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Friday, 25th January.

Thomas Monro, President, in the Chair.

Paper Vo. 101.

THE STRENGTH OF CANADIAN DOUGLAS FIR, 
RED PINE, WHITE PINE AND SPRUCE.

By Henry T. Bovrt, M.Inst.C.E., LL.D.

In the present Paper it is proposed to give a statement of the results 
which have been obtained up to the present time, from the numerous 
experiments which have been carried out in the Testing Laboratories, 
McGill University, on the strength of Canadian Douglas Fir, Red Pine, 
White Pine and Spruce.

These experiments, which have now extended over a period of more 
than two years, will still be continued, and it is hoped that the results 
will be set before the profession in a Paper on some future occasion.

In order that the subject may be treated in as comprehensive a 
manner as possible, the engineers and lumber-merchants, who must 
necessarily be most particularly interested, are earnestly requested to give 
their co-operation. They can render valuable service by sending to 
the University Laboratories timbers of any and all sizes. These timbers 
should, in each case, be accompanied by a history giving the treatment 
of the timber from the time when the tree was felled, as, for example, 
the locality in which the tree grew should be specified, the manner in 
which the log was brought to the mill, the length of time during which 
it was kept in water (salt or fresh), the time during which it was kept 
in the pile at the mill, and, if the timber has already been in service, 
the length of this service. Any other, details respecting the history of 
the timber may also be given, so that the information may in every 
case be as complete as circumstances will permit.

The attention of members is specially directed to the tables showing 
the deflection of beams under transverse loading, and also to tables 
showing the extension of specimens under direct tension.

These tables tend to prove conclusively the statement made by the 
author many years ago, t.e., that timber, unlike iron and steel, may be 
strained to a point near the breaking point without being seriously 
injured. It will be observed that in almost all cases the increments of

E
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deflection and extension, almost up to the point of fracture, are very 
nearly proportional to the increments of load, and it seems impossible 
to define a limit of elasticity for timber. This probably accounts for 
the continued existence of many timber structures in which the timbers 
have been and are still continually subjected to excessive stresses, the 
factor of safety being often less than 1J. Whether it is advis
able so to strain timber is another question, and experiments are still 
required to show how timber is affected by frequently repeated strains.

TBANSVIBSE STRENGTH.

The following Tabic gives in inches the distances between the cen
tres of the end bearings (1), the mean depths (d) and the mean 
breadths (b) of the Beams I to LXI referred to in this Paper :—

Beams I II III IV V VI VII
1 96 66 66 69 69 69 69

X X X X X X X
d 12.125 12.125 5.375 9.125 9.125 6.126 6

X X X X X X X
b 9 6.625 4.25 5 5 6 5.8125

Beams VIII IX X XI XII XIII XIV
1 69 204 198 204 204 204 204

X X X X X X X
d 5.125 14.875 14.375 14.875 14.875 14.75 14.75

X X X X X X X
b 6.5 9 6 8.6875 8.8125 6 6

Beams XV XVI XVII XVIII XIX XX XXI '
1 198 198 138 138 138 138 138

X X X X X X X
d 15 15 15.125 17.8 12.1 12 8.98

X X X X X X X
b 6.125 6.125 9 8.76 9.1 8.88 5.95

Beams XXII XXIII XXIV XXV XXVI XXVII XXVIII
1 162 186 132 144 210 210 210

X X X X X X X
d 15.6875 14.35 16.2 15.65 13.25 13.125 11.25

X X X X X X X
b 7.75 8.73 7.75 8.2 6.375 6.1875 6.34375

Beams XXIX XXX XXXI XXXII XXXIII XXXIV XXXV
1 210 174 174 180 180 156 156

X X X X X X X
d 11.25 7.25 7.125 8.125 11.125 9.125 11.16

X X X X X X X
b 6.25 6.1875 6.218761 3.1 3.1 3.125 3.326
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Beams XXXVI XXXVII XXXVIII XXXIX XL XLI XLII
1 288 288 114 102 120 120 288

X X X X X X X
d 18 18 18 18 18 18 18

X X X X X X X
b 9 9 9 9 9 9 9

Benins XL1II XLIV XI.V XLV1 XLVII XLVIII XLIX
1 IK 120 288 120 120 150 150

X X X X X X X
b 18 18 18 18 18 ’6.1875 15.375

X X X X X X X
b 9 9 9 9 9 9.375 9.125

Beams 1, LI LII LIU LIV LV
1 181! 192 180 180 288 120

X X X X X X
d 15 15.12 14.85 15 17.5 17.5

X X X X X X
b 9.0625 9 9.05 9.05 8.875 8.875

Beams LVI LVII lviii LIX LX LXI
1 120 180 180 180 138 186

X X X X X X
d 17.5 15 14.75 15 11.25 14.5

X X X X X X
b 8.9575 9 G 9 8.875 5.625
The transverse tests were carried out with the Wickstced 100-to 

machine by means of a specially designed arrangement shown in the 
photograph on the opposite page.

By this arrangement the two ends are gradually forced downwards 
while the centre is supported upon the addle suspended from the 
lever of the machine. Thus the two halves of the beam arc really 
equivalent to two cantilevers loaded at the ends. By means of a very 
simple device, the pressure can be increased so regularly as to ensure 
an absolute equality in these end loads.

Figures 1 and 2 show the device employed to keep the pressure on 
the ends of the beam always normal to the surface. The spherical

joint allows the bearing to revolve, and by means of the prismatic slot 
any form of bearing surface may bo introduced.

The formula used in calculating the skin-strengths and co-efficients of 
elasticity have been deduced by means of the ordinary theory of flexure
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which is based upon assumptions which actual experience shows to be 
far from being true. These assumptions are :—

' 15* E*
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(а) That the beam U symmetrical with respect to a certain plane.
(б) That the material of the beam is homogeneous.
(c) That sections which are plane before bending remain plane after 

bending.
{d) That the ratio of longitudinal stress to the corresponding strain 

is the ordinary (i. e. Young's) modulus of elasticity, notwithstanding 
the lateral connection of the elementary layers.

(<) That these elementary layers expand and contract freely under 
tensile and compressive forces.

In each case, the skin stress at the point of fracture in lbs. per sq. in. 
has been determined by means of the formula,

, _1 H2.W. + W,)
1 1 bd‘

W ,-lbs. being the weight at an end, W.i-lbs. half the weight of the beam, 
/-ins. the length of the beam between the two end centres of pressure, 
l-ins. the breadth and (/-ins. the depth at the section of fracture.

In practice, the breaking weight, W, + J W„ is usually determined 
from the formula,

W, + 1 w, = c -f,

C being the co efficient of rupture. Hence,/ =3 0.
It may perhaps be well to point out that a very small error in esti

mating the depth of a beam may lead to a considerable error in the 
calculated skin stress. Thus from the formula just given it appears 
that if A/be the change in the skin stress corresponding to a change 
Ad in the depth, then

A/=— 2-/a (i,

and the skin stress will be increased or diminished by this amount, 
according as the estimated depth is too small or too great by th; 
amount Ad.

For instance, in the case of the Spruce Beam No. L, the calculated 
skin stress, disregarding the diminution of depth due to compression, 
is 5,123 lbs. The initial depth (d) of the beam was 17.5 ins., and the 
amount of the compression (a<Z) 2 ins. Thus the error (A/) in the skin 
tress is

5123
A /= — 2-jy-jr-2 = 1171 lbs. per sq. in.,

and the actual stress becomes 6123 + 1171 = 6294 lbs. per sq. in., 
showing an increase of 22.8 per cent.
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Now, in every example of transverse testing, the material is more or 
less compressed at the central support. The central support in the 
following examples was a hardwood block of 44 ins. diameter. The 
amount of the compression at this support depends not only upon the 
nature of the material of the beam and upon the character of the sup
port, but also very especially upon the ratio of the length of the beam to 
its depth. In calculating the skin stress correspon ling to the breaking 
weight, therefore, three assumptions may be made :—

1st. That the compression at the support may be disregarded.
2nd. That the effective depth of the beam may be taken as equal to 

the initial depth minus the amount of the compression, and that the usual 
law may be assumed to hold good for the whole of this effective depth.

3rd. That the compression portion of the bum is alone affected, so 
that the so-called neutral plane remains in the same position relatively 
to the tension face of the beam from the commencement of the test to 
the end.

Calculations based upon these three assumptions have been mide in 
several of the following cases, and it will be observed that in all cases 
the skin stress calculated upon the Erst assumption is invariably h'ss than 
the skin stress determined upon cither of the rem lining assumptions.

Thus any error is on the safe side.
It should be remembered, however, that it is possible, and even pro

bable, that neither of those assumptions is even a pproximately correct, 
at all events, beyond the limit of elasticity, which in the case of timber, 
still romains indefinite. The portion in compression doubtless acquires 
increased rigidity, and Pm exerts a continually increasing resistance, so 
that there is produced a more or less perfect equalization of stress 
throughout the portion of the beam under compression, and this equal
ization will doubtless rnateri illy affect both the elasticity and the 
strength.

An interesting paper on the surface-loading of beams was presented 
by Prof. C. A. Carus-VVilson to the Physic d Society of London, (Kng.), 
and an abstract of this Paper is t> be foun I in the author’s treatise on 
the Theory of Structures.

The co-efficient of elasticity, ns determined by the tranverse loading, 
is deduced from the formula

1 AlP U 
E — 4 A D- bd*

IP being the increment of weight corresponding to the increment
D of the deflection.
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Hero again on error A d in the estimated depth will produce an 
error A E in the calculated co efficient of elasticity measured by

A £= — 3 -d *d.

DOUGLAS FIR.

Itcams I to III were sent to the Testing Laboratory by Mr. John Ken
nedy, Chief Bngineer of the Montreal Harbour Works.

Beams I and II were of good average quality.
Beam I was tested on March 1st, 1893, with the annual rings as in 

Fig. 3. The load wits gradually increased until it amounted to 45,000 
lbs., when the beam failed by the tearing apart of the fibres on the ten
sion face.

The maximum skin stress corresponding to the breaking weight of 
45,000 lbs. is 4,897 lbs. per square inch,

Tho oo-effioient of elasticity, as deduced from an increment in the 
deflection of .23 in. between the loads of 3,590 and 22,500 lbs is 
1,138,900 lbs.

Table A shows the several readings.
Beam II was tested on March 2nd, 1893, with the annual rings 

running as in Fig. 4.
The load was gradually increased until it amounted to36,575 lbs., 

when the beam failed by shearing longitudinally.

46000 36 3 7S

1 » Fit. * F'g J

The maximum skin stress corresponding to this breaking weight is 
4,378 lbs. per square inch.

In connection with this experiment it is of interest to note that the 
timber, although it had failed by longitudinal shear, still possessed a 
very large amount of transverse strength, and similar facts will be 
subsequently referred to in the case of other beams. After the frac
ture, the load upon tho beam was again gradually increased to 34,000 
lbs. before a second failure occurred.
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The co-efficient of elasticity, as determined by the increment in the 
deflection of .1 in. between the loads 2,000 and 18,000 lbs., is 1,146,- 
900 lbs.

Table B shows the several readings.
Beam III was tested on March 2nd, 1893, with the annual rings 

as in Fig. 5.
This Beam was of especially excellent quality, with clear, close, 

parallel grain, perfectly sound and free from knots.
The load was gradually increased until it amounted to 12,950 lbs., 

when it failed by shearing longitudinally.
The maximum skin stress corresponding to the breaking load is 

10,441 lbs. per square inch.
Tbc co-efficient of elasticity, as determined by an increment in the 

deflection of .2 in. between the loads of 500 and 4,500 lbs., is 2,178,- 
100 lbs.

Table B gives the several readings.
Beams IV to VIII were sent to the laboratory by tho British 

Columbia Mills Timber & Trading Company through Mr. C. M. 
Beecher.

These beams were cut out of trees grown on the coast section of 
British Columbia, and felled in the fall or during the winter. The 
whole of the beams were free from knots, of good quality, and with the 
grain running straight from end to end.

Beam IV was tested May 17th, 1893, with the annual rings some
what oblique as shown in Fig. 6. Under a load of 16,720 lbs. it

1
>67 tO-

v/eare after

fftvr*. e.
failed by shearing longitudinally along a plane AB at right angles to 
the annual rings, the distance between tho ends of the portions above 
and below the plane of shear being J in. The plane of shear extended 
to a distance of about 36 ins. from the end of the beam.

The maximum skin stress corresponding to the breaking load is 
4,156 lbs. per square inoh.

The co-efficient of elasticity, as determined by an increase in the
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deflection of .14 in. between the loads of 2,000 and 8,000 lbs., is 
926,500 lbs.

Table B shows the several readings.
After the beam had sheared longitudinally, the jockey weight was 

run back, and the load again gradually applied until it amounted to 
15,000 lbs., when fracture occurred by the tearing apart of the fibres 
on the tension face. Under this load of 15,000 lbs. an opening of 4 in. 
was developed in the end at the plane of shear.

On May 11th this beam weighed 56 lbs. 13 oss., or 28.59 lbs. per 
cubic foot. On May 17th, the weight of the beam was 56 lbs. 3 oss., 
or 28.27 lbs. per cubic foot, so that while in the laboratory this beam 
lost in weight at the rate of .0533 lb. per cubic foot per day. *

Beam V was tested on May 19th, 1893, with the annual rings 
somewhat oblique as shown in Fig, 7. It failed by the tearing apart 
of the fibres on the tension face under a load of 23,610 lbs.

f>t r "t •
The maximum skin stress corresponding to this load is 5,869 lbs. 

per square inch.
The co-efficient of elasticity, as determined by an increase in the 

deflection of .24 in. between the loads of 1,000 lbs. and 11,500 lbs., is 
946,270 lbs.

Table B shows the several readings.
The weight of the beam on May 11th was 59 lbs., or 29.59 lbs. per 

cubic foot. The weight of the beam on May 19th was 58 lbs. 3 oss., 
or 29.18 lbs. per cubic foot, so that the loss in weight in the laboratory 
was at the rate of .05125 lb. per cubic foot per day.

Beam VI was tested May 22nd, 1893, with the annual rings as 
in Fig. 8. Under a load of 15,480 lbs. it failed by the tearing apart 
of the fibres on the tension face.

The corresponding maximum skin stress is 7,116 lbs.
The co-efficient of elasticity as determined by an increase in the 

deflection of .3 in. between the loads of 500 lbs. and 8,000 lbs. is 
1,489,215 lbs.
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Table B shows the several readings.
The weight of the beam on May 11th was 49 lbs. (I ok, or 31.05 

lbs. per cubic foot, and the weight on May 22nd was 48 lbs. 1 oz., or 
30.23 lbs., showing a loss of weight while in the laboratory at the rate 
of .0745 lb. per cubic foot per day.

Beam VII was tested on May 19th, 1893. In this beam the annu
al rings ran somewhat obliquely os in Fig. 9. Under a loud of 
17,615 lbs., the beam sheared longitudinally along the plane AB, 
Fig. 10, the distance between the ends of the portions above and 
below the plane of shear being 3-16ths of an inch. The plane of 
shear extended to a distance of 46 ins. from the end of the beam.

I
/*•/*

Vtflnr afttr l&Shtor
//#.* ft&'o.

*ic*taft*r 2^Shear
fig. //.

The maximum skin stress corresponding to this breaking weight of 
17,615 lbs. is 8,712 lbs.

The co efficient of elasticity, as determined by an increase in the 
deflection of .255 in, between the loads of 500 lbs. and 8,500 lbs., is 
2,052,250 lbs.

Table B shows the several readings.
Immediately after the longitudinal shear the jockey weight was run 

back until it indicated a load of 5,090 lbs. when the lever again floated. 
The weight was then gradually increased until it amounted to 11,840 
lbs., when there was a second longitudinal shear along the plane CD at 
the other end, Fig. 11, The lap at the plane AB was now increased 
from 3-lOths in. to 3-lOths in., and the distance between the ends of 
the portions ab we and below the plane of shear at the other cod of 
the beam was 3-20ths of an inch.

After this second shear thi joekoy weight was run back to 6,810 lbs. 
when the lever floated. The load was gradually increased until it 
amounted to 8,990 lbs., when the beam was fractured by the tearing 
apart of the fibres on the tension face.
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On May lltli, this taain weighed 60 Ibt. 4 on., or 40.69 lbs. per 
cubic foot, and the weight on May 19th was 59 lbs. 2 on., or 39.92 
lbs. per cubio foot, showing a loss of weight in the laboratory at the 
rate of .09625 lb. per cubio foot per day.

Beam VIII was tested May 22nd, 1893. In this beam the annual 
rings were oblique as in Fig. 12. Under a load of 11,700 lbs. it 
failed at the support by the tearing apart of the fibres on the tension 
face.

rig.it. Fig./s. hg. 1

The maximum skin stress due to th's load is 8,382 lbs. per square 
inch.

The eo efficicnt of elasticity, as determined by an increase in the 
deflection of .32 in. between loads of 1,000 lbs. to 5,500 lbs., is 
1,559,950 lbs.

Table B shows the several readings.
The weight of this beam on May 1 lth was 44 lbs., or 36.76 lbs. 

per cubic foot, and its weight on May 22nd was 42 lbs. 14 ozs., or 
35.74 lbs. per cubic foot, showing a loss of weight in the laboratory at 
the rate of .0927 lb. per cubio foot per day.

Beams IX to XVI were sent to the laboratory by Mr. P. A. 
Peterson, chief engineer of the Canadian Pacific Railway.

Beam IX was grown on the mainland half way between Vancouver 
and New Westminster, in a flat country not much above the sea 
level. It was eut from a log 26 ins. in diameter and 34 feet in 
length, which was felled about the month of May, 1892. The log was 
floated to the mill at Vancouver, and lay in fresh water for ton months.

Tho timber corresponded to first quality in the market, its grain 
being straight and running parallel to the axis. It contained a season 
crack on the widest face, about 11 feet long, 3J ins. below the edge, and 
about 1J in. deep. The beam was tested Nov. 13th, 1893, with the 
annual rings as in Fig. 13, the heart of the tree being in one of the
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vertical faces. Under a load of 51,600 lbs. this beam failed at the 
support by the tearing apart at the centre of the fibres on the tension 
face.

The maximum skin stress corresponding to this load is 7,974 lbs. per 
square inch.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .77 in. between the loads of 1,000 lbs. and 20,000 lbs., is 
1,767,990 lbs.

