IMPULSE WATER WHEELS.

By J. T. Farmer, Ma.E., Stvd.C'an.Soo.C.E.

The development of power by means of impulse water wheels has 
been receiving considerable attention during the past ten years. 
Water power is to be met with under varying conditions and in various 
surroundings ; and the means best adapted for the utilization of the 
power vary with those conditions and surroundings.

Among the means devised by man at different times before the 
advent of the impulse wheel for utilizing the water power that was 
going to waste around him, one has easily taken the foremost place, and 
indeed has, by a process of the survival of the fittest, practically ousted 
all other methods from a position of being worthy of serious consider­
ation. The turbine has at the present day almost entirely taken the 
pi ace of the earlier device) in use, which have cither been consigned to 
museums as curiosities or arc regarded as picturesque additions to the 
landscape.
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The impulse water wheel probably differs as much from the various 
forms of turbine in construction and in notion as the turbine docs from 
an overshot or breast water wheel. The previous statement with 
regard to the turbine must therefore be further modified so far as it is 
found that the impulse motor is finding favour with those who utilise 
water power.

rtf. t -r

PUton Ovcstr

It has been said that “countless wealth is being squandered in all 
the torrents and water courses of the world." But it might be added 
that unless the proper means are taken for its utilization that wealth 
of energy avails little more to man than that of the tides in Jupiter.

It seems at first sight a very simple matter to place a wheel in posi­
tion to take up the energy of water; but in practice that arrangement 
is generally found to involve more or less costly construction in the 
way of damp, basins, canals, flumes and even tunnels. This is parti­
cularly the case where the use of turbines is contemplated, and this 
consideration is frequently sufficient to annihilate the expediency of 
thus attempting to utilize a known and otherwise available source of 
power.

These adverse conditions are forcibly illustrated in the mountainous 
districts of the North American Continent. Water power is there in 
abundance, but it is that of mountain torrents ; as a rule inconsiderable 
in volume of water, but, on account of the configuration of the country, 
affording large heads. The latter circumstance makes any construct­
ive work very costly, and in most instances would put the use of an 
ordinary turbine out of the question.

It was from such causes that the Western States became the birth 
place of that system of water power of which the essential feature is
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an impulse water wheel. The simplification made possible in this 
system is that of the substitution of a pipe and nozzle of insignificant 
dimensions for the massive head race and wheel pit associated with the 
use of a turbine.

The first impulse wheels brought into use were of the very crudest 
dcsoiiption ; with the increasing use of the system, however, came the 
development which attends every invention which has a large field of 
usefulness open to it. The impulse wheel of the present day ranks as 
fairly efficient among the various means of utilizing natural energy.

At this stage it becomes a question to what extent it mny be desirable 
to employ the impulse wheel outside the conditions under which it first 
sprang into existence. This problem is specially interesting in a country 
where there is an abundance of waLer power, and at a time when the 
utilization of water power is assuming the place of one of the most 
important engineering questions of the day. The object of this paper 
is to record the results of some experimental research on this subject 
and also to discuss the question by the light of those results and from 
other considerations.

The history of the development of the impulse water wheel may 
advantageously bo sketched briefly. The first wheels of this class 
were simply provided with flat projections on the rim of the wheel, and 
the jet was arranged to impinge normally on these flat surfaces. This 
was what was known as the hurdy-gurdy. It can easily be shown from 
theoretical considerations that the ideal efficiency of such a wheel is 50 
per cent., but it is probable that most of those in use did not give a 
greater efficiency than from 20 to 30 per cent.

'rig. 3 rig 4

The first notable improvement was that of substituting hollow cups 
for the flat vanes, so that the jet struck the interior part of the eup and 
was deflected back again until it left the vane, travelling, with respect 
to the vane, in almost the opposite direction to that in which it was



278 Impulse Water Wheels.

travelling before impact, as shewn in fig. 3. This formation at onco 
largely increased the efficiency, but in practice the efficiency was still lar 
from what it theoretically might be.

The next modification was that of so curving the surface of the cup 
that the jet might follow the surface with very little deviation at the 
first point of contact. Thus some wheels are formed with a conical 
projection in the interior of the cup at the point where the jet strikes 
the surface, so that the water on striking may begin to pass along the 
generating lines of the cone, and may gradually be deflected further to 
follow the curved sides of the interior of the vane. This formation is 
illustrated in fig. 4. The more common construction is to place a 
wedge shaped projection across the interior of the cup or vane. This 
modification was introduced about 1880. It may be seen in the 
bucket illustrated in fig. 2. The function of the wedge is two-fold.

(1) To prevent the heaping of dead water upon the vane duting its 
passage through the arc of action, or the part of its pith in wh'ch 
the vane rec ives the jet of water.

(2) To give the diverted streams a direction of motion which will 
finally carry them clear of the wheel.

In a bucket unprovided with any conical or wedge-shaped projection, 
there is no sudden angular deflection of the water. Some of the water 
is heaped upon the flat sui face upon which the jet is impinging, then by 
forming a curved surface over which the following water is deflected, 
as shewn in fig. 3. With a stationary vane on which the stream is 
continuously playing, the loss of force due to this cause is very slight. 
When, however, the impact is taking place intermiitently on a moving 
vate, the dead water is discharged after very inefficient action at the 
end of every short period of action, and the total loss in effective 
work muy be considerable. This loss is reduced by placing a solid 
projection in the bucket, which takes the place of that formed by the
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water and leaves all tlie water free to be deflected in the most efficient 
manner. See fig. 4.

As regards the second function of the wedge, it is well known that 
when a stream of water strikes normally upon a surface it is deflected 
equally in all directions. This is illustrated in the wheel bucket, of 
which two views are shown in fig. 5. The same action takes place 
when the stream strikes centrally upon the apex of a cone. This is 
undesirable in the case of the vane of a water wheel, as the water which 
is deflected towards the centre of the wheel gets into position to strike 
the back of the following vane, thus opposing the u eful effect of the 
action. When the jet strikes a wedge, as in fig. 6, it is cut into two 
portions, which are deflected away from one another in a plane per­
pendicular to the cutting edge of the wedge. In a wheel this motion 
causes the water to be discharged at each side of the wheel where it is 
free from all liability to interfere with any following parts of the wheel.

Numerous modifications of the form of the curved surfaces of the 
buckets have been brought out at different times by inventors with a 
view of modifying the passage of the water over the vane in some par­
ticular, but it is not necessary to describe them more particularly.

Of the impulse wheels in use at the present day the best known is 
probably the Pelton water wheel. These wheels arc made in sizes 
varying from 6 in. to 6 ft. in diameter, according to the head of water 
available and the velocity required. These wheels have been applied 
under heads ranging up to 1,700 feet and, as has been said, there is no 
doubt that under such conditions the highest efficiency is realized. 
On the other hand, there are said to be instances in which Pelton 
wheels are running with good results under heads of from 50 to 75 feet.

The writer recently made a series of tests on a small wheel of this 
cl tse, catalogued as the Pelton Motor No. 3. This wheel is approxim­
ately 18 in. in diameter, and the weight of the whole machine is given 
as 320 pounds. Two elevations of this motor are given in fig. 1.

The tests were made in the Hydraulic Laboratory of McGill 
University, and a brief description of the methods employed will be 
given. It was impossible to make tests with heads as high as some of 
those under which these motors run. The maximum head employed 
was that afforded by the city supply from the high level reservoir, 
which gives a pressure of 125 lbs. per square in. in the laboratory, 
equivalent to a h ead of 290 feet. Lower pressures were also obtained 
by throttling the supply from the same source.

These trials will give an idea of what may be expected of this type
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of motor when used under ordinary heads of from 100 to 300 feet. 
Id many districts these ore as large heads as are commonly met with. 
Also, where it is proposed to take power from a w«ter works system, the 
pressure under which water is supplied would rarely exceed 125 lbs. 
per square inch.

In the present series of trials the wheel tested was small compared 
with many in use ; the effective work done did not in any case exceed 
7 horse-power. There is no doubt that with a machine designed on a 
larger scale, as with larger heads, the efficiency would show some in­
crease over the values found in the present case.

The results obtained in these experiments are offered as bearing 
directly on the question of the utilization of this system foi small 
amounts of power under the conditions usually met with in districts 
outside those referred to as abounding in very high falls of water. 
With reason and judgment, the general conclusions strived at by the 
consideration of these results may be extended to cases where the 
machinery and the generation of power is on a larger scale.

For the purposes of trial the wheel was set up as received from the 
makers, and the auxiliary apparatus was fitted in accordance with 
their instructions. The water, after passing through the valve which 
was used to regulate the pressure, was led along a length of 2} inch 
pipe straight for 8 or 10 feet before reaching the nozzle. A Bourdon 
gauge was fitted on the supply-pipe less than one foot from the mouth 
of the nozzle-tip. This gauge was arranged on a pressure-chamber, 
enveloping the pipe and communicating with the interior through a 
series of small holes. Before being used the gauge was calibrated by 
means of a gauge tester. In the experiments the pressure in the pipe 
of course varied slight! The pressure was read at intervals of one 
or two minutes, and the mean value during the whole trial was accept­
ed as tho pressure under which the flow took place. The extreme 
variation of the pressure was about one pound per square inch.

Three different sized nozzle tips were supplied with the wheel. 
These nozzles tapered gradually on the inside from the diameter of the 
supply pipe to that of the actual orifice. The outlet diameters wero :

.5277" .6307" .7532"

Sets of trials were made using the largest and smallest of these 
nozzle tips, the largest giving the more satisfactory results.