Table C shows the several readings
The weight of the beam was 603 lbs., or 36.49 lbs. per cubic foot on 

Oct. 3rd, 590 lbs. 13 ozs., or 35.76 lbs. per cubic foot on Nov. 10th, 
and 590 lbs. on Nov. 13tb, showing a loss of weight while in the 
laboratory at the rate of .0195 lb. per cubic foot per day.

Beam X. This beam was tested Nov. 11th, 1893, with the annual 
rings as in Fig. 14. It was cut from a log 32 ins. in diameter grown 
on the mainland 120 miles north and west of Vancouver, on a hill
side about 100 feet above the sea-level. The log was felled in the 
winter of 1892-93, and was then towed to the mill, and remained in 
salt water six months.

The grain in this beam ran crosswise, and it failed by a cross frac
ture along the plane AB, Fig. 15.

The fracture occurred under a load of 18,000 lbs., corresponding to a 
maximum skin stress of 4,027 lbs. per square inch. The co-efficient of 
elasticity, as determined by au increase in the end deflections of ,84-in. 
between the loads 1,000 lbs. and 15,000 lbs., is 1,637,806 lbs.

Table C shows the several readings.
The weight of the beam was 407 lbs. 2 ozs., or 38.94 lbs. per cubic 

foot on Oct. 3rd, 406 lbs. 8 ozs., or 37.80 lbs. per cubic foot on Nov. 
10th, and 404 lbs. 13 ozs., or 37.79 lbs. per cubic foot on Nov, 13th, 
showing a loss of weight in the laborat >ry at the rate of .03 lbs. per 
cubic foot per day.

Beam XI. This beam was tested November, 7th, 1893, with the 
annual rings as in Fig. 16. Its history is the same as that of Beam

right •"I
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X. The timber was of a quality corresponding to first quality in the 
market, and the grain lor the most part was parallel with the axis. It 
contained a few season cracks. On the tension face of the beam the fibres 
crossed from back to front in a distance of3J ft., commencing about five 
feet one end. The beam contained the heart of the tree, the annual 
rings being as in the Figure.

Under a load of 35,800 lbs. the beam failed by the faring apart of 
the fibres on the tension face.

The maximum skin stress corresponding to this load is 5,698 lbs. per 
square inch.

The co-cffieient of elasticity, as determined by an increase in the 
deflection of .545 ins. between the loads of 2,500 and 16,600 lbs., is 
1,770,563 lbs.

Table D shows the several readings.
The weight of the beam was 595 lbs. 2 ozs., or 37.76 lbs. per cubic 

foot on October 3rd, and 583 lbs., or 36.99 lbs. per cubic foot on Nov. 
14th, showing a loss of weight in the laboratory at the rate of .0183 
lbs. per cubic foot per day.

Table D shews the several readings.
The time occupied by the test was 29 minutes.
Beam XII was tested Nov. 18th, 1893, with the annual rings as in 

Fig. 17. This beam was cut from a log 28 ins. in diameter, grown 
probably about 30 feet above the sea-level at Port Grey, about eight 
miles from Vancouver. The tree was felled in August, 1892 ; it 
remained in salt water nine months, being alternately wet and dry 
according to the tide ; it was then towed to the mill and cut up.

Fig. 17.

«•lee
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The grain was straight and parallel to the axis, and the timber was 
of good quality corresponding to first quality in the market It shewed 
several knots of medium size and a few season cracks. The beam con
tained the heart of the tree, the annual rings being as in Fig. 17.
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Under a load of 49,000 lbs. the beam failed by shearing longitudinally 
along the season crack AB.

Under this load the maximum skin stress is 7,645 lbs. per sq. in.
The co-efficient of elasticity as determined by an increment in the 

deflections of .545 ins. between the loads 2,500 lbs. and 15,000 lbs. is 
1,678,800 lbs.

Table D shews the several readings.
The time occupied by the test was 37 minutes.
The weight of the beam was 572 lbs., or 36.65 lbs. per cubic foot on 

Oct. 3rd, and 558 lbs. 4 ozs., or 34.79 lbs. per cubic foot on Nov. 17th, 
showing a loss of weight in the laboratory at the rate of .0191 lbs. per 
cubic foot per day.

Beam XIII. The history of this beam is the same as that of Beam 
IX. The beam was tested on Nov. 17th, 1893. The heart of the tree 
was in one of the faces, the annual rings being as in Fig. 18.

The timber was in good condition and of a qu dity corresponding 
to first quality in the market ; there were small season cracks along the 
back of the beam, in the neighbourhood of the neutral plane, and there 
were also small season cracks along the whole of the front about 3-ins. 
above the face in compression.

Under a load of 29,300 lbs. this beam failed by the crippling of the 
fibres on the compression face, commencing at a small knot at the back, 
Fig. 19.

,.A.
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The maximum skin stress corresponding to this load is 6,912 lbs. per 
square inch.

The co-efficient of elasticity as determined by an increase in the 
deflection of .805 ins. between the loads 1,000 lbs. and IS, as. is 
1,643,193 lbs.

Table B shows the several readings.

6
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The beam weighed 381 lu. 15 ot., or 34.56 lbs. per cubic foot on 
Get. 3rd, and 375 lbs., or 34.13 lbs. per cubic foot on Not. 15th, 
showing a loss of weight in the laboratory at the rate of .01 lb per cubic 
foot per day.

The time occupied by the test was 45 minutes.
Beam XIV is in reality Beam XIII re-tested, the second test having 

been made Dec. 2nd, 1893. The beam was replaced in the machine 
with the crippled side reversed so as to be in tension. The loid was 
then gradually applied until it amounted to 17,600 lbs., when the 
beam failed on the tension side by the tearing apart of the fibres along 
the surface at which the crippling took place on the previous test.

The maximum skin stress corresponding to this load is 4,082 lbs. per 
square inch as comparut! with 6,912 lbs. per square inch in the first 
test. The co-efficient of elasticity, as determined by an increment in 
th j deflection of .51 ins. between the loads of 1,000 lbs. and 8,000 
lbs., is 1,513,950 lbs, as compared with 1,643,193 lbs. in the first test.

Table E shews the several readings.
This experiment therefore shews that although the beam may have 

been crippled by undue pressure, it still retained a large amount of 
strength as well as elasticity.

Table E gives the several readings.
Beam XV. This beam was tested Nov. 18tli, 1893. The timber 

was excellent in quality, equal to first quality in the market, clear and 
straight grained and free from knots. Its history is the same as that 
of Beam XII. The annual rings were oblique as in Fig. 20.

Jrant vitwv.af ctntYr,aft*rt*<t
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Under a load of 37,000 lbs. the beam failed by the crippling of the 
fibres on the compression face, Fig. 21.
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The maximum skin stress corresponding to this load is 8,020 lbs. per 
square inch.

The total compression of the material was .34 in., and the maximum 
skin compressive stress, taking 1,466 in. as the effective depth, is 8,189 
lbs. per sq. in., the corresponding skin tension stress being 8,577 lbs. per 
in. sq.

Assuming the ordinary law to hold good for the whole of the effective 
depth, the maximum skin stress would be 8,511 lbs, per sq. in.

The co-efficient of elasticity as determined by an increment in the 
deflection of .755 ins. between the loads, 2,000 lbs. and 18,000 lbs., 
is 1,989,400 lbs.

Table B shews the several readings.
The time occupied by the test was 30 minutes.
The weight of the beam was 445 lbs. 6 oss., or 39.99 lbs. per cubic 

foot on Oct. 3rd, and 433 lbs. 13 oss., or 38.92 lbs. per cubic foot on 
Nov. 17th, showing a loss of weight in the laboratory at the rate of 
.0237 lbs. per cubic foot per day.

Beam XVI. This is really Beam XV re-tested, the second test having 
been made on Dec. 8th, 1893. In the first test the beam had failed by 
crippling on the compression face ; the beam was now reversed, and 
under a load of 25,630 lbs. it failed by the tearing apart of the fibres 
on the tension face along the surface at which the crippling had pre
viously taken place. The tensile fracture extended 2 inches below the 
skin. The jockey weight was now run back until the lever again 
floated, and the load was gradually increased until it amounted to 
32,000 lbs., when the beam fractured a second time on the tension side, 
the fracture extending to a depth of 5 inches below the skin. The first 
fracture was accompanied by a longitudinal opening (as in Fig.) about 
60 inches in extent. A second longitudinal opening, also about 60 
inches long, occurred at the second fracture.
a The maximum skin stress corresponding to the breaking load of 25,- 

68C lbs. is 6,466 lbs. per square inch.
The co-efficient of elasticity, as determined by an increment in the 

deflection of .54 ins. between the loads of 1,000 lbs. and 11,500 lbs,, 
was 1,825,450 lbs.

Table E gives the several readings.
The weight of the beam was reduced to 428 lbs., or 38.40 lbs. per 

cubic foot, showing a loss between the test on Nov. 17th and that on 
Dec. 8th at the rate of .02476 lbs. per cubic foot per day.

Beams XVII to XXI were sent to the testing laboratories by the
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British Columbia Mills Timber & Trading Company through Mr 
O. M. Beecher. The whole of these timbers were out on the coast sec
tion of British Columbia. The trees from which Beams XVII, XVIII, 
XX and XXI were cut, were filled during the summer of 1893, and 
came from Hartney's Camp, Seymour Creek, while Beam XIX was 
cut from a tree felled in the spring of 1894, and came from Bowling's 
Camp, Salmon Arm.

Beam XVII was tested June 24th, 1891. This beam was coarse 
grained, the grain running very nearly parallel with the axis, and it 
contained a number of small knots on the compression side. It was 
cut from the heart of the tree, and was tested with the annual rings 
as in Fig. 22.
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Under a load of 48,000 lbs. it tailed by ihc tearing apart of the fibres 
on the tension face, the corresponding maximum skin stress, neglecting 
the compression of the timber, being 4,906 lbs. per square inch. The 
tensile fracture was followed immediately by a longitudinal shear, coin
cident with the neutral plane at the centre of the beam, and extending 
for a distance of 8 feet from the end, Fig. 26. The distance between 
the portions of the beam above and below the plane of shear at the end 
was 3-lOths of an inch. Figs. 23 and 24 aro sections at the end and 
at the centre showing the nature of the fractures.

The total compression of the material was 1.83 ins., and the max
imum skin compressive stress, taking 13.295 ins. as the effective depth, 
is 5,193 lbs. per square inch, the corresponding stress in the tension 
skin being 6,851 lbs. per square inch.

Assuming the ordinary law to hold good for the whole of this effective 
depth, the maximum skin stress would be 6,350 lbs. per square inch.

The co-efficient of elasticity as determined by an increment in the 
deflection of .335 ins. between the loads 10,000 lbs. and 30,000 lbs., 
is 1,259,600 lbs. f
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Tabic F gives the several readings.
The weight of the beam, when shipped from Vancouver about April 

21st, was 428 lbs., or 37.21 lbs. per cubic foot; on reaching the Labora
tory on June 9th, the weight was found to be 411 lbs. lOots., or 35.78 
lbs. per cubic foot, and on the day of the test, namely, June 24th, the 
weight was 404 lbs. 8 ois., or 35.17 lbs per cubic foot, showing a loss 
at the rate of .02918 lb. per cubic foot per day between Vancouver 
and the laboratory, and a loss at the rale of .04067 lb. per cubic foot per 
day while in the laboratory.

Beam XVIII. This beam was coarsegrained, and contained several 
large and small knots ; it was cut from the heart of the tree. It was 
tested Sept. 28ih, 1894, with the annual rings as in Fig. 26.

The load on the beam was gradually increased to 12,000 lbs. 
The beam was now gradually relieved from strain until the load had 
been reduced to 1,000 lbs. without showing any set. Tho load was 
again gradually increased from 1,000 lbs. up to 19,000 lbs., when the 
beam was again relieved from load and the readings were taken for 
each difference of 1,000 lbst

When the load had been reduced to 1,000 lbs., the deflection at the 
centre was observed to be .015 in. as compared with .005 in. in the 
forward movement, and as soon as the beam was relieved of this 1,000 
lbs., it returned to its initial condition without showing any set what
ever.

The time occupied by the fir.-t loading was 10 minutes, by the second 
loading 12 minutes, and by the relieving from load 8 minutes.

In the final test the load was gradually increased from nil until it 
amounted to 69,400 lbs., when the beam failed by shearing longitu
dinally, the shear being immediately followed by the tearing apart of 
the fibres on the tension face, Figs. 27, 28,29.

/ J »
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The maximum skin stress corresponding to the breaking load was 
5,196 lbs. per square inch.

The co efficient of elasticity, as deduced from an increment in the 
deflection of 1-10th of an inch between the loads of 2,000 lbs. and 12,000 
lbs., being 1,329,900 lbs.

Table F gives the several readings.
The weight of the beam at the date of shipment from Vancouver, 

April 21st, was 512 lbs., or 39,08 lbs. per cubic foot On reaching 
the laboratory, on June 9th, this weight was 492 lbs. 10 ozs., or 37.60 
lbs. per cubic foot, and the weight on Sept. 25th was 466 lbs. 0 ozs., 
or 35.69 lbs, per cubic foot, showing a loss in weight between Van
couver and the laboratory at the rate of .0302 lb. per cubic foot per 
day, and a loss of weight in the laboratory at the rate of .0181 lb. per 
cubic foot per day.

Beam XIX. This beam w as of exceptionally good quality, with clear 
close grain and no knots. It was tested Oct. 2nd, 1894, with the an
nual rings nearly vertical, as in Fig. 30.

fig.se 3*9+0
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The load on the beam was gtadually intreasid up to 16,000 lbs. 
when it was gradually relieved from load, the readings being taken for 
each diminution of 4,000 lbs. The corresponding readings are indicated
in Table F.

When it was completely relieved from load, the scales showed readings 
of.1:05 in. at the centre, .001 in. and .003 in. at the ends. These readings 
were probably due to inequalities in the timber or a possible sliding 
of the scales, as the beam showed no evident sign of set.

The load was again immediately increased gradually from nil until it 
amounted to 59,540 lbs., when the beam failed by longitudinal shear, 
followed by the splintering of the upper edges on the tension side, Figs. 
31, 32. Fracture was also indicated by the crippling of the fibres on the 
compression side taking place between 58,000 and 59,540 lbs.

The distance between the portions of the beam above and below'’the 
plane of shear at the end was .36 in. as in the figure.
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The maximum skin stress corresponding to the breaking load is 9,043 
lbs. per square inch.

The co efficient of elasticity, as deduced by an increase in the deflec
tion of .3 in. between the loads ol'2,000 lbs. and 16,000 lbs., is 1,934,. 
600 lbs.

Table F shows the several readings.
The time occupied by the first loading was 10^ mins., by the relieving 

from the load 6f mins., and by the second loading from nil to the max., 
15i mins.

The weight of this beam on April 21st, the date of its shipment 
from Vanconver, was 410 lbs., or 44.99 lbs. per cubic foot. On reaching 
the laboratory the weight was 392 lbs. 8 ozs., or 43.07 lbs. per cubic 
foot, and the weight on Oct. 2nd, the date of the tost, was 375 lbs. 
10 ozs., or 41.22 lbs. per cubic foot, showing a loss of weight at the rate of 
.0392 lb. per cubic foot per day between Vancouver and the labo
ratory, and a loss at the rate of .0161 lb. per cubic foot per day 
while in the laboratory.

Beam XX. This beaùi was cut from the heart of the tree, and was 
tested Nov. 3rd., 1894, with the annual rings as in Fig. 33.

It was coarse grained, the grain being very nearly parallel with the 
axis, and contained a number of knots.

i
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The load was gradually increased until it amounted 12,000 lbs., 
and at this point the beam was gradually relieved from load, readings 
being taken for every diminution of 2,000 lbs. When the load had been 
reduced to 500 lbs., the reading at the centre was .001 in., probably 
due to a movement of the scale. The load was again gradually increased 
until it amounted to 40,000 lbs., when the beam failed by the crippling 
of the fibres on the compression side in the neighbourhood of a small 
knot 1 Jin. above the compression face, Figs. 34,35, 36. The crippling
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extended about 4 ins, above this face. The load was still gradually 
increased until it amounted to 49,600 lbs., when the beam again failed 
by the tearing apart of the fibres on the tension face.

The maximum skin stress corresponding to the load of 40,000 lbs., 
and disregarding the compression of the timber, is 6,559 lbs., and 
the skin stress corresponding to the load of 49,600 lbs. is 8,127 lbs. 
per square inch.

The total compression of the timber was .345 ins., so that taking the 
effective depth under this load to be 11.655 ins., the maximum skin cour 
pressive stress would bo 6,710 lbs. per square inch, the corresponding 
skin tension stress being 7,125 lbs. per square inch.

Assuming the ordinary law to hold good for the whole of the effective 
depth, the maximum skin stress would be 6,936 lbs per square inch.

The co efficient of elasticity, as deduced from a change in the deflec
tion of.22 in. between the loads 4,000 lbs. and 12,000 lbs., both forwards 
and while being relieved from load in the first reading, and also during 
the second loading, is 1,571,150 lbs.

Table G shows the several readings.
The weight of this beam when shipped from Vancouver, April 21st, 

was 319 lbs, or 41.16 lbs. per cubic foot ; when delivered at the labora
tory on June 9th, it weighed 329 lbs., or 36.70 lbs. per cubic foot, and 
on Nov. 3rd it weighed 311 lbs. 6| ozs., or 31 92 lbs. per cubic foot, 
showing a loss of weight between Vancouver and the laboratory at the 
rate of .091 lb. per cubic foot per day, and a loss while in the labora
tory at the rate of .0121 lb. per cubic foot per day.

The time occupied by the test was 26 mins.
Beam XXI. This beam was tested Nov. 3rd, 1891, with the annual 

rings as in Fig. 37.
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The load upon the beam was gradually inertastd until it amounted 
to 6,000 lbs, when it was gradually relieved of oad, at the rate of 1,000
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lbs. for each observation, and the beam returned to its initial condition 
without showing any sign of set. The load was again gradually increased 
until it amounted to 17,960 lbs., when a sharp fracture took place by 
the tearing apart of the fibres on the tension side, and this was accom
panied by a simultaneous crippling of the fibres on the compression 
side, Figs. 38,39, 40.

The maximum skin stress corresponding to the load of 17,960 lbs. is 
7,787 lbs. per square inch.

'The total compression of the timber at the centre was .16 in , so that, 
taking the effective depth at the centre to be 8.82 ins., the maximum 
skin oompr.ssivc stress at the point of fracture is 7,901 lbs. per Bquare 
inch, the corresponding skin tensile stress being 8,221 lbs. per sq. in.