Tho water was discharged fro n the motor into a flume beneath, 
whence it ran into measuring tanks, and all the water used was thus
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actually measured. For the purposes of these trials two tanks were 
used, each of the capacity of 1,000 gallons ; these had both been 
previously calibrated.

The power given by the wheel was estimated by means of an absorp­
tion brake and a revolution counter.

The shaft was provided with an 18" diameter brake wheel of special 
design, and the power was taken off this. In the earlier trials the 
brake consisted of one or more cords embracing a suitable arc of the 
periphery of the brake wheel, and having spring balances attached to 
the tight and slack ends to indicate the corresponding tensions in the 
cord. As the power varied slightly all the time, both readings were 
taken at intervals of one or two minutes, and the means used in calcul­
ating the final result of tho trial. Later a direct-reading, self-adjust­
ing brake, designed by Mr. Withycombe, was substituted for the cords 
and spring balances with very satisfactory results.

An ordinary revolution counter was used, but arranged to be thrown 
in and out of engagement with the shaft at the beginning and end of 
each trial. The necessary readings could thus be made at leisure, 
ensuring greater accuracy.

In addition to the revolution counter a tachometer was connected 
to tho shaft. This served as a guide when adjusting the load on the 
brake wheel previous to a trial to give a desired speed of running. It 
also served to indicate any considerable departure from the intended 
speed which might take place during a trial, and which would vitiate 
the accuracy of the calculated results.

Before p issing to the examination of the experimental results of the 
trials, it may be well to make a brief theoretical analysis of the subject.

The elementary theory of an impulse wheel is very simple—so 
simple indeed that no attempt seems to have been made to consider to 
what extent known and observable phenomena n.ay modify theoretical 
calculations ; but rather the elementary theoretical result is generally 
taken as the last word which can be said on the subject from a theo­
retical point of view.

In the following investigation the efficiency is deduced from a con­
sideration of the circumstances, as far as they can be mathematically 
expressed, under which the mechanical action takes place.

In the elementary theory of the impulse water wheel the assump­
tions generally made are substantially as follows :—

1. That the jet has the theoretical velocity due to the available head 
of water.
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2. That the jet strikes the vane centrally and tangentially to the 
wheel.

3. That the jet passes over the surface of the vane without any loss 
of relative velocity.

4. That the vane is so formed as to turn the stream through an 
angle of 180° completely back on itself.

In all these particulars there are some modifications which can be 
more or less exactly stated :—

(а) The velocity of the impinging jet is reduced in the ratio of a 
coefficient of velocity depending on the pipe line and noxile.

(б) Instead of striking the vane tangentially, the jet generally, as in 
the case particularly alluded to, strikes at a point nearer to the noxile. 
Thus suppose a horizontal jet is applied underneath a wheel. If 0 in 
fig. 7 be the centre of the wheel and L its lowest point, the jet strikes at 
P. where LOP makes an angle 8 say. Of course the water begins to 
play on the vane before it reaches P, and continues for a short space 
afterwards until the stream is cut off by the next approaching vane ; 
but P may be taken as a mean position.

The wedges of the vanes then are formed normal to the jet at this . 
point instead of being radial to the wheel. This involves their being 
inclined at an angle 8 to the radius of the wheel.

(c) The force of impact is reduced owing to the velocity lost by 
the water in passing over the surface of the vane. Some previous 
experiments on this subject afford data which will be used in approxim­
ating to the loss due to this cause,

(d) It ia impossible, practically, to turn the water completely fctek 
on itself on account of the reaction which would take effect on the back 
of the succeeding vane.
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Let u be the resolved velocity of the vine at P in the direction of 
motion of the jet.

ti that of the jet.
The water strikes the vane with relative velocity (e - u) and leaves 

it with relative velocity c, (y - *), where c„ is the ratio of final to ini­
tial relative velocities.

The force exerted on the vane in the direction of motion of the water 
is equivalent to the momentum of water destroyed per unit time, which 
is

™ | (e - u) - ew (r - «) one <s j-

where 6 is the angle of deflection of the water

(e — m) (1 — c*. cos 6)

Now u = OP . ® . cos #.
te being the angular velocity of the wheel.

If the line of the jet cuts OL in N, and ON be cilled x,
ON
OP

= cos e

OP=
z

cos I*

U m
z

COS ft
to . cos »

F = — (e — zto) (1 — c. cos <l)

The moment of this force about the centre of the wheel is

Ft = — (o — zi») (1 — e«, cos it)

which is constant.

'The work done per second is 
F z «» 

m x to
9

(v — zto) (1 — c„ cos A)
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The energy available per second is mh, 
h being the available head of water. The efficiency therefore is

1 it ?? (v — *a>) (1 — <v cos (I). 
gh

If fy be the number of revolutions per minute 

60 “ 2tt

2ir N t ( 2'it N(2'sr N t\ _ ...» — —^—; (1 - <v oos <t) (I).
60 gh ^ 60

In calculating the value of v to be inserted in this expression it must 
be remembered that the velocity of the issuing jet is less than that 
theoretically due to the head.

In practice there will be a reduction of velocity due to two causes :
(1) Resistance of pipe line.
(2) Loss in discharge from the nozzle.

If l be the length of pipe,
d the diameter,

The loss A, due to pipe friction is calculable by the well known for­
mula

d 2g
V being the velocity of the water in the pipe and f the coefficient of 

frictional resistance of pipes.
If A i a be the areas of the pipe and nozzle respectively,

AiV = av
. l if *••,,1=4/itâv

29 '

Other losses due to bends, etc., can be considered included in a co­
efficient K, which would have to be derived from consideration of the 
special circumstances in every case. This would make the total loss of 
head in the pipe lino

h + ht = (if 1 J?L+ K ) -ül 
V J d Ai » ) 2g

The remainder of the available head is spent in producing the velo­
city v, and part is absorbed in the resistance of the nozzle. If the noz­
zle offered no resistance the velocity would bo increased in the ratio of 
1 : Cv, and therefore the velocity equivalent to the remaining head is
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The energy remaining is therefore 
e’

<V -P
hmhi + ht +

e*
c.‘2g

285

Numerical values inserted in this formula will give
*.<1.06 +.«26 i £-,+*)£

The reculls given by this formula would only approximate more or 
lees closely lo the actual state of affairs, which would best be deteimin­
ed by actual measurement of the pressure close to the noia'e by means 
of a gauge, when the conditions of flow are those actually occurring in 
practice.

In the trials under discussion the heads given arc those measured 
close to the point of discharge, so that no loss due to the pipe line need 
be considered. The only loss of velocity is that which occurs in the 
discharge from the nozzle, and ti e value of v therefore is calculated 
from the formula

■JTgh
where c„ is the coifficient of velocity for the nozzle used.

In the nczzles used in the experiments the stream issued from a paral­
lel throat, and consequently there would be no appreciable contrac­
tion of the jet. On this consideration it is reasonable to attribute all 
the deficit in discharge to the loss in velocity or

c,= cd.
The co efficients of discharge were determined for these nozzles for 

heads up to 20 feet, above which point the variation becomes very 
slight. The results obtained therefore give an approximation to the 
true velocity of the jet.

In addition to these determinations the co efficient of discharge 
was calculated from the data afforded by each of the trials. These co­
efficients agreed very closely with those obtained directly in the case of 
the J in. nozzle. The mean values were .972 and .960 respectively.

The discrepancy is not surprising when it is considered that in the 
former case the outflow was from the end of a long pipe, while in the 
latter it was from a large body of water at rest.
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The discrepancy is more marked in the ease of the nozzle J" dia­
meter, where the two values are .909 and .976. It is suggested that 
this difference is due to the fact that the interior of this nosile was 
covered with rust at the time of its being used in the water wheel, 
as it had been in place for sometime. The coating of oxide on the 
interior would diminish the actual area of outlet, so that the coefficient 
would appear to be smaller than it actually was. In addition to this 
there can be no doubt that the rough surface of the oxide would 
diminish the velocity of the outflowing water ; this may be partly the 
reason why the trials with the $" uoxilc show a smaller efficiency than 
those made with the J" nozzle.

If this explanation is correct, it would point to the desirability of 
having the interior surfaces of the nozzle-tips clean and free from rust. 
To accomplish this, it would prnbably be worth while to have detach­
able nozzle-tips made of brass or some other metal not so liable to be 
acted upon as iron in the presence of moisture. It would also be ad­
visable for the user to periodically take out and clean the nozzle-tip, 
especially if made of cast or wrought iron.

With a diity nozzle there is a direct loss of efficiency corresponding 
to whatever loss of velocity is caused by the rough surface of the 
nozzle. More than this, there is a diminution in the area of the nutlet, 
and therefore in the discharge, with the result that the power developed 
by the motor falls off. This may become a serious consideration if the 
motor is not much more than equal to the demands usually made upon 
it.

The particular values will now be inserted in the expression for the 
efficiency.