Assuming the ordinary law to hold good for the whole of the effec
tive depth, the max. skin stress would be 8,100 lbs. per sq. in.

The co-efficient of elasticity, as deduced by a change in the deflec
tion of .48 in. between the loads of 1,000 lbs. and 6,000 lbs., during the 
first loading, and while being relieved of load, is 1,588,400 lbs.

Table G shows the stvcral readings.
The weight of this beam when shipped from Vancouver, April 21st, 

was 164 lbs., or 38.86 lbs. per cubic foot ; when received at the labora
tory on June 9th, the weight was 151 lbs. 4 ozs., or 33.02 lbs. per cubic 
foot, and on Nov. 13th, the date of test, the weight was 139 lbs. 10J 
oxs., or 30.83 lbs. per cubic foot, «bowing a loss of weight bciween Van
couver and the laboratory at the rate of .1192 .bs. per cubic foot per 
day, and a loss of weight while in the laboratory at the rate of .0149 
lbs. per cubic foot per day.

The time occupied by the test was 18Jr mins.

OLD DOUGLAS Flit.
Beams XXII-XXV were sent to the laboratory by Mr. P. A. 

Peterson, Chief Engineer of the Canadian Pacific ltailway.
These beams were four old stringers taken from trestles numbered 

428, 35, 316 and 789.
Trestle 428 is about half way between Cisco Cantilever Bridge and 

Lytton. It was erected in the early summer of 1884, and the timbers 
had consequently been in position for nine years. It is in a dry coun
try, with very little rainfall, and subject to a hot sun in summer. The 
stringer from this structure was cut out of a log probably grown on a 
flat about three miles west of Hope, where mo-' of the trees were wind- 
shaken.
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Trestle No. 35 is about one mile west of Port Moody, and was built 
in the early spring of 1887, so that the stringer was in position for a 
period of 6J years in a place subject to the heaviest rainfall in the 
province. The stringer tvas cut from a log most probably grown at 
Point Grey, about eight miles from Vancouver.

Trestle No. 316 is two miles oast of Spuizum. The stringer from 
this trestle was cut from a log grown on a bench near Spuzium about 
500 feet above the sea level. It was prepare 1 and framed in 1831, 
and erected in 1883, so that it was eleven years in position in a district 
with a climate similar to that of Nova Scotia. As the railway hero 
runs north and south, the sun had not the same effect upon the stringers 
as on other parts of the line.

Trestle No. 789 is on Knmloopa Lake, six miles east of Savona, and 
was erected in the spring of 1885, so that the timbers had been in 
service for a period of eight years. The neighbourhood is dry, but the 
trestle, being situated under a high bluff, is protected from the after, 
noon sun. The stringer from this structure was cut out of a log prob
ably grown about three miles west of Hope, at the same place as the 
timbers used in structure No. 428.

Beam XXII free Trestle 428 was tested Nov. 25th, 1893, with 
the annual rings as in Fig. 41

r/g
There were two vertical 1 in. bolt holes in the timber,—one near the 

centre and one at the end. There were also several season cracks in 
the timber, one being somewhat large.

The load upon the beam was gradually increased until it amounted 
to 55,400 lbs., when the beam failed by a longitudinal shear, as 
in Figs. 42, 43.

The distance between the portions of the beam above and below the 
plane of shear at the end was fths of an inch.

The maximum skin stress corresponding to the breaking load is 
7,086 lbs. per square inch.
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The total compression of the timber at the centre was .63 in., so that, 
taking the effective depth at 15.0575 ins., the maximum skin compres
sive stress is 7,264 lbs. per square inch, the corresponding tensile skin 
stress being 7,898 lbs. per square inch.

Assuming the usual law to hold good for the whole of the effective 
depth, the maximum skin stress would be 7,382 lbs. per square inch.

The co-efficient of elasticity, ns deduced by an increase in the deflec
tion of .39 in. bctwceen the loads of 2,000 lbs. and 20,000 lbs., is 
1,639,500 lbs., while it is 1,691,620 lbs. for an increment in the 
deflection of .42 in. between the loads 2 as. and 25 as.

Table H gives the readings under the several loads.
The weight of the beam on the day of test was 33.75 lbs. per cubic 

foot, and the total weight on Oct. 3rd was 438 lbs. 7 ozs.
Beam XXIII from Trestle No. 789 was tested Nov. 28th, 1893, 

with the annual rings is in Fig. 44, and showing the heart in one of 
the faces.
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The load upon the beam was gradually increased until it amounted 
to 47,560 lbs., when the beam failed by the tea rim; apart of the fibres 
on the tension face, which was immediately followed by a longitudinal 
shear, as in Figs. 45, 46.

The maximum skin stress corresponding to the load of 47,560 lbs. 
is 7,339 lbs.

The co-efficient of elasticity, as deduced from an increment of 
.66 in. in the deflection between the loads of 2,000 lbs. and 22,000 lbs., 
is 1,878,950 lbs.

Table I shows the readings under the various loads.
The total weight of the beam on Oct. 3rd was 654 lbs. 12 ozs., or 

38.95 lbs. per cubic foot ; the total weight on Nov. 28th, the date of 
test, was 649 lbs. 8^ ozs., or 38.59 lbs. per cubic foot, showing a loss of 
weight in the laboratory at the rate of .00643 lbs. per cubic foot per

74
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day. Estimating the weight of this beam from a solid block cut out 
of the beam, it was found to be 39.13 lbs. per cubic foot, or .54 lb. 
per cubic foot heavier than the weight deduced from the total weight 
of the whole beam.

Beam XXIV from Trestle No, 35. This beam was tested Nov. 
25th, 1893, with the annual rings as in Fig. 47. It contained two 
vertical J in. bolt holes about half way between the centre and ends, and 
a few knots of average sise appeared on the face. It also contained 
several season cracks.

ffg+a. Ttioe.
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The initial load, including the weight of the beam, was 5,000 lbs., 
and the load was gradually increased up to 41,000 lbs., when the 
material at one end of the beam was crushed in. The ends of the beam 
were found to be very much the worse for wear and in a rotten condi
tion. Releasing the beam from load the ends were sawn off and the 
beam was replaced at 9 ft. centres, when the load was gradually in
creased until it amounted to 76,900 lbs. Under this load the beam 
failed by longitudinal shear, which was accompanied by a certain 
amount of crippling of the fibres on the compression side of the centre, 
as in Figs. 48, 49.

The maximum skin stress corresponding to the breaking load of 76,- 
900 lbs. was 0,135 lbs. per square inch.

The total compression under a load of 41,000 lbs. at the centre was 
1.7 in., and taking the effective depth of the beam to be 14.6-ins., the 
corresponding maximum skin compressive stress is 6,495 lbs. per square 
inch, the corresponding skin tensile stress being 8,221 lbs. per square 
inch.

Assuming the ordinary law to hold good for the whole of the effec
tive depth, the maximum skin stress would be 7,662 lbs. per square 
inch.
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The co efficient of elasticity, as determined by an increase in the de
flection of .16 in. between the loads of 11,000 and 22,000 lb*., is 
1,199,741 lbs. ; as determined by an increment of the deflection of 
.93 in. between the loads 10,000 lbs. and 32,000 lbs., it is 1,163,334 
lbs. ; and as deduced from an increment in the deflection of .29 in, 
the mean between .285 in. and .295 in., the increments between the 
loads of 6,000 and 25,000 lbs. and 10,000 and 30,000 lbs. respectively, 
it is 1,203,500 lbs.

Table H shows the several readings.
The total weight of the beam on Nov. 25th, the date of test, was 

331 lbs. 9 ozs., or 32.8 lbs. per cubic foot. After cutting off the ends, 
the’weight of a length of 9 feet was 262 lbs. 5 ozs., or 33.4 lbs. per 
cubic foot. The total weight of the beam on October 3rd was 339 lbs. 
9 oz.

Beam XXV from Trestle 316. This beam was tested Nov. 28th, 
1893, with the annual rings as in Fig. 50, and showing the heart,on 
one of the faces.

fig SO.
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It contained one vertical bolt hole, several knots, and many season 

cracks. The grain was straight.
The load upon the beam was gradually increased until it amounted 

to 42,900 lbs., when a large splinter broke off on the tension face, and 
the beam failed by longitudinal shear, as in Figs. 61, 52.

The maximum skin stress corresponding to this breaking load is 
4,613 lbs. per square inch.

The co efficient of clastleiiy, as determined by an increment in the 
deflection of .335 in. between the loads of 4,000 lbs. and 20,000 lbs., 
is 949,720 lbs.

Table I shows the readings for the several loads.
The total weight of the beam on October 3rd was 422 lbs., or 34.44 

lbs. per cubic foot, and on Nov. 28th, the date of test, the weight was 
406 lbs., or 33.11 lbs. par cubic foot, showing a loss of weight in the 
laboratory at the rate of .237 lbs. per cubic foot per day.
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The time occupied by the test was 30 minutes.
The following table gives a summary of the results obtained for

Douglas Fir :—

• = t-
£ 7. Ê _•
u Z *
*:= .E £ * -

Bui. Dimensions in inches. l ±JSC - z “
- d = i
11 x T

5 V
New Timber, specially selected.

\l d b 11
m. 116 X 5.375 x 4 126 10,441 2.178,100

XIX. I3H X 12.1 X 9.1 41.22 9,043 1,934,500
VII. 69 y 6 x 6.8126 39.92 8.712 2,041,115
XV. 198 X 15 X 6.125 38.92 8,020 1.989.400

New Timber, first quality.
.

i a t>
X 198 x 14.875 x 6 37. CO 4,027 1,629,616
XI 204 x 14.875 x 8.6875 36.99 6,698 1,770,56.3
IX 2C4 x 14.875 x 9 35.76 7,694 1,764,939

VIII Gif x 6.125 x 6.6 35.74 8,382 1,584,692
XVIII 138 x 17.8 x 8.76 35.6» 5.196 1,329,900
XVII 138 x 15.125 x 9. 35.17 4.907 1,259,600
XX 138 x 12. X 8.88 34.92 6,559 1,571,150
XII 2114 x 14-875 x 8 8125 34.79 7,646 1 67 1,300

XIII 204 x 14.75 x 66 34.13 6,912 1,643,193
XXI 1.18 x 8.98 x 5.96 30.83 7,784 1,588,400

VI 69 x 6.125 x 6 30.23 7,116 1,489,215
1 96 x 12.125 x 9. 4.897 1,138,900
II 66 x 12.125 x 5.626 4,378 1,146,900
V 69 x 9.125 x 6. 29.18 6,869 940,270

IV 69 x 9.125 x 5. 28.27 4,156 926,500

Old Tin BKR.
1 ,1 0

XXIII 186 x 14.35 x 8.78 38.59 7,339 1,878,950
XXII 162 x 15.6875 x 7.75 33.75 7,086 1,665,560
XXV 144 x 15.65 x H.2 33.11 4,613 949,720
XXIV 132 x 16.2 x 7 75 32.8 6,136 1,201,620

The following data may be adopted in practice :—
In the ease of specially selected timber, free from knot» with sound

clear and straight grain, and cut out of the log at a distance from the
heart :

Average weight in lbs. per cubic foot = 40.
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Average co-efficient of elasticity in lbs. per sq. in. = 2,000,000.
Average maximum skin stress in lbs. per square inch = 9,000.
Safe working skin stress in lbs. per square inch = 3,000 lbs.
In the case of first quality timber, such as is ordinarily found in the 

market :
Average weight in lbs. per cubic foot = 34.
Average co efficient of elasticity in lbs. per square inch = 1,430,000.
Average maximum skin stress in lbs. per square inch = 6,000.
Safe working skin stress in lbs. per square inch = 2,000.
In specifying these data it will be observed lhat 3 is adopted as the 

factor of safety. Upon this hypothesis the factor of safety for the stick 
giving the minimum skin stress is more than 2, and this, in the opinion 
of the author, is an ample factor for a material which experience and 
all experiments show, may be strained without danger very nearly up 
to the point of fracture.

Further, the results obtained in the experiments with the old 
stringers shew that the strength of the timber lmd been retained to a 
very large extent, and that the rotting ha d not extended to'such a depth 
below the skin as to sensibly affect the efficiency of the sticks, which 
still possessed ample strength for the work they were designed to do.

Thus in Beam XXII a diminution in the skin stress of 1,058 lbs. pur 
square inch, which is equivalent to a diminution in the effective depth 
of — 1.076 ins. would still leave 6,000 lbs. per square inch
as the skin stress. Thus if the rotting had extended to depth of 
1.176 ins., the factor of safety would still remain 3.

If 2 is adopted as the factor of safety, and, in the opinion of the 
author, 2 is an ample factor lor the great majority of cases, the rotting 
might extend without danger to a depth of 3.398 ins.

In the case of Beam XXV, which is the old stringer giving the least 
co efficient of strength, namely, 4,613 lbs. per square inch, taking 2 as 
the factor of safety, the effective depth might be diminished by an 
amount of = 1.04 ins. and rot might safely extend to this
depth.

Again, it will be observed that the skin stress and the elasticity are 
subject to a wide variation. This variation is due to many causes, of 
which the most important arc the presence of knots, obliquity of grain, 
and, more than all, the locality in which the timber was grown, the 
original pjsition of the stick in the log from which it was cut, and the 
proportion of hard to soft fibre, or of the summer to the spring growth.
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The tensile shearing and compressive experiments upon specimens cut 
out of different parts of the same log all shew that the timber near the 
heart possesses much less strength and stiffness than the timber at a 
distance from the heart

The accompanying photograph is given to show the variation of 

BEAM XIII BEAM IX

thickness in the growth rings from the heart outwards, and a careful 
study of the results obtained up to date would scent to indicate that 
the best classification defining t ne strength of the timber would be found 
by dividing the section of a log into three parts by means of two circles, 
with the heart as the centre, and by designating the central portion as 
third quality, the portion between the two circles as second quality, 
and the outermost poition as first quality.

A most interesting paper on the structural characteristics of Dou
glas Fir from a botanical standpoint was read by Professor Pcnlmllow, 
F.R.S.C., at the meeting of the Royal Society of Canada in Ottawa, 
in 1894, in connection with a paper by the author on the strength of 
the timber.

RED PINE.

Beams XXVI to XXXIII were sent to the laboratory by Messrs. 
McLachlin Bros., of Arnprior.

These beams were not specially selected, but were the ordinary scant
lings in the market. They were cut from logs felled in February or 
March, 1893, in the neighbourhood of the Bonncohère River, Nipissing
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District, County Renfrew. The logs remained in the water from April 
until October, when they were sent to the mill, where they were sawn 
up and piled.

Beam XXVI. This beam was cut from the heart of the tree, and 
was tested March 13th, 1894, with the annual rings, as in Fig. 53.

r,gss
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The load upon the beam was gradually increased until it amounted 
to 13,800 lbs., when the beam failed by the crippling of the 6bres 
on the compression face, Figs. 51, 55. The load was still further 
increased until complete fracture took place by the tearing apart of 
the fibres on the tension face under a load of 17,170 lbs. The crippling 
was in line with a knot running through the timber from back to 
fornt, as in the Figure.

The maximum skin stress corresponding to the load of 13,800 lbs. is 
3,937 lbs. per square inch.

The total compression of the timber at the centre was .2 in., so that, 
taking the effective depth as 13.05. the maximum skin compressive 
stress would be 3,994 lbs. per sq. in., the corresponding skin tensile 
stress l.eing 4,119 lbs. per square inch.

Assuming the ordinary law to h 'ld good for the whole of the effective 
depth, the maximum skin stress would be 4,059 lbs. per square inch.

The co efficient of elasticity, as determine 1 by an increment in the 
deflection of .885 in. between the loads 1,000 and 8,000 lbs., is 1,235,- 
000 lbs , and as determined by an increment in the deflection of -6 in 
between the loads 2,000 and 6 as , is 1,248,990 lbs.

Table K shows the several readings.
The weight of this beam on March 10th was 392 lbs. 2 ois., or 

37.56 lbs. per cubic foot, and on March 13th it was 379 lbs. 4 ozs., 
or 36.39 lbs. per cubic foot, showing a loss of weight in the laboratory 
at the rate of .39 lb. per cubic foot per day,

0
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Benin XXVII was tested April 5th, 1894, with the annual rings 
as in Fig. 66 The beam was cut from the heart of the tree, and the . 
darkened portion in the Figure was sapwood.

/77»«
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The load upon the beam was gradually increased until it amounted 
to 17,700 lbs., when the beam failed by the tearing apart of the fibres 
on the tension face, Figs. 57, 58, at a resin pocket, the fracture 
showing a fine resinous surf ic \

The maximum skin stress corresponding to tlio breaking load in 
5,219 lbs. per square inch.

The total cor .pression of the timber at the centre was .34 in., so that 
taking 12.785 ins. as the effective depth, the maximum skin compres
sive stress would be 5,411 lbs. per square inch, the corresponding skin 
tensile stress being 5,707 lbs. per square inch.

Assuming the ordinary law to hold good for the whole of the effec
tive depth, the maximum skin stress would bo 5,501 lbs. per square 
inch.

The co efficient of elasticity, as deduced from an incremi he 
deflection of .7 in. between the loads 1,500 lbs. and 7,500 lbs., is 1,418,• 
500 lbs.

Table K gives the several readings.
The total weight of the beam on March 10th was 46 lbs. 12 01s., or 

41.61 lbs. per cubic foot ; the total weight on April 5th, the date of test, 
was 397 lbs. 4 ozs., or 36.50 lbs. per cubic foot, showing a loss of 
weight while in the laboratory at the rate of .192 lbs. per cubic foot 
per day.

Beam XXVIII. This beam was cut from the heart of the tree, and 
was tested April 20th, 1894, with the annual rings as shown in Fig. 
59.

ZZ
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1
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The load upon the beam was gradually increased until it amounted 
to 17,050 lbs., when the beam failed by the crippling of the fibres on 
the compression face, Figs. 60, 61. The load was still increased until 
under 19,140 lbs. the beam again failed by the tearing apart of ihe 
fibres on the tension face.

The maximum skin stress corresponding to the load under which 
crippling took place is 6,762 lbs. per square inch.

The total compression of the beam under a load of 17,050 lbs. was 
.24 in., so that taking the effective depth to be 11.01 ins., the corres
ponding maximum skin compressive stress would be 6,886 lbs. per 
square inch, the corresponding skin tensile stress being 7,193 lbs. per 
square inch.

Assuming the usual law to hold good for the whole of the effective 
depth, the maximum skin stress would be 7,050 lbs. per square inch.