Pressures = 75 and 100 lbs. per sq. in.
Corresponding heads =175 and 23Ü ft.

v = 103.1 and 119,6 ft. per sec. 
z = ,666 ft.
8 = 170° 

cos 8 = -.9848

The value of c„ can bo deduced, as mentioned previously, from an 
expression derived from a series of experiments on vanes of this 
description,

r
A 1

.0266 - —
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where w it lose of velocity, vc the mean velocity of the water, a the 
sectional area of tho jet and A the wetted area of the vane.

e„ = 1 - r approximately.
, A

T he ratio — is about 6.6
1

whence r = .176 "TTi».
The quantity expressed by v0 here is the mean velocity with which 

the water passes over the surface of a bucket and may le taken as

/ 2 vr Nt\

V" )
in expression (I).

Substituting values for the different conditions under which the 
wheel is run, the following table of values of c„ can be deduced :—

TABLE I.

AT h = 175 ft. h = 235 ft.

300 .953 .955
400 .962 .954
500 .950 .963
600 .948 .952
700 .946 .951
800 .944 .949
900 .941 .947

1000 .937 .945

These values lead to values of the factor (1—c„ cot 8) as given in 
the following table :—

TABLE II.

N h = 175

300 1.939
400 1.938
600 1.936
600 1.934
700 1.932
800 1.930
900 1.927

1000 1.923

h = 285 ft.

1.940 
1.940 
1.939 
1.938 
1.937 
1.935 
1.933 
1
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The following values are thus obtained for the theoretical efficiency 
of the wheel with a } in. diam. nozzle :—

TABLE III.

N h = 176 ft. h » 235 ft.

300 59.3 53.0
400 72.3 65.7
500 81.3 75.8
600 88.0 83.4
700 90.9 88 6
800 90.3 91.0
900 89.6 91.2

10C0 79.4 98.8

max. 91.1 @ 738 max. 91.5 @ 857

The differences between these calculated values and the n lal values 
obtained are exhibited in Table IV. These results .lustrated 
graphically in figures 16 and 17.

TABLE IV.

N h = 175 ft. 1 = 235 ft.

MAT II EM ACTUAL DIPF. MATHEM ACTUAL DIFF.

300 59.3 63.0
400 72.3 58.4 13.9 65.7 52.5 13.2
500 81.8 64.8 17.0 75.8 59.3 16.5
600 88.0 68.2 19.8 83.4 65.0 18.4
700 90.9 69.2 21.7 88.5 69.5 19.0
800 90.3 66.2 24.1 91.0 70.0 21.0
900 86.6 91.2 66.2 25.0

1000 79.4 88.8

From this last table it is apparent that there is still a waste of from 
15 to 26 per cent, of the original energy of the water which has not 
been accounted for. The loss due to friction of bearings would be 
small in a simple machine of this sort, and the greater part of the 15 to 
25 per cent, loss must be due to some departure in practice of the phe­
nomena of action from those assumed.
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It is suggested that the loss arises wholly or in part from the im. 
perfect action of the vanes or backets in turning back the water.

It will be remembered that one of the functions of the wedge was 
described to be to cause the water to be discharged to the side of the 
wheel. A little consideration, however, will show that during a part of 
the period of action the wedge does not perform this function.

rt«e

When the vane begins to intercept the jet, as in fig. 8, it is the outer 
lip or scoop which first comes in contact with the jet. The small 
amount of water which strikes the blunt edge of this outer lip is 
scattered, and thus only gives up a proportion of its energy to the 
wheel. More than this, it pttobably causes considerable disturbance and 
consequent loss of energy in the rest of the stream.

rig. 9

As the vane passes further into the path of the jet, as represented in 
fig. 9, the water strikes on the interior curved surface of the outside
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scoop portion of the bucket on each aide of the outer end of the wedge. 
The curve of the bucket at this point is such that the water is mainly 
deflected in an inward and backward curve in the plane of the wheel, 
so that it emerges from the vane surface in a plane tangential to the 
wheel rim ; it proceeds in the same direction until it strikes the back 
of the following vane, producing upon it a force of impact opposite to 
the direction of motion of the wheel.

rtf. to

As the wheel moves into such position that the jet plays upon the 
central portion of the wedge, the stream is deflected to each side in u 
plane parallel to the axis of the wheel ; and it is then and only then 
that the conditions of action assumed arc approximately fulfilled. This 
position is shewn in fig. 10.

It may be estimated that tho action of the water is not what it is 
assumed to be while the vane moves over from 1-6 to 1-3 of the total 
are of action. During this interval the action of the water is more or 
less inefficient.

Fig. n
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It will be noticed that the deficit of I lie actual from the calculated 
efficiency increases steadily as the speed is increased. It is suggested 
that this may be attributed to two causes. v

(1) The best effect of the impact occurs when the sharp edge of the 
wedge is perpendicular to the line of the impinging jet. This condi­
tion only occurs at one point in the arc of action. At all other points 
the position of the edge of the wedge departs more or less from the per­
pendicular position, as in fig. 11, and the deflection does not tube place 
in the manner assumed with the consequence that the efficiency of the 
impact is more or less impaired. The higher the speed of the wheel 
the greater is the arc of action, and consequently the greater will be 
the departure of the cutting edge of the wedge from perpendicularity 
to the lino of the jet. This would mean that the loss of efficiency of 
the impact is less when the arc of action is smaller, or the speed 
small, and that the loss of efficiency increases as the arc of action 
increases or as the speed is increased.

(2) Tt was p linted out how the action of the outer lip or scoop at 
the beginning of the arc of action tended to impair the efficiency of the 
wheel. It will be seen that if the arc of action is large enough the 
same effect will take place at the end of the arc of action, as well as at 
the beginning. If, therefore, the speed is increased to such an extent 
as to allow this to occur, there will be a further cause of loss of effi­
ciency at high speeds.

It is estimated that the efficiency would not suffer diminution from 
this latter cause until the velocity reaches a value of 800 revolutions 
per minute with the 175 foot head or a value of 900 revolutions per 
minute with the 235 ft. head. It will be noticed on reference to table 
IV that the discrepancy between the theoretical and actual efficiencies 
shows a marked increase for those respective speeds. It may be re­
marked here that for constant dimensions of jet and bucket, as the 
diameter of the wheel is increased, the angle subtended by the arc of 
action will be diminished. With larger wheels, therefore, the depar­
ture of the cutting edge of the wedge from the position of perpendicu­
larity to the line of the jet will be less, and the efficiency may reason­
ably be expected to be found greater.

In addition to the trials quoted and compared with the theoretical 
results, trials were also made with the small $ inch nozzle. Complete 
tables of all the results obtained are given.

T
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I.—NOZZLE .5277" DIAMETER.
(a) Pressure 50 lbs. per sq. inch. 

Equivalent head = 115 feet. 
Discharge = 45 galls, per minute.

Speed. Horse Power. Efficiency.

252 .70 50.7
322 .76 48.5
898 .03 59. L
400 .86 57.0
4117 .84 53.5
438 .87 56.7
450 .01 59.9
497 .96 62.8
6116 .94 60.4
545 .05 60.6
551 .95 61.0
665 .84 65.7
585 .76 47.3
588 .83 52.6
625 ' .91 66.7
638 .91 58 3
665 .83 52.2

(b) Pressure 75 lbs. per sq inch. 
Equivalent Head = 175 feet. 
Discharge = 53 galls, per minute.

Speed. Horse Power. Efficiency.

345 1.38 49.8
409 1.52 54.9
477 1.68 60.7
523 1.68 61.4
582 1.80 64.7
594 1.79 65.8
632 1.75 64 4
632 1.76 63.1
672 1.78 64.1
677 1.66 55.3
725 1.63 58.3
726 1.65 59.6
737 1.61 59.7
768 1.55 55.1
779 1.57 57.0
847 1.40 51.2
879 1.31 47.7
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(e) Pressure 100 lbs. per sq. inch. 

Equivalent head = 235 ft 

Discharge = 63 galls, per minute.

Speed. Horse Power. Efficiency.

276
306
345
387
459
470
641
605
644
608
760
834
858
914
939

1.70 
1.85 
1.98 
1.90 
2. 2 
2.36 
2 52 
2.67 
2.80 
2.76 
2.96 
2.65 
2.78 
2.76 
2.76

37.9
41.2
44.4
44.5
49.7
52.8 
66.0 
60.0
63.2 
64.0 
65.0
69.6
61.8
58.6 
67.9

(d) Pressure = 125 lbs. per sq. inch. 

Equivalent head = 290 ft. 

Discharge = 70 galls, per minute.

Speed.

494
636
692
664
702
765
813
867
918

Horse Power.
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IL—NOZZLE -7532" DIAMETER.

(a) Pressure 75 lbs. per sq. inch. 

Equivuleut Head = 175 feet, 

Dischalge = 120 galls, po.- minute.

Speed. Horse Power. Efficiency.

402 3.68 68.5
601 4.10 65.0
618 4.34 68.8
675 4.34 68.9
750 4.33 68.7
770 4.30 67.7

hi
(1) Pressure 100 lbs. per sq. inch. 

Equivalent Head = 235 feet. 

Discharge = 138 galls, per minute.

Speed. Horse Power. Efficiency.

370 4.82 49.4
371 4.86 50.0
475 5.67 58.4
515 5.95 60 7
588 6.20 63.9
654 6.60 67.8
698 6.66 68.6
756 6.SC 70.8
816 6.72 69.3
911 6.35 65.f

The results given in the foregoing tables are represented graphically 
in figures 12-17.