The co efficient of elasticity, as determined by an increase in the 
deflection of 1.435 in. between the loads of 2,000 and 12,000 lbs., is 
1,786,000 lbs. ; it is 1,858,400 lbs., as determined by an increment 
in the deflection of .81 in. between the loads 3,500 and 9,500 lbs., and 
is 1,681,100 lbs., as determined by an increment in the deflection of 
1.135 in. between the loads of 2,000 and 10,000 lbs

Table K shows the several readings.
The test occupied 26 minutes.
The weight of the beam on March 10th was 379 lbs. 10 oxs., or 

44.20 lbs. per cubic foot ; upon April 20th, the date of test, the weight 
was 322 lbs. 8 ois., or 37.55 lbs. per cub. fit., showing a loss of weight 
at the rate of .1622 lb. per cubic foot per day.

Beam XXIX. This beam was cut from the heart of the tree, and 
was tested March 13th, 1894, with the annual rings as in Fig. 62.
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The load upon the beam was gradually increased until it amounted 
to 11,960 lbs., whcu the beam tailed by the crippling of the fibres on 
the compression face, Figs 63, 64. The load was still further gra
dually increased to 12,460 lbs , when the beam was completely frac
tured by the tearing apart of the fibres on the tension face.

The maximum skin stress corresponding to the breaking load of 
11,960 lbs. is 4,818 lbs. per square inch.

The total compression of the timber at the centre was .15 in., so that 
taking 11.1 in. as the effective depth, the maximum skin compressive 
stress would be 4,883 lbs. per square inch, the corresponding skin ten
sile stress being 5,016 lbs. per square inch.

Assuming the usual law to hold good for the whole of the effective 
depth, the maximum skin stress would be 4,949 lbs. per square inch.

The co efficient of elasticity, as determined from an increment of 
.86 in. in the deflection between the loads of 1,000 and G bs., is 
1,210,100 lbs. The co efficient of elasticity, as deduced from an in
crement of 1.315 in. in the deflection between the loads of 1,000 lbs. and 
7,000 lbs., is 1,187,000 lbs.

Table \t shews the several readings.
The test occupied 27 minutes.
The total weight of the beam was 290 lbs., or 32.89 lbs. per cubic 

foot on March 10th, and 282 lbs. 6 ozs., or 32.03 lbs. per cubic foot 
on March 13th, showing a loss of weight in the laboratory at the rate 
of ,2866-lb. per cubic foot per day.

Beam XXX. This beam was tested May 3rd, 1894, with the 
annual rings, as in Fig. 65. When the beam was placed in position, 
it showed an upward camber of 24 ins.

3
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The load upon the beam was gradually increased until it amounted 
to 6,700 lbs., when the beam failed by the crippling of the fibres on the 
compression face, Fig. 66, the crippling extending 2J ins. upwards 
from the skin. The load was still increased, and when it amounted to 
6,580 lbs., the beam broke right across the tension face about 2J inches 
from the middle of the beam, and vertically above the second line of 
crippling on the compression side, Fig. 67.

The maximum skin stress corresponding to the breaking load of 
5,700 lbs. is 4,634 lbs. per square inch, and the maximum skin stress 
corresponding to the load of 6,580 lbs. is 5,340 lbs. per square inch.

The co-efficient of elasticity is 1,322,000 lbs., as determined by an 
increment in the defieclion of 1.69 in. between the loads of 1,000 and 
6,000 lbs. ; it is 1,329,900 lbs., as deduced from an increment in the 
deflection of .84 in. between the loads of 2,000 and 4,000 lbs.

Table L shows the several readings.
The weight of this beam on May 4th, the day after the test, was 160 

lbs. 11 ois., or 30.96 lbs. per cubic foot.
Beam XXXI. This beam was tested May 4th, 1894. It was cut 

from the heart of the tree, and the annual rings were situated as in 
Fig. 68. Season cracks ran intermittently from end to end of the beam

1
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in i he neighbourhood of the neutral plane, the cracks extending radially 
outwards from the heart. The beam was free from knots for a distance 
of 7 inches on one side and 1 inch on the other, and the grain ran 
parallel to the axis.

The load upon the beam was gradually increased until it amounted 
to 6,500 lbs., when it failed by a crippling of the fibres on the com
pression face, Fig. 69. The crippling occurred exactly at the centre 
and extended 1.5 in. upwards from the skin. The load was then 
continued, and, when it amounted to 7,900lbs., the beam failed by thc 
tearing apart of the fibres on thc tension face, Figs. 70, 71, and a line 
ot crippling on thc compression side timber opened upwards for a 
distance of about 2 ins. or 3J ins. The fracture on the tension 
side took place about 5J ins from the centre, and the timber opened 
along the annual rings for a distance of 24 ins. oil each side of the 
centre as in the figure.

The maximum skin stress corresponding to the breaking load of 
6,500 lbs. is 5,442 lbs. per square inch.

The co-cfficieut of elasticity, as deduced from an increment in the 
deflection of 1.085 ins. between the loads of 2,000 lbs. and 5,000 lbs., 
was 1,618,900 lbs.

Table L shews the several readings.
This beam when first placed in position, also had a camber of .35 ins. 

in a central length of 14 ft. 6 ins.
Thc weight of the beam on May 4th, thc date of test, was 165 lbs. 

6 os»., or 34.97 lbs. per cubic foot.
Beams XXXII to XXXV might perhaps more properly be designated 

3 ins. planks.
Beam (Plank) XXXII was tested May 7th, 1894. The heart was 

in one oi the faces, and the annual rings were situated as in Fig. 72.
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The load upon the beam gradually increased until it amounted to
6.200 lbs., when it failed by a crippling of the fibres on the compression 
side. The crippling occurred about 1J ins. away from the centre of 
the beam and extended upwards about 1,6 ins. The load was still 
increased, and when it amounted to 5,800 lbs. the beam again failed by 
the tearing apart of tlie fibres on the tension side. A line of crippling 
also extended upwards a further distance of about 2 ins., or about 3| 
ins. from the skin.

The maximum skin stress corre sponding to the breaking load of
5.200 lbs. is 6,928 lbs. per square inch.

The co efficient of elasticity, ns deduced fiom an increment in the 
deflection of 1.67 ins. between the loads 1,000 lbs. and 4,000 lbs., is
1.575.200 lbs. per square inch.

Table L shews the several readings.
The weight of this beam on May 7th, the date of test, was 102 lbs., 

or 31.56 lbs. per cubic foot.
Beam (Plank) XXXIII was tested May 7th, 1894, with the annu

al rings as shown in Fig. 73.
The load upon the beam was gradually increased to 9,250 lbs., 

when failure took place by the crippling of the fibres on the compres
sion side, Figs. 74, 75. There were two lines of crippling on the front 
and one at the middle of the beam at the back. The crippling 
at the back probably occurred first, as the folding of the timber 
extends across the section of the beam along the central line at the lower 
edge, but not up to the point where the failure duo to compression 
was apparently the greatest. In the neighbourhood of the crippling 
in front, the timber was clear, and the grain ran straight and parallel 
with the axis ; at the back there were three knots, which were primarily 
the cause of the crippling.

When the load oil the beam had been increased to 9,900 lbs., 
fracture occurred on the tension side.

The maximum skin stress corresponding to the breaking load of 9,250 
lbs. is 6,554 lbs. per tq. in.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .76 in. between the loads 2,600 and 6,200 lbs., is 
1,618,000 lbs.

Table M shews the several readings.
The weight of the beam on May 7th, date of test, was 128 lbs. 8 

ozs., or 31.87 lbs. per cubic foot
Beam (Plank) XXXIV. This beam was tested May 8th, 1894, 

with the annual rings as in Fig. 76.
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The load upon the beam was gi -laaai.y locivasud until it amounted 
to 5,600 lb»., when the fibre.» on the compression face crippled to a 
small extent. On still further increasing the load, the fibre» on the 
compression face were completely crippled, Figs. 77, 78, and fracture 
also simultaneously occurred on the tension side when the load 
amounted to 8,400 lbs.

The grain of this beam was straight and parallel with the axis, and 
the timber was apparently free from knots lor a distance of about 24 
inches on each side of the centre.

The maximum skin stress corresponding to the breaking load of 
6,000 lbs. is 5,079 lbs. per square inch, and the skin stress corres
ponding to the load of 8,400 lbs., which caused the fracture on the 
tension side, is 7,597 lbs. per square inch.

The co efficient of elasticity, as deduced from an increment in the 
deflection of 1,14 in», between the loads of 600 and 5,600 lbs., was 
1,784,800 lbs.

Table II shews the several readings.
The weight of the beam on May 8th, date of test, was 96 lbs. 2 ox»., 

or 36.59 lbs. per cubic foot.

rtg 7-3
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Beam (Plank) XXXV was tested May 8th, 1894, with the annual 
rings as in Fig. 79. The heart of the tree was very nearly coincident 
with the axis of tho beam, and the grain ran in the same direction. 
Season cracks occurred intermittently thro ghout the beam.

The load upon the beam was gradually increased until it amounted 
to 7,600 tbs., when the beam failed by the crippling of the fibres on the 
compression face, Fig. 80. The load was still increased, and well 
defined crippling occurred when it amounted to 10,050 lbs. When 
the load had reached 13,700 lbs. the beam failed by the tearing 
apart of the fibres on the tension face, Fig. 80.

The maximum skin stress corresponding to the breaking load of 7,600 
lbs. is 4,339 ibs. per square inch.

The co efficient of elasticity, as determined by an increment in the 
deflection of .92 in. between the loads of 500 and 7,600 lbs., is 
1,589,250 lbs., and as determined by an increment in the deflection of 
.025 in. for the corresponding increase of 200 lbs. it is 1,642,900 lbr.

Table M shews the several readings. ,
The weight of the beam on May 8th, date of test, was 128 lb<. 12 

ozs. or 37.69 lbs. per cubic foot.
The following table gives a summary of the results obtained for 

Red Pine :—

Beam. Dimensions in inches.

New Timiier

XXXV.
1 d b

156 x 11.15 x .1.325 37.69 4,339 1,616,075
XXVIII. 210 x 11.25 x 6.34375 37.55 6,752 1,802,633
XXXIV. 156 x 9.125 x 3.125 36.59 5,079

5,219
1,784,800

XXVII. 210 x 13 125 x 6.1875 36.50 1,418,500
XXVI. 210 x 13.25 x 6.375 36.39 3.937 1,241.950
XXXI. 174 x 7.125 x 6.21875 34.97 5,442 1,618,900
XXIX. 210 x 11.25 x 6 25 32.03 4,818 1,198,550

XXXIII. 180 x 11 125 x 3.1 31.87 6,554 1,618,000
XXXII. 180 x 8.125 x 3.1 31.56 6,928 1,575,200
XXX. 174 x 7.25 x 6.1875 30.96 4,634 1,325.950
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Hence,
The average weight in lbs. per cubic foot = 34.61.

“ co-efficient of elasticity in lbs, per sq, in.= 1,520,056. 
“ minimum skin stress “ “ =5370.

If, however, the plank results are omitted,
The average weight in lbs. per cubic foot = 34.78.

“ co efficient of elasticity in lbs. per sq. in. = l,434,747. 
" maximum skin stress “ “ =5137.

In general, the following data may be adopted in practice : —
The average weight in lbs. per cubic foot =34 6.

co-effioicnt of elasticity in lbs. per sq. in. = 1,430,000 
“ maximum skin stress “ “ =5,100.
“ safe working skin stress “ “ =1,700,

3 being a factor of safety.
In the accounts of the several beams it will be observed that the failures 

arc almost invariably due to the crippling of the material on the side 
in compression, indicating that the tensile strength of the timber 
exceeds its compressive strength, and this was subsequently verified by 
the direct tension and compression experiments.

WHITE PINE.

Beams XXXVI and XXXVII are two pieces cut out of one large 
piece of square pine, made and taken out in the Gatineau Valley, 
Ottawa County. The timber was brought down via the Gatineau and 
Ottawa Rivers to Montreal, and remained in the water until late in the 
fall of 1832, when it was piled on the land for winter sawing.

This timber was purchased from Messrs. J. & B. Grier.
Beam XXXVI was tested February 16th, 1893, with the annual 

rings as in Fig. 81.

'>« •' f'*** Fig•*

i Joe #/J<

“*** Fig a*
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The load upon the beam was gradually increased until it amounted 
to 19,600 11m., when it failed by the tearing apart of the fibres on the 
tension side.

The maximum skin stress corresponding to this load is 2,993 lbs. 
per square inch.

The co efficient of elasticity, as determined bv an increment in the 
deflection of 1.12 ins. between the loads of 5,000 and 10,000 lbs., is 
503,440 lbs. ; as deduced from an increment in the deflection of .84 in. 
between the loads of 5,000 and 12,500 lbs , is 463,768 lbs., and as 
deduced from an increment iu the deflection of 2.13 ins. between the 
loads of 5,000 and 15,000 lbs., is 534,169 lbs.

Table N shows the several readings.
The weight of this beam per cubic foot on Feb. 16th was 37.25 lbs., 

and on March 14th, 34.78 lbs., showing a loss of weight at the rate of 
.095 lb. per cubic foot per day.

Beam XXXVII was tested on February 24th, 1893, with the 
annual rings as in Fig. 82.

loo. SO iso.

F/g ea f,t os ng et
The load was gradually increased until it amounted to 24,000 lbs , 

when the beam failed by the tearing apart of the fibres on the tension 
face.

The maximum skin stress corresponding to this load is 3,555 lbs. per 
square inch.

Beams XXXVIII and XXXIX were the two ends of Beam XXXVI 
which vas tested February 16th, 1893, the central portion containing 
the fracture having been out out.

Beam XXXVIII was tested on March 14th, with the annual rings 
as in Fig. 83.

The load on the beam was gradually increased until it amounted to 
52,450 lbs., when it failed by the tearing apart of the fibres on the t vi

sion side.
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The maximum skin stress corresponding to this load is 3,075 lbs. per 
square inch.

The co efficient of elasticity, as determined by an increment in the 
deflection of .37 in. between the loads of 10,000 and 25,000 lbs., is 
622,040 lbs.

Table N shows the several readings.
Beam XXXI'r was tested with the annual rings as in Fig. 84.
The loid was gradually increased until it amounted to 51,400 lbs., 

when the beam failed by the tearing apirt of the fibres on the tension 
side.

The maximum skin stress corresponding to this load is 2,690 lbs. per 
square inch.

The eo efficient of elasticity, as determined from an increment in the 
deflection of .175 in. between the loads of 10,000 and 25,000 lbs., is 
433,250 lbs.

Table N shows the several readings.
Beams XL and XLI arc the two ends of Beam XXXVII which 

was tested on Feb. 24th, 1893, the central portion of the beam contain
ing the fracture having been cut out.

Beam XL was tested on March 17th with the annual rings as in 
Fig. 85. The load was gradually increased until it amounted to 53,650 
lbs., when the beam failed by the tearing apart of the fibres on the 
tension side.

The maximum skin stress corresponding to this load is 3,311 lbs. per 
square inch.

The co-cffieient of elasticity, as determined by an increment in the 
deflection of .19 in. between the loads of 12,000 and 26,000 lbs., is 
693,090 lbs.

Table N shows the several readings.
The weight of the beam per cubic foot on the day of the test was 

36.13 lbs.
Beam XLI was tested on March 17th, 1893, with the annual rings 

as in Fig. 86. The load upon the beam was gradually increased until 
it amounted to 40,500 lbs., when it failed by the tearing apart of the 
fibres on the tension side.

The maximum skin stress corresponding to this load is 2,500 lbs. 
per square inch.

The co-efficient of elasticity, as deduced from an increment in the 
deflection of .19 in. between the loads of 10,000 lbs. and 22,000 lbs, is 
519,820 lbs. per square inch.
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Table N shows the several readings.
The weight of the beam on the day of test was 36,13 lbs. per cubic 

fool.
Hearns XLII and XLVI were cut out of one large piece of square 

pine made on the Pettewawa, a tributary of the Ottawa, in 1888. The 
piece was driven over 1,300 miles, and lay in water for four years until 
it was taken out in the fall of 1892 and piled for winter sawing.

This timber was purchased from Xlessri. Shearer & Brown.
Beam XLII was tested March 8th, 1893, with the annual rings as 

in Fig. 87.

fig. 87 r,g 88. f/g 89

sisro*4600

The load on the beam was gradually increased until it amounted to 
26,350 lbs., when the beam failed by the tearing apart of the fibres on 
the tension side.

The maximum skin stress corresponding to this load is 3,815 lbs. per 
square inch.

The co efficient of elasticity, ns determined by an increment in the 
deflection of 1.22 ins. between the loads of 2,500 lbs. and 13,000 lbs., 
is 979,220 lbs.

Table O shows the several readings.
The weight of the beam per cubic foot at the date of test was 41.49 

lbs.
Beams XLIII and XL1V arc the two ends of Beam XLII tested 

March 8th, the central portion of the beam containing the fracture 
having been cut out.

Beam XLIII was tested March 31st, with the annual rings as in
Fig. 88.

The load was gradually increased until it amounted to 48,600 lbs., 
when the beam failed by the tearing apart of the fibres on the tension 
side.

>The maximum skin stress corresponding to this load is 3,000 lbs. per 
square inch.
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The co-efficient of elasticity, as determined by an increase in the 
defl ction of ,19 in. between the loads of 10,000 and 25,000 lbs., is 
019,780 lbs. per square inch.

Table O shows the several readings.
Beam XLIV was tested March 31st, 189.1, with the annual rings 

as in Fig. 89.
The load upon the beam was gradually increased until it amounted 

to 51,870 lbs., when it failed by the tearing apart of the fibres on the 
tension side.

The maximum skin stress corresponding to this load is 3,148 lbs. per 
square inch.

The co efficient of elasticity, as determined by an increment in the 
deflection of .19 in. between the loads of 1,000 and 25,000 lbs, is 
649,780 lbs, per square inch, the same co-efficient as in beam XL1II.

Table O shows the several readings.
Beam XLV was tested March 11th, 1893, with the annual rings 

as in Fig. 90.

1 l l
«♦«50 +4+90. +99S0.
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The load upon the beam was gradually increased until it amounted 
to 24,850 lbs., when it failed by the tearing apart of the fibres on the 
tension side.

The maximum skin stress corresponding to this load is 3,681 lbs 
per square inch.

The co-efficient of elasticity, as determined from an increment in the 
deflection of .81 in. between the loads of 2,500 and 12,000 lbs., is 
956,540 lbs.