In connection with the above results it is interesting and important 
to notice that the highest actual efficiency appears at a speed which is 
about -9 of that which theoretically should give the maximum 
efficiency. .
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A most important difference between an impulse water wheel and a 
turbine of either the impulse or pressure type is that the construction 
of the latter allows a larger area of water to be applied to the wheel 
for the same dimensions of wheel. In the turbine the welted surfaces 
bear a much larger proportion to the siso of the wheel than in an impulse 
wheel, and those surfaces in the turbine arc constantly in action, while in 
the impulse wheel their action is intermittent. When the head of water 
is small, a correspondingly large quantity has to be used to give a 
required horse-power, and in this case the turbine has the advantage 
of passing a much larger quantity than the impulse wheel. When the 
head is very large this feature of the turbine becomes a disadvantage f 
as it becomes a difficult problem to curtail the total discharge of water 
so that the total power developed may be handled without meohanieal 
inconvenience by the working parts of the motor.

For a given area of outlet the horse-power of the issuing stream 
varies as A$. To illustrate this the horse-power of a stream one inch 
in diameter is given in the following table for a scries of heads and also 
the number of such jets which would have to be applied to aggregate 
1000 horse-power.

TABLE V.

Head. Horse power. Jets to give
1000 H.-P.

100 4.96 202
200 U.02 72
300 25.75 39
400 3H.65 26
500 55.41 18
«00 72.84 14
700 91.79 11
800 112.15 9
900 133.82 8

1000 156.73 7
1100 180.82 6
1200 206.03 5
1300 232.31 5
1400 259.63 4
1500 287.94 4
1600 317.21 34
1700 347.40 3
1800 37850 3
1900 410.48 24
2000 44331 24
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In order to develop considerable power, with a comparatively small 
head using an impulse wheel, one of two things must be done ; cither 
the area of tho nozzle and consequently that of the vanes must be 
made very large, which is only practicable to a limited extent, or else 
the number of nozzles and wheels must bo multiplied. Thus the use 
of impulse wheels under small heads involves a large amount of 
machinery for the power obtained.

On the other hand, the impulse wheel has many points in its favour, 
chief among which is its simplicity of construction, which lea Is directly 
to the absence of mishaps and to ease of maintenance. The bearings 
arc simple, being merely those on the horizontal shaft, in such a position 
as to be easily got at when necessary to make any repairs or adjust­
ments. There are no bearings running under water ; and the bearings 
are not subject to any other reaction than that due to the useful effort 
of the water on the wheel ; no difficulty is met with corresponding to 
that of balancing the static pressure of the water on a turbine, which 
becomes such nn important problem when large heads are being used . 
The impulse wheel has no water-tight joints, as there is no water pres­
sure to be maintained among tho working parts. The mechanism also 
does not contain any parts which arc likely to work loose or otherwise 
become deranged and so lead to trouble.

Another good feature is the absence of passages in the working parts 
of the motor, which would be liable to become choked by debris carried 
through by the water. Once through tho orifice the water has a per­
fectly clear and open course until it falls into the tail-race.

It is an easy matter in designing an impulse motor to arrange tho 
diameter of the wheel so as to give a desired speed of rotation under an 
available head with the most efficient results. Small departures from 
this speed do not affect the efficiency to any great extent, as may be 
judged from nn examination of the tabulated results. The following 
table is compiled to show the percentage loss of output of work duo to 
a subsequent departure from the pie-arranged speed. This is illus­
trated graphically in fig. 18.

TABLE VI.

Percentage. 
Increase or Decrease of 

speed.

Percentage. 
Decrease of output of 

work.
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fig 18

VARIATION Of WORK

An important point in determining the practical usefulness of water 
motors is their adaptability to be run with a fair degree of efficiency 
under a fraction of the full load. This state of things is generally 
liable to occur either intermittently, as whore a number of loads arc 
being continually put on and off the mechanism driven by the motor ; 
or periodically, as where for portions of a day or week or year the 
work required from the motor is heavier than at other times.

Three methods will be mentioned which arc employed to vary the 
output of work from the wheel.

It was mentioned that three nozzle tips of different sizes were sup­
plied with the wheel with which the tests were made. By changing these 
the quantity of water discharged under a given pressure can be varied 
as the area of the orifice. The power of the jet will consequently 
vary in the same ratio ; and so any change of load which can be anti­
cipated and will l ist for a considerable period can be provided for.

The changing of the nozzle tips need not be a very difficult opera­
tion. It it, however, a very inconvenient plan to have to resort to 
to regulate the output of power from the wheel.

These wheels are sometimes built with several nozzles placed at 
intervals round the periphery of the wheel. When this is the case the 
power can be reduced by shutting off the stream from one or more of 
the nozzles.