Table P shows the several readings.
Beams XLV I and XLVII arc the two ends of Beam XLV, tested 

on March lltli, 1893, the central portion containing the fracture having 
been cut out.

Beam XLVI was tested March 30th, 1893, with the annual rings as 
in Fig. 91.
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The load upon the beam was gradually increased until it amounted to 
44,400 lbs., when it failed by the tearing apart of the fibres on the ten
sion side.

The maximum skin stress corresponding to this load is 2,740 lbs. 
per square inch.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .23 in. between the loads of 10,000 and 25,000 lbs,, is 
636,770 lbs.

Table P shows the several readings.
Beam XLVI1 was tested March 30th, 1893, with the annual rings 

as in Fig. 92.
Thu load upon the beam was gradually increased until it amounted 

to 48,650 lbs., whin it failed by the tearing apart of the fibres on the 
tension side.

The maximum skin stress corresponding to this load is 3,003 lbs. 
per square inch.

The co efficient of elasticity, as determined by an increment in the 
deflection of .2 in. between the loads 10,000 and 25,000 lbs., is 617,283 
lbs.

Table P shows the several readings.
Beams XLVIII to L were sent to the laboratory by Mr. P. A. 

Peterson. Those beams were purchas 'd from the Pembroke Lumber 
Company, and are supposed to h ivc been aim'd: r in quality to the 
timber used on the Pembroke section of the Canadian Pacifie Railway.

Beam XLVIII was tested March 1st, 1894, with the annual rings 
as in Fig. 93. The darkened portion, Fig. 96, represents sapwood.

F/g U6vg_ 96. shoo

tg 93.
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The load upou the beam was gradually increased until it amounted 
to 38,100 lbs., when the beam failed by the crippling of the material 
at flic support on the compression side, Fig. 94. The load was still
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gradually increased until it amounted to 47,960 lbs., when a complete 
fracture took place by the tearing apart of the fibres on the tension 
side at the centre, and simultaneously by a longitudinal shearing 
throughout one-half of the length of the beam, as in Figs. 94, 96.

The maximum skin stress corresponding to the breaking load of 
38,100 lbs. is 3,991 lbs. per square inch ; the maximum skin stress 
corresponding to the load of 47,960 lbs. is 6,017 lbs. per square inch.

The total compression of the timber at the centra was .93 in., so 
that, taking the effective depth to be 14.3875 ins,, the maximum com
pressive skin stress at the support would he 4,161 lbs. per square inch, 
the corresponding maximum tensile skin stress being 4,662 lbs. per 
square inch.

Assuming the usual law to hold good for the whole of the effective 
depth, the maximum skin stress would be 4,447 lbs. per square inch.

The co-efficient of elasticity, as determined by an increment in the 
defied ion of .375 in., between the loads of 2,000 lbs. and 19,000 lbs., 
is 1,164,700 lhs.

Table Q gives the several readings.
The total weight of the beam on March 1st, the date of test, was 

524 lbs. 10 ois., or 41.08 lbs. per cubic foot, and on February 1st 
the weight was 597 lbs., or 46.73 lbs. per cubic foot, showing a lo-s 
of weight at the rate of .209 lb. per cubic foot par day.

The time occupied by the test was 48 minutes.
Beam XLIX was tested March 2nd, 1894, with the annual rings as 

in Fig. 97. The darkened portions represent supwood.

The load upon the beam was gradually increased until it amounted 
to 47,080lbs., when the beam failed by the tearing apart of the fibres 
on the tension side, accompanied simultaneously by a longitudinal shear 
and a crippling of the material in the compression side, Figs. 98, 99.
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The minimum skin stress corresponding to the breaking load is 
4,936 lbs. per square inch.

The total compression of the material at the centre was 2.8 ins., so 
that taking 13.095 ins. as the effective depth, the maximum skin com
pressive stress would be 5,156 lbs. per square inch, and the correspond
ing skin tensile stress would be 7,353 lbs. per square inch.

Assuming the usual law to hold good for the whole of the effective 
depth, 6,835 lbs, per square inch would be the maximum skin stress.

The co efficient of elasticity, as determined by an increment of .435 
la., between the loads of 3,000 and 21,000 lbs., is 1,052,600 lbs.

Table Q shows the several readings.
The weight of the be mi was 525 lbs. 12 ois., or 41,33 lbs, per cu

bic foot February 1st, and 473 lbs. 12 ois., or 37.24 lbs. per cubic 
foot on March 2o 1, showing a loss of weight at the rate of .141 lbs, 
per cubic foot per day.

The time occupied by the test was fifty miaules.
Beam L was tested March 10th, 1894, with the annual rings ns 

in Fig. 100.

Ill oo
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The load upon the beam was gradually increased until it amounted 
to 32,200 lbs., when it failed by the tearing apart of the fibres on the 
tension side.

The maximum skin stress corresponding to this load is 4,370 lbs. 
per square inch.

The co-efficient of elasticity, as deduced from an increment in the 
deflection of .805 in., between the loads of 1,000 and 19,000 lbs., is 
1,181,240 lbs.

Table Q shows the several readings.
The weight of the beam was 509 lbs. 12 ozs. or 33.64 lbs. per cubic 

loot on March 10th, the d ite of test, and 575 lbs. 8 ozs., or 37.25 lbs. 
per cubic foot, on Fibruary 1st, showing a loss of weight at the rate 
of .0975 lb. per cubic foot per day.
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OLD WHITE PINK.

Beams LI to LUI are three old white pine stringers sent to the lab
oratory by Mr. P. A. Peterson. These stringers had been in service 
since 1886, i.e., for about eight years ; they were removed from the 
trestles during the summer of 1892.

ttrso. f~,M /oi

/ot

aittua
Beam LI was tettcd D.ejuiber 1st, 1893, with the annual rings as 

in Fig. 101.
The load upon the beam was gradually increased until it amounted 

to 22,730 lbs. when the beam failed by shearing, longitudinally as in 
Figs. 102,103, the distance between the portions of the beam above 
and below the plane of shear being £ in.

The maximun skin stress corresponding to this load is 3,212 lbs. per 
equate inch.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .55 in., between the loads of 2,500 lbs. and 12,000 lbs., 
is 982,430 lbs.

Ts ble It shows the several readings.
The total weight of the beam on December 1st, date of test, was 

445 lbs., or 28.3 lbs. per cubic foot. The weight of a length of 14 
ft. 1J ins. was 376 lbs., or 28.12 lbs. per cubic foot on December 2nd, 
and 367 lbs. 5 ozs., or 27.47 lbs. per cubic foot on December 8th, 
showing a loss of weight at the rate of .1083 lb. per cubic foot per 
day.

Beam LII was tested December 9th, 1893, with the annual rings 
as in Fig. 104.

The load upon the beam was gradually increased until it amounted 
to 26,320 lbs., when the beam failed by the tearing apart of the fibres 
on the tension side.

The maximum skin stress corresponding to this breaking load is 
3,589 lbs. per square inch.
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The to till compression of ihe material at the support was .37 in., so 

that, taking 14.85 ins. ns the effective depth, the maximum skin com
pressive stress is 3,671 lbs. per square inch, the corresponding maxi
mum tensile stress being 3.863 lbs. per square inch. Assuming the 
usual law to hold good for the whole of the depth, the maximum skin 
stress per square inch would be 3,774 lbs.

The co-efficient of elasticity, as determined from an increment in the 
deflection of .635 in. betwci n the loads of 2,500 lbs. and 14,500 lbs., 
is 929,690 lbs.

Table R shows the several readings.
The weight of the beam on November 29th was 430 lbs., or 28.71 

lbs. per cubic foot, and on December 9th, the date of test, the weight 
was415 lbs. 6J ozs., or 26.08 lbs. per cubic foot, showing a loss of 
weight nt the rate of .263 lb. per cubic foot per day.

Beam LUI was tested December 9th, 1893, with the annual rings as 
in Fig. 105.

The beam was a poor specimen, being full of knots and season 
cracks, and partly decayed. The grain on the top was parallel, while 
on the sides it was somewhat oblique.

The load upon the beam was gradually increased until it amounted 
to 18,600 lbs., when it failed by the tearing apart of the fibres on 
the tension side.

The maximum skin stress due to this breaking load is 2,495 lbs. per 
square inch.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .55 in. between the loads of 1,500 lbs. and i0,000 lbs., is 
650,930 lbs.

Table R shows the several readings.
The weight of the beam was 450 lbs. 12 ozs., or 29.02 lbs. per cubic 

foot on Nov. 9th, and 438 lbs. 13 ozs., or 28.25 lbs. per cubic foot on 
Dec. 8th, showing a loss of weight at the rate of .0855 lb. per cubic 
foot per day.
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The time occupied by the test was 20 minutes.

The following table gives the summary of the results obtained for 
White Pine :—

New Timber.

Beams. Dimensions in inches.
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288 x 18 x 9 41.49 3,815 979,220
XI, V. 288 x 18 x it 41.49 3,681 956,540

XI,VIII. 150 x 15.1875 x 9.375 41.08 3,991
2,740

1,164,700
XLVI. 120 x 18 x 9 39.53 536,770
XL VII. 120 x 18 x 9 39.40 3,003 617,283
XL1II, 120 x 18 x 9 39.50 3,000 649,780
XI,IV 120 x 18 x 9 39.40 3,148 649,780

XXXVI. 288 x 18 x 9 37.25 2,993 500,000
XL1X. 150 x 15.37 x 9.125 37.24 4,936 1,052,600

XXXVII. 288 x 18 x 9 30.43 3,555
XL. 120 x 18 x 9 36.13 3,311 693,090

XLI. 120 x 18 x 9 36.13 2,5110 519,820
XXXVIII 114 x 18 x 9 34.78 3,075 622,640
XXXIX. 102 x 18 x 9 34.78 2,696 433,250

L 186 x 15 x 9.0625 33.64 4,370 1,184,240

Old Timber.
LUI. 180 x 15 x 9.05 28.25 2,495 650,930
LI. 192 x 15.12 x 9 28.3 3,212 982,480
LII. 180 x 14.85 x 9.05 26.08 3,589 929,690

Hence, for the new timber,
The averjge weight in lbs. per cubic foot = 37.88.

“ co efficient of elasticity in lbs. per sq. in.=754,205.
“ maximum skin stress “ “ =3388.

The following data are suggested for practice :—
The average weight in lbs. per cubic foot = 37.8.

“ co efficient of elasticity in lbs. per sq. in.=751,000.
“ maximum skin stress “ “ =3,300.
“ safe working skin stress in lbs. per sq. in., 3 being at

factor of safety = 1100.
Further experiments will probably show that these data require some 

modification. In fact, the actual skin stress and co-efficients of elas- 
H
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ticily arc certainly greater Ilian those given in the preceding table, 
which have been calculated on the assumption that the amount of tho 
compression at the central support is sufficiently small to be disregarded, 
but it has been shewn, as for example, in the case of Beam XLIX, 
that tho skin stresses arc largely affected by this compression. The 
co-effioients of elasticity are al-o necessarily increased by the diminution 
in the effective depth. Similar remarks apply to the other timbers. 

From the experiments with the old White Pine stringers, it might 
be inferred that these timbers have lost considerably in weight, but 
that they have in a great degree retained their strength and stiffness. 
Other old timbers will require to be tested, however, before any definite 
statement can bo made on the subject.

NEW SPRUCE BEAMS.

Beam L1V was tested Nov. '2nd, 1893, with the annual rings as in 
Fig. 106.

Sig,/oe

This slick was sent to the laboratory by Mr. T. J. Claxton. It was 
cut out of a tree felled neat' the Skeena Hiver, British Columbia, on 
the Pacific Coast, about six hundred utiles north of Victoria. The log 
was felled in Dec., 1892, or January. 1893, and was over 100 ft. in 
length, squared 36 ins. at the small end, and would have provided t om 
12.000 to l.r>,000 of marktt lumber.

The beam in question was sawn from the log in June, 1893, ami was 
shipped by steamer at the end of June from the town of Claxton, situ
ated at the mouth of the Skeena Hiver, where the mills are located. 
At Victoria the beam was transhipped and brought down in August 
via the C.P.B. to Montreal. It was delivered at the laboratory early 
in September.

It might, perhaps, be of interest to note that the cost of freight for 
this beam from Claxton to Victoria was S4.00 ; from Victoria to Van
couver $2,00 ; from Vancouver to Montreal $46.00 ; and the cartage 
to the University $4.00, makings total cost of freight of $56.00.
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It is said that the spruce from the Skeena District is of a specially 
fine quality, having a clear straight grain, and possessing a large amount 
of toughness.

The load upon the beam was gradually increased until it amour ted 
to 36,800 lbs., when the beam failed by the crippling of the fibres on 
the compression side, Fig. 107.

The maximum skin stress corresponding to this breaking load is 
5,908 lbs. per square inch.

The tolal compression of the material at thn central support was .5 
in., so that taking the effective depth as 17 ins., the maximum skin 
compres-ive stress is 5,941 lb«. per square inch, the corresponding skin 
tensile stress lining 6,301 lbs. per square inch.

If it is assumed that the usual law holds good for the whole of the 
effective depth of 17 ins., the maximum skin stress is 6,260 lbs. per 
square inch.

The co efficient of elasticity, as deduced from an increment in the 
deflection of 1.15 ins. between the loads of 1,000 and 15,000 lbs., is 
1,528,499 lbs.

Table S shows the several readings.
The weight of the beam on Oct. 3rd was 751 lbs. 6 ozs., or 27.206 

lbs. per cubic foot, and on Nov. 3rd, the date of test, it weighed 735 
lbs. 2} ozs., or 26.614 lbs. per cubic foot, showing a loss while in the 
laboratory at the rate of .019 lbs. jar cubic font per day.

Beams LV and LVI arc the ends of Beam LIV, the central portion 
containing the fracture having been cut out.

Beam LV was tested Nov. 3rd, 1893, with the annual rings as in 
Fig. 108.

i
73000. |

S/g.foa
The load was gradually increased until it amounted to 73,000 lbs., 

when it failed by the crippling of the fibres on the compression side, 
Fig. 109.

The maximum skin stress corresponding to this load is 4,839 lbs. 
per square inch.
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The maximum compression of the material at the central support 
was 2 ins., so that taking 15.5 ins. as the effective depth, the maximum 
compressive skin stress is 5,123 lbs. per square inch, the corresponding 
tensile skin stress being 6,till lbs. per square inch.

If it is assumed that the usual law holds zood for the whole of the 
effective depth, the maximum sk'n stress becomes ti,17ti lbs.

As soon as the beam was relieved of load, the amount of compression 
at the support was immediately diminished by .9 in., and at the end of 
thirteen days the amount of compression was .82 in.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .17 in., between the loads of 3,000 lbs. and 10,000 lbs., is 
1,070,950 lbs.

Table T shows the several readings.
The weightof the beam on Nov. 3rd, date of test, was 26.014 lbs. per 

cubic foot.
Beam LVI was tested Nov. 4th, 1893, with the annual rings as in 

Fig. 110.

The load was gradually increased until it amounted to 70,000 lbs., 
when it failed by the crippling of the fibres on the compression side, 
Fig. 111.

The maximum skin stress corresponding to this breaking load is 
4,614 lbs. per square inch.

The maximum compression at the centre of support was 1.9 ins., so 
that taking 15.6 ins. as the effective depth, the maximum compressive 
skin stress is 4,916 lbs. per square inch, the corresponding tensile skin 
stress being 6,280 lbs. per square inch.

If it is assumed that the usual law holds good for the whole of the 
effective depth, then the maximum skin stress becomes 5,806 lbs. per 
square inch.

Ten days after this beam had been relieved of load, the amount of 
the compression of the timber at the centre of support was diminished 
to .77 in.
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The co-effirient of elasticity, as determined by an increment in the de
flection of .18 in. between the loads of 10,000 lbs. and 30,000 lbs., is 
1,011,450 lbs.

Table T shows the several readings.
The weight of this beam on Nov. 3rd was 26.614 lbs. per cubic foot.

OLD SPRUCE.

Beams LVII-LIX were three spruce stringers sent to the laboratory 
by Mr P. A. Peterson.

Beams I.VII and LVIII were cut at (lalbraith's Mill, three miles 
from Sherbrooke, in 1886, and grew near the same place. They were 
used in the construction of the bridge near Lennoxvillc in the winter of 
1886-87, and had been in service until the summer of 1894, or for a 
period of about eight years.

Beam LIX was taken out of Bridge E 61 at Roxton Falls during the 
summer of 1894, and had been in service since 1885, for about eight 
years. This stringer was purchased by Bridge-master MacFarlane, and 
no further information has been obtained as to its history. The 
stringer was boxed J in. at the ends on the bearings, and several sea
son cracks were shown on the surface.

Beam LVII was tested on the 21st April with the annual rings as 
in Fig. 112.
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The load upon the beam was gradually increased until it amounted 
to 25,700 lbs., when the beam failed by shearing longitudinally along 
the surface of a season crack, the distance between the portions above 
and below the plane of shear at the end being § in.

Immediately after the fracture the jockey weight was run back until 
the lever again floated, the load upon the beam being 21,000 lbs. 
This load was then gradually increased until it amounted to 24,700 lbs.,
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when failure occurred by the tearing apart of the fibres on the tension 
side and by a further crippling of the fibres on the compression side. 
The lap at the end of the plane of shear was also increased to f in.

The maximum skin stress corresponding to the breaking load of 
25,700 lbs. is 3,459 lbs. per square inch.

The maximum compression of the material at the support was .31 
in., so that taking the effective depth to be 14.69 ins., the maximum 
compressive skin stress is 3,526 lbs. per square inch, the corresponding 
tensile skin stress being 3,678 lbs. per square inch.

If it is assumed that the usual law holds good fur the whole of the 
effective depth, then the maximum skin stress becomes 3,607 lbs. per 
square inch.

The co efficient of elasticity, as determined by an increment in the 
deflection of .7 in. between the loads of 1,500 and 12,500 lbs., is 
1,123,400 lbs.

Table U shows the seveiul readings.
The weight of this beam on April 10th was 502 lbs., or 33.82 lbs. 

per cubic foot ; its weight on April 21st, date of test, was 491 lbs. 4 
ozs., or 33.09 lbs. per cubic foot, showing a loss of weight at the rate 
of .0645 lbs. per cubic foot per day.

Beam LVIII was tested May 1st, 1894, with the annual rings as 
in Fig. 113. Season cracks ran intermittently from end to end of 
the beam.

The load upon this beam was gradually increased until it amounted 
to 27,470 lbs. Under this load the beam failed by shearing longitudi
nally along a season crack, as shown in Fig. 114, with a partial 
tension fracture near the end of the beam. The season crack for a 
distance of about 3 ft. from the centre of the beam appears weathered 
through the entire thickness of the beam.

Previously, however, to this longitudinal shear, the beam had evi
dently failed by the crippling of the material, Fig. 114, on the com
pression side along a line near the centre of the beam where the timber 
was apparently free from knots and where the fibres were parallel with 
the axis.

The maximum skin struts corresponding to the load of 27,470 lbs., 
is 5,709 lbs. per square inch.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .575lbs. between the loads of 2,000 and 12,000 lbs., is 
1,316,900 lbs.

Tabic U shows the several readings.
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The weight of the beam on March 10th was 267 lbs. 1 ot., or 27.36 
lbs. per cubic foot, and its weight on May 2nd was 258 lbs. 6 ozs., or 
26.47 lbs. per cubic loot, showing a loss of weight while in the labora
tory at the rate of .0163 lb. per cubic foot per day.

Beam LIX was tested Juno 2nd, 1894, with the annual rings as in 
Fig. 115.

r,t ,,t. ngur

• >f eo. teeoo.
16030.

The load was gradually increased until it amounted to 21,700 lbs., 
when the beam failed by the tearing apart of the fibres on the tension 
side.

The maximum skin stress corresponding to this load is 2,963 lbs. 
per square inch.

The maximum compression at the centre was .7 in., so that tak 
ing 14.3 ins. as the effective depth, the maximum compressive skin 
stress is 3,079 lbs. per sqnaro inch, the corresponding tensile skin 
stress being 3,396 lbs. per square inch.

If it is assumed that the usual law holds good for the whole of the 
effective depth, then the maximum skin stress is 3,261 lbs. per sq. in.

The co efficient of elasticity, as determined by an increment in the 
dcfiection of .43 in. between the loads of 2,000 lbs. and 10,000 lbs., is 
905,601 lbs.

Table U shows the several readings.
The weight of the beam on June 1st was 415 lbs. 13 oxs., or 30.12 

lbs. per cubic foot. Its weight on Juso 8th was 440 lbs , or 29.72 lbs. 
per cubic foot, showing a loss of weight at the rate of ,U571 lb. per 
cubic foot per day.

Beams LX and XLI arc two oil spruce stringers sent to the 
laboratory by Mr. P. A. Peterson.

They had been in use in Culvert E 39 on the north division of the 
South Eastern Ballway, 1| miles north of Waterloo Station, since Oct, 
1891, or for about three years.

These timbers were cut ami sawn at Keene & Company's mills at 
the boundary east of Mcgantic.
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£Beam LX was tested on Not. 10th, 1894, with the annual rings 
as in Fig. 114.

The upper portion of the stringer, i.e., the part in tension, was par
tially rotten to a depth of about 1 in., and the effective depth at the 
centre of the beam did not exceed 11J- ins. The remainder of the sec
tion at the centre was in a perfectly sound and good condition.

The load upon the beam was gradually increased until it amounted 
to 16,050 lbs., when it failed by the tearing apart of the fibres on the 
tensile side. The load was still increased, and a more complete frac
ture occurred under a load of 21,240 lbs. Immediately after this 
second fracture the jockey weight was run back until the lever again 
floated, when the load was 15,900 lbs. The load was again gradually 
increased until it amounted to 18,800 lbs., when fracture again 
occurred.

The maximum skin stress corresponding to the breaking load of 
16,050 lbs. is 2,934 lbs.

The maximum compression of the material at the centre was .25 in., 
so that taking the effective depth to be 11. ins., I ho maximum com
pressive skin stress is 3,043 lbs. per square inch, and the corresponding 
tensile skin stress is 3,184 lbs. per square inch.

If it is assumed that the usual law holds good for the whole of the 
effective depth, the maximum skin stress becomes 3,118 lbs. per square 
inch.

The co-efficient of elasticity, as determined by an increment in the 
deflection of .390 in. between the loads of 2,000 and 12,000 lbs., is 
1,352,250 lbs. per square inch.

Table V gives the several readings.
The weight of this beam on Nov. 10th, date of test, was 255 lbs. 

124 ozs., or 27.26 lbs. per cubic foot.
Beam LXI was tested Nov. 17th, 1894, with the annual rings as 

in Fig. 117. There were season cracks from end to end on the 
front face and numerous knots of medium and small size oil the tides. 
The darkened portion indicates sapwood.

The load upon the beam was gradually increased until it amounted 
to 18,400 lbs., when the beam failed by the tearing apart of the fibres 
on the tension face.

The maximum skin stress corresponding to this load is 4,309 lbs. per 
square inch.

The maximum compression of the material at the centre was .21 
in., so that taking the effective depth to be 14.29 ins,, the maximum
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skin compressive stress is 4,432 lbs. per square inch, the corresponding 
tensile skin stress being 4,565 lbs. per square inch.

If it is assumed that the usual law holds good for the whole of the 
effective depth, the maximum skin stress becomes 4,502 lbs. per square 
inch.

The co-cfficient of elasticity, as determined from au increment of 
.6 in. in the deflection between the loads of 1,000 lbs. and 9,000 lbs., 
is 1,250,850 lbs.

The weight of this beam on Nov. 17th, date of test, was 267 lbs., or 
28.85 lbs. per cubic foot.

The following table gives a summary of the results obtained for
Spruce :—

New Timiier.

Beam. Dimensions in inches.

W
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gh
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n l
bs

. p
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Is.J|
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ffi

ci
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t o
f e

la
sti

ci
ty

LIV.
1 d b

288 x 17.5 x 8 875 26.614 5,908 1,528,499
LV. 120 x 17.5 x 8.875 26.614 4,839 1,070,950
LVI. 12ü x 17.5 x 9.9.t75 2G.G14 4,614 1,011,450

Oi.d Timber.

LV1I. 180 x 15 x 9 33.09 8,459 1,123,400
LIX. 180 x 15 x 9 30.12 2,963 905,601
LX I 186 x 14.5 x 5 625 28.85 4,309 1,250,850
LX. 138 x 11.25 x 8.875 27.26 2,934 1,352,250

LV1II. 180 x 14.76 x 6 ’.’6.47 5,709 1,316.900

Beams LV and LVI were cut out of Beam LIV as already 
described. The wide variation in the value of the skin stress and of the 
co efficient of elasticity is undoubtedly due to the fact that the amount 
of the compression at the central support has been disregarded in the 
calculations. If this compression is taken into account, and if it is 
assumed that the ordinary theory of flexure holds good for the whole of 
the effective depth, it has been shewn that the skin stresses in lbs. per 
sq. in. become 6260 fur Beam LIV, 6176 for Beam LV, and 5806 
for Beam LVI, the variation in the magnitude of the stresses being 
comparatively small.
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Further experiments will be made with new spruce beams.
The old spruce stringers were found to possess ample strength and 

stiffness lor the work they were designed to do. The experiments 
gave

29.15-lbs. as the average weight per cubic foot.
1,189,800 “ “ co-efficient of elasticity.

3875 44 44 maximum skin stress per sq. in.
The following tables A to V give the end deflections and in some 

cases the deflections at points dividing the beam into four, six, or eight 
equal parts, the distance of these points from the ends being stated 
at the heads of the columns.

Tables A to 1 show the deflections in inches of Canadian New 
Douglas Fir Beams (I to XXV) under gradually increased loads.

TABLE A.

Deflections of Beam I at ends.

Loads Deflec- Loads Deflec Loads Deflec- Loads Deflec- ........ Deflec-
in lbs. lion in lbs. lion. in lbs- lion. in lbs. lion. in lbs. lion.

2,000 .02 9,000 .095 16,000 .18 23,000 .27 30,000 .39
2,500 .03 9,500 .10 16,500 .19 23,500 .28 30,500 .40
3.000 .03 10,000 .11 17,001) .195 24,000 .285 31,000 .41
3,500 .0.35 10,500 .115 17,500 .20 24,500 .295 31,500 .42
4,000 .04 11,000 .12 18,000 .205 25,000 .30 32,000 .43
4,500 .045 11,500 .125 18,500 .21 25,500 .31 32,500 .445
5,000 .05 12,000 .13 19,000 .22 26,000 .315 33,000 .46
5,500 .055 12,500 .14 19,500 .225 26,500 .32 34,000 .49
0,000 .06 13,000 .145 20,000 .230 27,000 .33 35,000 .51
6,500 .07 13,500 .15 20,500 .24 27,500 .34 36,000 .53
7,000 .075 14,000 .155 21,000 .245 28,000 .35 37,000 .56
7,500 .075 14,500 .16 21,500 .25 28,500 .36
8,000 .08 15,000 .165 22,000 .255 29,000 .37
8,500 .09 15,500 .17 22,500 .265 29,500 .38

Breaking weight of Beam I = 45,000 lbs.
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TABLE B.

Loads Deflections of Beams.
in lbs. II III IV V VI VII VIII

300
500
800

1,000
1,300
1,600
1,800
2,000
2,200
2,400
2,500
2,600
2.805

Ends. Ends. Ends. Endn. Ends. Ends. Ends,
.02
.03
.06
.07
.09
.10
.12
.135
.15
.165

.05 .005 .02 .015

.............. .08 .03 .01 .04 .03

.11 .045 .02 .06 .04

.035 .14 .06 .03 .075 .06

.155 .065 .05 .10 .075
.18
.195
.205
.236

3.000
3.400
3.600 
3,800 
4,000
4.500 
5,000
5.600 
6,000 
0,500 
7,000
7.600 
8,000
8.500 
9,000
9.500 

10,000
10.500 
11,000
11.500 
12,000
12.500 
13,000
13.500 
14,000
14.500 
15,000
15.500 
16,000
16.400 
17,000 
18,000 
20,000 
21,000 
22,000 
24,000 
26,000 
28,000

.is .065 .055 .12 .10

.21 .08 .065 .14 .115
.26
.28
.315
.35
.39

.05 .23
.25

.095

.105

.115

.13

.145

.155

.165

.18

.19

.20

.215

.23

.245

.26
.28
.30
.316
.33
.35
.365
.38

.07

.08

.09

.105

.11

.125

.135

.145

.16

.17

.18

.195

.205

.22

.235

.25

.26

.27

.28

.29

.303

.315

.33
.345

.16

.18

.20

.22

.24

.26

.28

.305

.32

.125

.14

.156

.175

.195

.21

.22

.235

.25

.27

"Ô65" ..............

••

.075

.085

.10

.105

.110

.116

.12
.76

.13

.135

.14
.72.is

.165

.176

.190
Breaking Weight of Beam 11 — 36,675 lbs. 

“ “ III = 12,950 «
“ “ IV = 16,720 “
“ « V =. 23,610 «
“ “ VI = 15,480 «
■ « VII = 17,613 ••
“ « VIII = 11,700 «*
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TA BLR C.

•E Deflections of Beam IX. Deflections of Beam X.

34 ins. 68 ilia. Ends. 08 ill.. 34 in«. 33 in*. 66 ins. Ends. 66 ins. 33 in».

10(1(1 .01 .01 .02 .01 .01 .02 .01 .02 .01 .02
l:>uo .03 .02 .01 .02 .03 .05 .02 .05 .02 .05
2000 .03 .03 .05 .025 .04 .07 .03 .UK .04 .07
2600 .04 .03 .06 .03 .05 .10 .05 .ii .05 .10
3000 .10 .07 .06 .06 .09 .12 .06 .14 .06 .12
3600 .10 .08 .12 .05 .10 .15 .07 .17 .07 .15
40110 .10 .08 .13 .055 .10 .17 .09 .20 .08 .17
4600 .10 .08 .14 .065 .11 .20 .10 .23 .10 . 20
6000 .16 .10 .18 .085 .15 .22 .11 .26 .115 .22
6600 .15 .11 .19 .09 .16 .25 .12 .29 .12 .25
<1(100 .15 .12 .20 .10 .17 .27 .14 .32 .14 .27
«600 .19 .13 .24 .11 .20 .30 .15 .35 .15 .30
7000 .20 .13 .25 .115 .20 .32 .17 .38 .16 .32
7600 .20 .13 .25 .11 .21 .35 .18 .41 .18 .35
«000 .20 .13 .26 .125 .22 .37 .20 .44 .20 .37
«600 .22 .14 .27 .135 .24 .40 .21 .17 .21 .40
9000 .22 .16 .28 .14 .24 .42 .22 .50 .22 .42
9500 .22 .15 .28 .145 . 25 .45 .23 .53 .23 .45

10000 .26 .16 .33 .10 .28 .47 .25 .56 .24 .47
10500 .33 .20 .40 .19 .31 .49 .26 .58 .25 .49
11000 .31 .21 .42 .20 .35 .61 .27 .61 .27 .51
11500 .35 .22 .44 .205 .36 .64 .29 .64 .29 .51
12000 .39 .23 .47 .22 .40 .56 .30 .68 .30 .56
12500 •40 .24 .41) .22 .40 .59 .32 .71 .32 .59
13000 .40 .21 .50 .2.3 .41 .01 .33 .74 .33 .61
13500 .45 27 .54 . 25 .45 .64 .34 .77 .34 .64
14000 .45 .27 .55 .255 .46 .66 .36 .80 .36 .66
14500 .45 .27 .56 .20 .46 .69 .37 .83 .375 .69
15000 .50 .29 .no .27 .50 .71 .39 .86 .39 .71
15500 .50 .30 .61 .28 .51 .74 .40 .89 .40 .74
10000 .60 .30 .02 .29 .52 .75 .41 .92 .41 .76
16500 .55 .31 .66 .31 .55 .79 43 .96 .43 .79
17000 .55 32 .07 .31 .56 .81 .44 .99 .45 .82
17500 .56 .33 .68 .32 .57 .85 .46 1.02 .46 .85
1SO00 .56 .33 .6!» .325 .58
1S500 .110 .36 .75 .35 .62
19000 .63 .36 .77 .35 .64
19500 .64 .37 .78 .36 65
20000 .65 .37 r79 .365 .66
40000 1.75
47000 ......... ......... 2.20 ......... ...... .....

x

Breaking Weight of Beam IX = 51,600 I be. 
“ “ “ X = Is,000 “
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TABLE D.
.8 Deflections of lieain XI. Deflections of Beam XII.
-Ç L]- .'(4 ins. 68 inn. Ends. OH ins. 34 ins. 34 ins. 68 inf. Ends. Of} ins. 34 ins

.01 .005 .01 Oi .01
Î500 .02 .01 .035 .016 .025 .03 .02 .035 .02 .035
2000 .06 .02 .06 .025 .04 .05 .025 .066 .03 .05
2600 .00 .03 .075 .035 .00 .005 .04 . 076 .05 .07
:<ooo .076 .04 .10 .045 .08 .119 .045 .10 .05 .09
3000 .10 .06 .116 .055 .095 . 106 .00 .12 .00 . 105
•11100 .11 .06 .136 .00 .h .12 .07 .146 .07 .12
4600 .13 .07 .10 .07 .135 .16 .076 .105 .08 .145
5000 .15 .075 .176 .076 .14 .166 .09 . 185 09 .155
5600 .10 .086 .20 .09 .16 .17 .10 .205 .10 .17
6000 . IH5 .10 .22 .10 .18 .19 .11 .23 .11 .19
f»5oo .20 .105 .24 .11 .1% .21 .12 .25 .12 .21
7000 .'.15 .116 .26 .11 .215 .23 .13 .27 .13 235
7600 .24 .125 .28 .13 .235 .25 .14 .295 .il .25
8000 .25 .135 .30 .14 . 245 .27 .15 .315 .16 .27
8600 .20 .145 .32 .16 .206 .29 15 .34 .16 .29
1)000 .27 .16 .33 . 155 .27 .305 .17 .30 .17 .305
0500 .30 .16 .35 .165 .29 .32 .18 .305 .18 .32

10000 .315 .17 .38 .176 .305 .35 .19 .405 .19 . 35
10500 .34 .186 .40 . 185 .335 .30 .20 .425 .20 .30
11000 .30 .196 .435 .20 .30 .375 .21 .45 .21 .38
11500 .36 .20 .436 .20 .36 .39 .22 .47 .22 .40
12000 .395 .215 .476 .22 .396 .41 .23 .495 .23 .41
12500 .40 .22 .50 .23 .405 44 .24 .61 .24 .44
1.(000 .42 .23 .606 .24 .42 .45 .26 .635 .25 .46
13500 .45 .26 .64 .255 .445 .47 .26 .555 .20 .47
14000 .46 .255 .50 . 205 .40 .49 .27 .58 .27 .49
14500 .48 .266 .67 .275 .476 .50 .28 .00 .28 .505
15000 .60 .276 .00 .28 .50 .52 .29 .02 .30 . .52
1550O .515 .285 .62 .29 .615 .55 .3(1 .015 .305 .55
16000 .535 .295 .646 . 30 .63 .555 .305 .665 .31 . 50
16500 .54 .30 .66 .30 .635 .575 .'■VI .09 .32 .04

17000 .58 .32 .095 .32 .675 .6(1 .325 .71 .33 .00
17500 .585 .32 .70 .325 .575 .61 .88 .73 .345 .015
18000 .61 .34 .785 .345 .61 .03 .345 755 .035
18500 .61 .34 .745 .35 .015 .05 .36 .77 .30
19000 .65 .36 .78 .365 .655 .665 .30 .80 .375 .005
19500 .66 .36 .786 .376 .655 .085 .37 .82 69
20000 655 .366 .80 .375 .00 .705 .38 .85 .40 .705

.73 .395 .87 .41 .725
21000 .75 .40 .89 .415 .75

.405 .90 .415 .76
.78 .42 .935 .435 .78

22500 .81 .435 .96 .45 .805
.82 .446 .98 .455 .82

21000 .94
1 .12

1.14 1.17
1.22
1.40

Î .36 1.42
1.45

1.67
l .97......
2.00
2.28

48000 2.73
49000 2.9

Breaking Weight of Beam XI » 35,800 lbe. 
“ « •' XII * 49,000 “
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TABLE E.

i
c

Deflections of Beam XIII.
fl>
'SÏlS
2 O

Deflections of Beam XV. ■n CÛ

68 68 34 33 66 *6 66 33
ins. in*». ins. ins. ins. ins.w y Cti

' .03
1000

Ü. .04 .02 .025 .05 .01 .01 .02 .01 .02 .025

1500 .05 .035 .07 .03 .05 .085 .04 .02 .05 .025 .04 .05
.075

2000 .08 .05 .105 .05 .08 .115 .055 .035 .08 .045 .06
.09

2511(1 .10 .066 .14 .065 .h .15 .08 .045 .095 .05 .075 .1*0
17

5000 ,TT Ü8 .17 .08 .14 .19 .10 .05 .115 .06 .10 .125
20

.22 .U5
3500 .16 .10 .21 .10 .16 .11 .005 .14 .07 .12

.225

.25 .le,
4000 .20 .11 .245 .11 .20 .255 .13 .08 16 .085 .14 .175

.275 .20
45(10 .22 .13 .275 .125 .22 .155 .095 .185 .095 .16

.31*5 .2M5
.25 .145 .31 .14 .25 .32 .165 .105 .215 .105 .17 .225

.23
.355

550(1 .275 .15 .34 .155 .275 .19 ,ii .24 .115 .20
.25

.39
COiiii .30 . 166 .30 .17 .30 .40 .21

...
.125 .26 .125 .215 .27

.29
6500 .33 .18 .40 .185 .33 .23 .13 .285 .14 235
6600 .435

. 465 .31
71.... .36 .20 .44 .20 .36 .485 .255 .146 .31 .15 .255 .325

.50
.34

7500 .33 .215 .47 .22 .39 .27 .155 .335 .iô .276
7800 .54 .36
8000 ,4i .225 .50 .23 .41 .56 .295 .165 .35 .175 .30 .375

.585
.40

8500 .45 .245 .54 .245 .45 .31 .18 .38 .18 .315
.005

.42
9000 .46 .255 .57 .26 .47 .64 .34 .19 .40 .19 •34 .425

9400
....