The third method is to employ a valve or gate in the supply pipe 
which can be shut off to any desired eztent by hand or by some auto­
matic regulating machinery. This method is almost always necessarily 
employed in addition to those aforementioned. It will be noticed that 
the effect of the valve to reduce the power is reached by throttling the 
water as it passes the gate, thus reducing the pressure of the water as it 
reaches the orifice and consequently reducing also the discharge. It
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need hardly be pointed out that there is a great loss of efficiency when 
the motor is running under a light load, as the pressure energy which 
is not required to drive the machine is all absorbed without useful 
effect in the resistance of tho partially closed valve.

An idea of the actual efficiency reached can be gained from a con­
sideration of the foregoing results, obtained for the small nozsle, for the 
range of heads from 120 to 300 feet. In calculating the efficiencies 
previously given, the available work was calculated on the assumption 
that the pressure under which the test was made was the total pressure 
available. But if that pressure is not the total available pressure, as 
when the pressure is reduced by throttling from 125 to 100 or 75 lbs. 
per square in., then the total available work must be considered to be 
the product of the weight of water used and the head equivalent to the 
total available pressure before any throttling took place.

Proceeding in this way, and using the amounts of work done obtained 
in the trials for the various heads, but considering tho energy available 
in every case to be that due to a pressure of 125 lbs. per square in., 
gives result as follows :

TABLE VII.

Pressure. Load. iiflicieocy.

125 Full 05%
100 .75 50%
75 .40 33%
60 .17 about 18%

This is illustrated in fig. 19.
ri|.n

Efficiency under Fraction 
or Full Load.

\
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Besides the fact that a large amount of energy is wasted ir. the 
throttling in the pipe, a further cause of loss of efficiency under a light 
load exists in the fact that the motor is probably working under un­
favorable conditions of pressure and velocity. In general it is desirable 
to keep the velocity constant, although the work done may vary. This 
means that if the motor is designed to run at the most efficient speed 
under full pressure, it will exceed the best speed for lower heads.

It will thus be seen that the efficiency obtained on the total expen­
diture of water will be considerably less than that indicated by the 
previous tables if there is any considerable variation in the load put on 
the motor.

In the preceding remarks an attempt has been made to describe and 
discuss the action of impulse water wheels, and more particularly of the 
wheel on which the experiments described were carried out ; the ques­
tion of efficiency has been illustrated and examined, and the advan­
tages and disadvantages connected with the use of such a system have 
been pointed out. It is hoped that these notes may throw some light 
on this interesting and important subject.

The writer wishes to express his indebtedness to Prof. Bovey for 
his kind co-operation in allowing the use of apparatus and every facility 
for carrying out the experiments at McGill University, and also to 
Mr. Withycombe for useful advice and assistance with regard to many 
practical details connected with the trials.
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Donald Alexander Stewart was bom at West Bay, Richmond 
County, N.8,, on 2nd of November, 1851. He graduated at McGill 
Univcraiiy wilh the degree B. A. Sc. in 1873, and for the following 
three years he was engaged as rodinan, leveller and transit man on 
the Canadian Pacific Railway, Lake Superior District. He was As­
sistant Engineer on the construction of the same road until 1881. From 
April, 1881, to April, 1882, lie was in charge of Surveys on the Inter­
national Riilwny (now the Canadian Pacific Railway), from Lake 
Mcgantic, Quo., to Greenville, Maine. From May, 1882, to December, 
1884, lie was Division Engineer on the location and construction of 
the Canadian Pacific Railway from Nepigon to Jack Fish Bay, Lake 
Superior.

Front January to April, 1886, he was engaged on the survey of the 
Ontario and Quebec Railway, and for the remainder of that year ho 
was in charge of the survey ami construction of a portion of the 
Manitoba South Western C. Ionisation Railway. During the year 
1887 he was engaged in various exploratory and location surveys for 
railways, and from Aueust to December of that year he was Division 
Engineer on the construction of the Great Northern Railway. From 
January, 1888, to November, 18811, ho was engaged in various recon- 
naiaijncet in Southern British Columbia, and elsewhere. For the 
remainder of the year 1889 and a portion of 1890 he had charge of 
surveys and construction on the Columbia and Kootenay Railway, 
In September, 1890, he was appointed engineer of the Western Divi­
sion of the Canadian Pacific lly., which position ho hold until August, 
1897, when his (ailing health compelled him to seek rest and change 
in Halifax, where lie remained until the time of his death in October, 
1897.

Mr. Stewait was a man of simple habits, and was always ready to 
extend sympathy and help to the unfortunate. His professional career 
was maiktd by straightforwardness and exceptional ability, combined 
with a devotion to duty rarely met with. His uniform kindness and 
thorough honesty of purpose won the friendship of all with whom ho 
came in contact.

As a Member of the Society, to which lie was elected in January, 
1893, he took a most active part. He contributed two valuable papers 
to the Transactions, and was ou all occasions ready to do whatever lay 
in his power to advance the beat interests of the Society and the pro­
fession to which he devoted his life.
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