.45

7
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TABLK E.—(Continued.)

Loads
in
lbs.

Deflections of Beam XIII.

>
.!* 

ï 1 
I®

Deflections of Beam XV.

«>
OKI
1 £ 
I*

34 68 Ends 68 34 33 66 66 33
ms. ms. ms. ms. ms. ins. ins.

9500 .50 .275 .605 .28 .50 — .35 .20 .425 .205 .355
•moo . 00
9Riin .715

10000 .52 .29 .64 .295 .53 .73 .37 .21 .44 .21 .375 .485
10‘2(|() .70
10400 .765
10500 .55 .305 .67 .31 .55 .40 .22 .475 .22 .40
10000 8(1
KisOO .805
11000 .585 .32 .705 .325 .585 .415 .23 .50 .24 .115 .54
11300 .845
11500 .61 .34 .745 .345 .61 .44 .24 .525 .25 .445 .565
11700 .88
12000 .64 .35 .78 .36 .04 .01 .45 .256 .55 .26 .45 .59
12200 .035
1 ‘2400 .05
12500 .66 .365 .81 .375 .67 .47 .265 .57 .27 .405 .61
12000 . 055
1 2K00 i.oo
13000 .70 .385 .846 .395 .70 1.00 .495 .275 .60 .28 .50 .65
1*4200 . 1 02
13500 .725 .40 .885 .41 .7.15 .51 .285 .02 .29 .51 .68
14000 .75 .415 .916 .42 .76 54 .295 .64 .30 .54 .71
14500 .795 .435 .00 445 .705 .305 .60 .31 .73
15000 .81 .45 .99 .46 .82 .57 .32 .00 .32 .576 .75
15500 .85 .47 1.025 .475 .85 59 .33 .715 .335 .00 .78
16000 875 .485 1.065 .40 .875 .61 .34 .74 .34 .015 .81
16500 .905 .505 1.10 .515 .915 .04 .35 .705 .35 .(,1 .83
17000 .94 .52 1.135 .625 .94 .65 .36 .79 .36 .655 .87
17500 .97 .54 1.18 .545 .975 .... .67 .375 .81 .675 .90
18000 1.00 .55 1.22 .50 1.01 .69 .385 .835 .39 .70 .93
18500 1.04 .575 1.265 .58 1.045 .71 .305 .66 .40 .71 .95
190001.06 .50 1.31 .00 1.07 .74 .405 .875 .41 .735 .98
19500 1.1 .015 1.35 .62 1.1 .75 .415 .91 .42 1.00
201 00 111 .63 1.39 .635 1.14 .77 .425 .94 .43 .775 1.04
20500 1.165 .65 1.43 .655 1.176 1.07
21000 1.21 .67 1.485 .68 1.22 1.20 1.10
21500 1.24 .085 1.515 .69
22000 1.28 .71 1.57 .715 1.29 1 15
22500 1 17
2-MOO 1.20
24000 1.70
25000 1.30
2il000 1.88
20300 2.05

1 45
1.55

20300 2.6 1.70
30000 1 00
32000 2.25
35000 ..... 2.33
37000

Breaking weight of Beam XIII = 29,300 lbs.
............................XIV = 17,000 •<
•• " “ XV = 37,000 "
.......................... * XVI = 25,580 to 32,000 lbs.
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TABLE F.
Deflections of Beams XVII, XVIII and XIX.

Load
in

IIm.

XVII. XVIII. XIX.

b h it 1

ill

. 1
li

1st Load
Beam gradually 

relieved of 
load.

2nd
load
ing.

Ende. E de Elide Ende. KMh «1 End »♦} M| End 34 i

1000 .005 .005 .015 .005 .010 .010 .010 .015 .020
2000 010 015 .015 .020 .045 . 030
3000 .020 030 .020 .050 .060 . 055
4000 .0.30 .0.30 .030 .060 .090 .070 .055 .095 .060
5000 .07 .010 .040 .045 .070 . 105 .085
6000 .050 . 050 .050 .090 .130 .100
Toon 060 . 060 .060 .110 .150 .105
7500
8000 .......... .075 .070 .070 .115 .170 .125 .120 .190 .120
8500.......... .120 .185 . 135
9000 .......... .080 .085 .075 .130 . 200 140
9500 . 140 .215 .145

11100(1 .16 .095 .095 .083 .150 .225 . 150 ....
1050(1 .10(1 .155 . 235 . 160
1 iOOO .100 .103 .095 .160 . 245 .165
11500 . 250 .170
12000 .110 .110 .100 .170 .265 .180 .170 .255 .170
12500 .18 ...
13000 .......... .130 .110 . 180 .290 . 190

....

....
14000 . 130 125 200 .310 . 205
15000 .22 . 140 130 .210 .330 .220 ........
16000 .150 .150 .225 .345 .230
lTiiiMi........ .165 .165
17500 .26
18000 . 176 .1711
19000 .185 .185
20000 .30 .200 .420
22000 .465
22500 .34
24000 ..........

.... .510
25000 . 385 .220
26000 .405 .550
27001 .425
28001 .445 .600
29001 .466 —
30001 .485 .240 .641)
alow .510
32000 .635 .695
380W
34000 .585
35001 .61 .310
36000 .64
37000 .68 .780
38000 .716
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TABLE E—(Continued.) 
Drtfeulione of Beams XVII, XVIII anrl XIX.

133

67000 .

XVII; XVII. XIX,

h i ■
i =

itl

i-si 
a = *

h

j

E’ds

1st Loading.
Beam gradually 

relieved of 
Jjoad.

•2nd
load-
ing:

Endw. Eds E’de Endn. 34*
inf*. End *1 34} End 34}

ins.

.75

.796

.850

.980
1.006

.830

.340 870

1.080
1.055
1.085
1.125
1.150
1.240
1.285
1.315
1.365 
1.465

.... .... .......... ...
....

.350

1.030

.... ........ .400

1.600
1.640
1.675
1.720
1.630
1.910
2.020

.... .440 1.100

.490

.600
1.160
1.230 
1.310 
1.510

.540
1.525

.630

.700

Breaking weight of Beam XVII - 48,600 lbs. 
“ “ •' XVIII - 69,400 “
“ “ “ XIX = 69,540 -
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TABLE G.

Deflections of Beams XX and XXI.

XX. XXI.

let Loading. its 2nd Loading. let Loading.

B
ea

m
 g

ra
d

ua
lly

 re


lie
ve

d 
of

 I’d

2nd Loading.

End 34*
ins. Elide. 34*

ine. Ende 341 E’ds 34}
me. Ends. Ends

.u09 .02 01 f .020 015 ftl*
.0 .0 .0 .001 .003 .005 .005 .025 .035 .025
.... . 065 . 045
.015 .016 .015 .055 086 .060 .095 .066 .095 .065__ .075 11(1 .075.... .095 .135 .090.. .. .110 .115 .110
.035 .040 .040 .045 .035 .045 .040 .120 .185 .125 .195 .120 .185 .125..... .140 . 205 .140
.048 .050 .050 .155 230 . 155
.050 .080 .055 .185 .275 .185 '.280 "Tiii .285 .785
.05;'» .090 .065 .220 . 325 .215
.070 .105 .080 .105 .070 .105 .075 .255 .370 .250 .376 255 .370 .250

i .. .270 .405 .270
» .084 .iis .090 .285 .430 .285

___ .455 . 300
.095 .125 .100 .317 .470 .315 .470 .315 .470 .316

1 .... .495 . 3.30
.loo .140 .105 .520 .345
.... 546 .360
.110 .155 .iis .160 .105 .160 .110 .380 .565 .375 675 .380 .*575 .*380

1 .12(1 .17(1 .12(1
.130 .185 .135

1.135 .200 .140
.146 .210 . InO .215 .145 .215 .150 .515 .765 .515

i .152 .225 .16(1
. 163 .240 .170
.175 .255 .180 ' i .ùlô

.180 .270 .190 .270 .180 .270 .185 .646 .970 .640
» .194 .285 .20(1

.200 .300 .205 .715 1 076 ’’■nn

.210 .315 .220

.220 .326 .230 .325 .216 .325 .235 .785 1.170 .765
1 ...
> .... .255 .380 .260

» ... 1.515
1 .... .285 .43(1 .290 1.670....
i .... 2.0001 ....
1 .... .485 .325
).... .360 .545 .370
.... .505 .410
... .440 .665 .450

.725
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TABLE G.—(Continued).

Deflections of Beams XX and XXI.

Load
in

lbs.

XX. XXI.

M
m 2nd Loading. 1st Loading. Mifi 2nd Loading.

34J End 34*
ins. Ends. 34*

ins. Ends ini 34 j EU 34*
ins. Ends. 34j Ends .344

28000
30000
32000
34000
36000
38000
40000
42000
44000
46000
48000

.791

.860

.920

.990

1.50
2.40
3.60
5 05
6.60

....

....

....

Breaking weight of Beam XX — 41),800 lbs. 
“ “ “ XXI - 17,960 “

Tables H and 1 show deflections in inches of Old Douglas Fir, etc. 

TABLE H.

Deflections of Beams XXII and XXIII.

Loads, 
in lbs.

XXII. XXIII.

27 54
ins. Ends 54

ins
27 l 31

ins.
62 Ends. 62

ins.
31

.015 .01 .015 .00 .01
1.500 .02 .01 .02 .01 .01 .025 .02 .025 .01 .02
2,000 .025 .02 .0.3 .01 .02 .04 .03 .045 .02 .035
2,500 .04 .025 .04 .02 .03 | .05 .045 .05 .025 .045
3,000 .045 .03 .05 .025 .04 .065 .05 .065 .03 .06
3,500 .05 .035 .06 .03 .05 .08 .06 .085 .04 .07
4.000 .06 .04 .07 .035 .06 .10 .065 .105 .045 .085
4,500 .07 .04 .08 .04 .07 .11 .08 .12 .05 .a
5,000 .08 .05 .10 .045 .08 .125 .09 .135 .06 .115
5,500 .09 .055 .12 .05 .09 .14 .095 .150 .065 .13
6,000 .10 .06 .1.3 .055 .10 .16 .10 .175 .075 .15
6,500 .11 .06 .14 .055 .11 .17 .11 .185 .075 .16
7,000 .12 .07 .15 .06 .12 .18 .12 .20 .085 .175
7.500 .13 .075 .155 .065 .13 .20 .13 .225 .095 .19
8,000 .14 .06 .16 .07 .14 .21 .14 .25 .10 .20
8,500 .15 .085 .17 .075 .15 .225 .145 .255 .11 .215
9,000 .16 .09 .18 .08 .16 .24 .155 .275 .12 .226
9,500 .17 .096 . 195 .085 .17 .25 .160 .285 .125 .245

10,000 .18 .10 .20 .09 .175 .26 17 .305 .13 .255
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TABLE H.—(Continued.)

Defloctiona ol Ileum- XXII ami XXIII.

XXII. XXIII.

in Iba. 27
ins.

54
ins. End* 54

ins.
27
ins.

81 62
ins. Ends 62 31

10,500 .19 .106 .21 .095 .18 .275 .185 .325 .14 .265
11,000 .195 .11 .22 .10 .19 .29 .19 .345 .145 .275
11,500 .20 .115 .23 .105 .20 .305 .20 .355 . 15
12,000 .21 .115 .245 .h .21 .32 .205 .376 .16 . 305
12,500 .22 .12 .255 .115 .22 .335 .21 .390 .17 .32
13,000 .23 .125 .265 .12 .225 : .35 .225 .415 .34
13,500 .235 .13 .275 .125 .235 .365 .235 .425 .18 . 355
14,000 . 26 .14 .29 .13 .25 .38 .245 .41 .19
14,500 .255 . 145 .30 .135 .26 .395 .25 .455 .20 .3815,000 .265 .15 .31 .14 .265 .41 .26 .475 .205 .395
15,600 .27 .155 .32 .145 .27 .425 .27 .496 .215 .405
16,000 .28 .16 .33 .15 .28 .44 .275 .505 .22 .42
16,500 .29 .16 .34 .16 .29 .455 .285 . 525 .23
17,000 .259 .17 ■35 .165 .29 .47 .29 .546 .345 .45
17,500 .30 .175 .36 . 165 .31 .485 .30 .555 .245 . 465
18,000 .31 .18 .37 .175 .316 .50 .305 .575 .25 . 476
18,500 .32 .185 .39 .175 .32 .515 .313 .595 .26 . 185
10,000 .33 .19 .39 . i8 .33 .53 .32 .605 . 265 50
19,500 .34 .195 .4(1 .18 .34 .545 .33 626 .275 .51
20,000
20,500

.36 .20 .425 .185 .35 .555 .345 .645 •28. . 53

21,000 .43 .580 .360 .675 .305
21,500 59 37 . 696
22,000 .45 .605 .375 . 705 !di .58
22,500 .6*25 38 • 725 .595
23,000 395 .745
23,500 .65 .40 .765 .335
24,000
25,000 .51

.04

26,000 .54
27,000 .555
28.000 .57 .90
30,000 1.00
31,000 .66

....
32,000 .67 1.05
34,000 .71 1.15
35,000 .745
36,000 .76
38,000 1 97
40,000 .86 1.34
41,000 .9(1
42,000 1.45
44,000 .975 1.53
45,000 1.02
46,000 1.60
47,000 i.07
49,000 1.10
51,000 1.15
53,000 1.20
56,000 1.27 v.v.

Breaking woight of lleam XXII = 5S.400 Iba. 
“ “ “ XXIII = 47,660 ••
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TABLE I.

Deflections of Beams XXIV and XXV.

XXIV.

Ends.

14,000

21.000

33,000

37,000
38,000

Breaking weight of Beam XXIV 
th.
Breaking weight of Beam XXV =

76,900 lbs. for beam of reduced
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Table J showing deflections in inches of two Douglas Fir planks 
under gradually increased loads.

TABLE J.

Loads 
in lbs.

Deflections 
in ins. of 
Plank 1.

Deflections 
in ins. of 
Plank 2

Ends. Ends.

2,000 .05 .06
3,000 .07 .10
4,000 .10 .15
5,000 .12 .19
6,00(1 .15 .23
7,000 .16 .27
o,oou .18 .35
9,000 .21 ...

Breaking weight of Plank 1 —. 22,250 Its* “ •’ “ 2 - 1H,260 “
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T ibles K to M shew deflections in inches of Canadian New Red 
Pine Beams.

TABLE K.

Deflections of Beams XXVI to XXVIII.

lbs.
XXVI. XXVII. XXVIII.

35 ins. 70 ins. Ends. 70 ins. 35 ins. Ends. Ends.

1,000 .055 .035 .065 .04 .055 .08 .09
1,500 .110 .060 .135 .060 .110 .16 .15
1,800 .145 .080 .175 .080 .150
2,000 .165 .095 .200 .09 .166 .20 .225
2,300 .195 .110 .235 .110 .200
2,500 .215 .125 .260 .125 .215 .26 .300
2,700 .235 .130 .285 .130 .240
3,000 .265 .150 ..320 .160 .265 .32 .36
3,200 .290 .160 .350 .160 .295
3,500 .320 .180 .385 .180 .320 .37 .44
3,700 .345 .195 .410 .195
4,000 .370 .210 .450 .210 .370 .44 .50
4,200 .395 .225 .475 .225 .400
4,500 .430 .245 .510 .245 .430 .49 .575
4,700 .450 .255 .535 .250 .450
5,000 .480 .270 .570 .265 .475 .55
5,200 .500 .280 .600 .275 .500
5,500 .535 .295 .635 .290 .530 .60 .72
5,700 .560 .310 .660 .305 .550
6,100 .580 .330 .700 .320 .580 .66 .79
6,200 .605 .340 .725 .335 .600
6,500 .635 .360 .755 .350 .635 .73 .86
6,700 .655 .370 .790 365 .655
7,000 .690 .385 .825 380 .685 .79 .93
7,200 .715 .395 .855 .390 .705
7,500 .745 .415 .890 .410 .740 .85 1.00
7,700 .765 .425 .915 .425 . T56
8,000 .800 .445 .950 440 .800 .92 1.07
8,200 .820 .455 .980 .455 .815
8,500 .850 .475 1.020 .470 .855 .99 1.14
8,700 .880 .495 1.050 .485 .875
9,000 .915 .510 1.100 .510 .915 1.05 1.21
9,200 .945 .525 1.135 525 .945
9,500 .995 .545 1.185 .546 .985 1.13 1.28
9,700 1.015 .560 1.225 .56(1 1.010

10,000 1.050 .585 1.265 .580 1.050 1.20 1.36
10,500 1.43
11,000 1.400 1.36 1.50
11,500 ...... 1.57
12,000 1.600 1.54 1.66
12,500 1.72
13,000 i.700 1.63 1.80
13,500 1.87
13,800
14,000 2.050 1.95
14,500 2.06
15,000 2.00 2.15
15,500 2.30
15,600 2.750
16,000 3.000 2.20 2.44
16,500
17,000 2.52
17.050 ...... 2.80

Breaking eight of Beam XXVI 
“ XXVII 
“ XXVIII

IS,940 lie 
17,700 “ 
17,050 “
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TABLE L.

Deflections of Beams XXIX to XXXII.
Loads
in
lbs.

XXIX. XXX. XXXI XXXII.

35 in s 70 ins. Ends. 70 ins. 35 ins. Ends. Ends. Ends.

200 .035
500 .030 .015 .04 .ois .020 . 130 .185
000 .235
700 .290
800 .245 .340
000 .385

1,000 .120 .050 .140 .070 .100 .320 .29 .430
1,100 . 195
1,200 .545
1,300 .440 .385 .600
1,400 .185 .000 .225 .110 .ioo .650
1,500 .506 .450 .700
1,600 .750
1,700 .590 .520 .800
1,800 .265 .135 .310 .iso .250 .865
1,900 .915
2,000 .300 .150 .350 .170 .290 .710 .615 .960
2,100 1.015
2,200 1.075
2,300 .835 .725 1.145
2,400 .370 iii .440 .205 .360 1.195
2.500 1........... .905 .780 1.245
2,600 l........... 1 .300
2,700 ...... 1.360
2,800 .440 .235 .525 .250 435 1.040 .900 1.410
2,900 1.465
11,000 .480 .250 .565 .265 460 1.150 .960 1.525
11,100 1.585
3,200 1.210 1.035 1.625
11,110(1 1.700
3,400 .550 .295 .650 .305 .540 1.750
3,500 1.340 1.Ü5 1.800
3,600 1.865
3.700 1.935
3,800 .620 .830 .740 350 . 6 i 0 1.456 1.225 1.990
3,900 2.025
4,000 .040 .360 .776 .365 . 640 1.550 1.320 2.100
4,100 .... 2.170
4,200 .... 1.640 2.220
4,300 1.446 2.290
4,400 .740 .390 .865 .410 .730 2.355
4,500 1.765 1.510 2.420
4,600 2.470
4,700 .... 2.530
4.800 .810 .445 .960 .450 .800 1.900 1.615 2.610

or. t.
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TABLE L.—(Continued.')

Deflection* of Beam* XXIX to-XXXII

XXX. XXXI XXII.XXIX

35 in*. 70 in*. ! Ends. 70 in*. 35 in*. End*. Ends.

2.680
850 . 460 835 II 2.010 1.7001.000

2.830
2.120

910 .600 1.085
2.335 ! 1.895
2.515

580 1.005 2.900 1 2.1151.030
1.110 .610 620 1.100

2.410
1.170 .640 1.405 660 1.175

1 456 676 1.210
7,400 1.290 740 1.300

1.360 775 1 36(1
786 1 .710 800 1.410

850 1.510
1.590 .880 1.915 900 1.580
1.640 910 2.005 9.30 1.650

11.000 I 2.650
Breaking weight of Beam XXIX 11,960 lb*.

XXX
XXXI

XXXII



\
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TABLE M.

1

Loads in 
lbs.

Deîiections of Beam#» XXX111 toXXXV.

XXXIII. XXXIV. XXXV.

Ends. Ends. Ends.

500.......................... .065 .080 .030
H00.......................... .145 . 065

1,000.......................... .160 .185 .090
1,200.......................... .205 .230 .125
1,400 ........................ .250 .275 .150
1,600.......................... .275 .320 .175
1,800.......................... .325 .360 .195
2,000.......................... .375 .405 .220
2,200.......................... .410 .450 .245
2,400.......................... .465 .490 .270
2,600.......................... .500 .536 .296
2,800 ........................ .540 .580 .320
.5,000.......................... .686 .625 .345
3,200.......................... .630 .670 .370
3,400.......................... .670 .715 .390
3,600.......................... .710 .760 .415
3,800.......................... .750 .810 .445
4,000.......................... .790 .860 .465
4,200.......................... .830 .900 490
4,400.......................... .870 .946 .515
4,600.......................... .910 .990 .546
4,800.......................... .950 1.035 .566
5,000.......................... 1.000 1.080 .590
5,200 ........................ 1.040 1.125 .615
5,400.......................... 1.090 1.175 .640
5,600.......................... 1.125 1.220 .670
5,800 ........................ 1.165 .695
6,000.......................... 1.220 .720
0,200.......................... 1.260 . 745
0,400.......................... 1.310 .770
6,600.......................... 1.356 .800
6,800.......................... 1-415 .830
:'uoo. . . . . . . . . . . . . . . . . 1.455 .860
7/200.......................... 1.545 .885
7 400.......................... 1.590 .915
7 000.......................... 1.640 .950
7*800 ......................... 1.690
8/200.......................... 1.790

Breaking weight of Beam XXXIII - 9,250 I be. 
“ *' “ XXXIV = 5,600 “
-• <• *« XXXV = 7,600 «



Red Pine, White Pine and Spruce. 145

Tables N to Q show deflections in inches of Canadian New White 
Pine Beams.

TABLE N.

Deflections of Beams XXXVI to XLI.
£

MOO
7000

10000
11000
12000
15000
17500
20000
22000
22500
24000
25000
26000
27500
26010
30000
32000
32500
34000
36000

XXXVI. XXXVII. XXXVIII. XXXIX XL XLI.

108 72
ins.

36 4 1 ;'6 
1 ,nB-

72 108 Ends. Ends. Ends.
2

«-y
2

.109
376

.594

.719

.799

.906
1.125

.30

.70
1.00
1.34
1.47
1.68
2.05

.30

.93
1.33
1.78
1.96
2.24
2.70

.32 .30 
1.02 .90
1.45 1.29 
1.9511.74 
2.16 1.93
2.45 2.20 
2.97 2.65

.29

.66

.95
1.28
1.42
1.62
1.96

.109

.344

.516

.688

.750

.875
1.047

.10 .a .h .13

.125

.15
.19
.21

.14

.165

.19

.2255

...... .17 .20

.23

.25
.29
.32

.245 .2555
.27 .35

.27 .285

.31
.30 .40

.30
.33
.36
.39

.44

.49

.63
.33 .35

.37
.42
.15

Breaking weight of Beam XXXIV * 10,000 Him.
<• “ •• XXXV = 24,000 ••
•• “ “ XXXVI - 52,450 ••
“ “ •* XXXVII = 51,400 «
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TABLE O.

Deflection* of Beams XLII to XLIV.

5 XLII. XLIII. XLIV.

i 108 ins 72 ins. 36 ins. Ends. 36 ins. 72 ins. 108 ins Ends. Ends.

2500 .0312 .05 .07 .08 .07 .055 .031
.100(1 .047 .095 .14 .15 .14 .10 .047
3500 .078 .13 .18 .19 .18 .13 .078
4000 094 .17 .24 .26 .24 .17 .109
4500 .100 .20 .27 .30 .28 .205 .125 ..........
5000 . 125 .245 .33 .37 .34 .25 .141 ..........
5500 141 .275 .38 .42 .39 .28 .156
f>000 .172 .325 .44 .47 .45 .33 .172
6500 .187 .35 .49 .53 .49 .35 .188
7000 .210 .39 .54 .60 .34 .40 .219
7500 .234 .425 .59 .65 .60 .43 .234
8000 .260 .47 .64 .71 .65 .47 .266
8500 .281 .505 .69 .76 .70 .52 .281 ........ .
0000 .297 .54 .75 .82 .75 .55 .312
0500 .312 .59 .80- .90 .81 .60 .328

10000 .328 .61 .84 .93 .85 .63 .344 .10 .ii
10500 .369 .66 .91 1.00 .91 .67 .359 ..........
11000 .375 .70 .97 1.07 .96 .71 .375
11500 .406 .75 1.03 1.14 1.04 .76 .406
12000 .422 .77 1.06 1.17 1.07 .79 .422
12500 .438 .80 1.11 1.21 1.11 .82 .438
1.3000 .453 .835 1.16 1.30 1.17 ■ 875 .453
13500 .484 .005 1.24 1.37 1.25 .93 .484
14000 .500 .945 1.29 1.44 1.31 .97 .610
14500 .531 .975 1.34 1.49 1.355 1.00 .531
15000 .547 1.02 1.40 1.55 1.415 1.02 .662 .1*6 .ic
15500 .562 1.06 1.45 1.61 1.48 1.10 .578
16000 .593 1.105 1.51 1.68 1.53 1.15 .593
16500 .609 1.15 1.57 1.76 1.60 1.19 .625
17000 .641 1.19 1.63 1.81 1.65 1.23 .641
17500 .6 56 1.23 1.68 1.87 1.705 1.27 .672
18000 .687 1.27 1.75 1.96 1.775 1.32 .687
18500 .719 1.34 1.84 2.05 1.86 1.39 .734
19000 . 750 1.38 1.89 2.11 1.92 1.43 .750
10500 .766 1.43 1.95 2.19 1.98 1.47 .766
20000 .781 1.48 2.02 2.27 2.05 1.62 .797 .23 .24
20500 .813 1.53 2.10 2.35 2.13 1.58 .828
21000 .844 1.58 2.16 2.42 2.19 1.62 .859
21500 .875 1.665 2.28 2.55 2.31 1.70 .891
22000 .924 1.72 2.36 2.65 2.39 1.77 .938
25000 .... .... .... .... .... .... .29 .30

Breaking weight of Beam XXXVIII = 26,350 lbs.
'• •• « XXXIX - 48,600 “
>• •• « XL - 51,870 “



He<l Pi nr., Wltitn Pine ami Sjirtict. 14,'.

TABLE I'.

Deflections of Brama XLV to XI,VII.

*2
XLV. XLVI. I XLVII

J 108 in* 72 ins. 36 in- Ends. 36 ins. 72 ins 108 ins Ends. Ernie.

2600 .126 .22 .30 .34 .29 .21 .141 .023000 .141 .27 .35 .39 .34 .31 .156
3500 .172 .29 .41 .45 .39 .34 .188
4000 .188 .34 .45 .50 .44 .36 .20.3
45011 .203 .37 .50 .55 .49 .44 .219
5000 .219 .42 .55 .61 .54 44 .234
;»500 .234 .45 .60 .67 .59 .47 .250
tiOOO .250 .49 .65 .73 .64 51 .266
6500 .200 .53 .71 .79 .69 .56 .281
7000 .297 .66 .76 .84 .74 .59 .312
7.500 .312 .60 .81 .90 .79 .62 .328
HO0O .344 .63 .86 .95 .85 .66 .344
8500 .359 .67 .92 1.03 .90 .69 .359
0000 .376 .71 .97 1.08 .95 .74 .391
0500 .391 .76 1.02 114 1.00 .78 .406

moon .422 .79 1.08 1.20 1.06 .81 .422 12 .1010500 .438 .83 1.14 1.26 1.11 .86 .438
1I0UU .453 .87 1.20 1.33 1.17 .90
116110 .484 .92 1.26 1.4i» 1.24 .95 .500
121100 .500 .96 1.31 1.47 1.28 .9k .516
12500 .531 1.01 1.36 1.53 1.34 1.02 .531 .13
13000 .547 1.05 1.42 1.59 1.39 1.06 .547
13500 .563 1.08 1 .48 1.66 1.45 1.10 .578
14000 .593 1.13 1.65 1.73 1.51 1.15 .593
14500 .625 1.17 1.60 1.79 1.57 1.18 .625
15000 .641 1.21 1.65 1.86 1.62 1.22 .611 .20 . n;15500 . 656 1.25 1.71 1.93 1.69 1.27 .656
10000 .687 1.30 1.78 2-00 1.75 1.31 .672
10500 .703 1.35 1.85 2-08 1.82 1.36 .687
17000 .734 1.39 1.90 2-14 1.86 1.40 .734
17500 .766 1.43 1.97 2.22 1.94 1.45 .750 .2018000 .781 1.50 2.05 2.33 2.02 1.51 .781
18500 .797 1.54 2.11 2-39 2.08 1.56 .797
10000 .828 1.59 2.19 2-48 2.15 1.60 .828
20000 .875 1.68 2.31 2-63 2.29 1.70 .876 .26 .23
20500 .924 1.75 2.41 2-76 2.38 1.77 .924
21000 .953 1.82 2.50 2-88 2.47 1.83 .953
22500
25000 .35 .30
27500
30000 ........1............ .39

Breaking weight of Beam XLI
..................... ....
“ “ “ XLIH

- 24,850 lbs. 
= 44,400 «•
» 48,640 “
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TABLE Q.

Deflections of Beams XLVIII to L.

Î
XLVIII. XLIX. L.

37*
inn. En

ds
.

374 37}
ins. 1Eti

37*
ms.

46}

En
ds

. 46}

1000 .01 .01 .01 .005 .01 .005 .015 .016 .01
2000 .025 .03 .02 .02 .04 .02 .04 .055 .035
:tooo .04 05 .035 .035 .06 .035 .07 .105 .065
4000 .055 .065 .052 .05 .08 .05 .10 .16 .10
5000 .065 .085 .06 .065 .10 .065 .136 .195 .135
6000 .08 .104 .075 .075 .125 .08 .165 .246 .165
7000 .10 .125 .08 .095 .15 .095 .20 .295 .20
8000 .106 .15 .103 •u .17 .106 .22 .33 .225
oooo .12 .17 .11 .125 .20 .13 .25 .375 .255

10000 .135 .195 .125 .14 .22 .14 .28 .43 .28
1050(1 .14 .215 .135
iiooo .16 .22 .143 .155 .25 .16 .30 .46 .30
11500 .166 .23 .15
12000 .166 .24 .155 .175 .265 .165 .33 .50 .33
12500 .176 .25 .16 .18 .275 .17 .35 .53 ..35
12000 .18 .265 .165 .19 .29 .185 | .36 .55 .36
13600 .166 .27 .17 .20 .30 .195 .375 .57 .375
14000 .19 .285 .177 .21 .315 .20 .39 .60 .39
14500 .20 .295 .19 .215 .32 .21 .41 .616 .40
15000 .21 .306 .20 .22 .35 .216 .42 .646 .42
15600 .215 .32 .205 .225 . 356 .22 .43 .655 .43
16000 .22 .33 .21 .235 .366 .23 .445 .67 .45
16500 .23 .34 .223 .246 .376 .24 .46 .70 .46
17000 .235 .365 .28 .25 .39 .25 .475 .72 .475
17500 .24 .365 .235 .26 .406 .255 .49 .745 .50
18000 .25 .38 .21 .27 .415 .26 .51 .76 .51
18500 .25 .395 .26 .275 .425 .27 .525 .795 .52
19000 .265 .405 .255 .285 .44 .28 .54 .82 .55
19500 .27 .415 .26 .295 .455 .29 .55 .84 .56
20000 .275 .425 .27 .30 .465 .39 .67 .865 .58
20500 .285 .445 .285 .31 .475 .31 .585 .895 .59
21000 .296 .46 .29 .32 .495 .32 .60 .92 .61
21501 .30 .47 .295 .326 .505 .325 .62 .94 .63
22000 .31 .485 .305 .34 .515 .315 .635 .965 .64
22500 .32 .50 .31 .345 .52 .34 .65 1.00 .65
2300" .33 .516 .32 .36 .535 .345 1.03
23500 .385 .53 .33 .36 . 555 .35
24000 .35 .54 .34 .37 .57 .36 1.07
24500 .36 .555 .36 .38 .58 .37
25000 .365 .565 .355 .385 .585 .375 1.14
25500 .376 .585 .365 .39 .60 .386
26000 .3H5 .60 .38 .40 .61 .395 1.16
26500 .395 .615 .385 .415 .625 405
27000 .625 .42 .645 .41 1.25
27500 .43 .66 .42
28000 .445 .675 .43 1.33
28500 ••• .... .45 .69 .445 ........ ..........
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TABIÆ Q.—(Continued.)

i

1

Deflections of Beams XLVIII to L.

XLVIII. XLIX. L.

a
37} 37*

ins. a
37)
me.

46}

En
ds

.

461
ins.

29000 .46 .71 .455 1.41
29500 .465 .725 .46
30000 .69 .475 .74 .47 1.49
31000 .78 1.55
32000 .76 1.60
34000 .85
30000 .94 .92
37000 .98 ..........
37300 1.00
38100 1.18 ....
10000 1.26 __ 1.20
41000 1.30
44000 1.60
45000 1.85
40000 1.97 1.70
47000 .... 2.16 1.95 .......... ..........

Breaking weight of Beam XLVIII « 38,100 Ils. 
• " " XLIX • 47,080 “
" « “ L = 32,200 “
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Tahiti It chows deflections in moin s of Canadian White Pine Beams 

which have been in survive.

TABLE It. k

Deflections of Beams LI to LUI.

.= LI. LII. LUI.

1 32 64 64 32 30 60 15 60 30 30 60 60 s#
- ms 4 in». inn. in». id in*. ill8. ins. id in1». in*.

1000 .02 .02 .035 .02 .02 .02 .01 .025 .01 .02 .03 .01 .04 . 02 03
16011 .05 .03 .065 .03 .05 ."5 .02 .055 .025 .05 .056 .02 .065 .04 .06
2000 .06 .05 .09 .05 .07 .060 .040 .075 .010 .070 .08 .04 .10 .05 .085
2500 .10 .065 .12 .03 .10 .09 .05 .105 .05 .096 .11 .06 .135 .065 .11
3000 .11 .08 .145 .07 .12 .135 .08 .16 .08 .14
3200 . 12 M 135 07 1 ‘25
3500 .14 .09 .176 .085 .15 .14 .07 .165 .ns .145 16 .095 .20 .09 .16
4000 .17 .10 .21 .10 .175 .16 .08 .185 .09 .10 18 .105 .235 .10 .19
4500 .19 .12 .24 .115 .20 .18 .10 .21 .11 .18 .21 .11 .26 .12 .22
5000 .21 .13 .266 .13 .23 .20 .105 .235 .12 .205 .235 .13 .28 .13 .24
5500 .25 .14 .30 .145 .25 .145 .325 .15 .27
5700 .22 .12 .265 13 245
0000 .27 .15 .325 .16 .275 .245 .13 .285 .14 .25 .29 .16 .35 .165 .30
0500 .29 .17 .35 .17 .30 .26 .14 .31 155 .276 .31 .18 .39 .18 .32
7000 .31 .185 .385 .185 .33 .29 .15 .345 .17.» .30 .34 .19 .42 .19 .35
7800 .345 .20 .415 .20 .35 .37 .20 . 45 .21 .385
7800 .31 .il! .375 .19 .325
8000 .35 .21 .446 .216 .375 .34 .17 .40 .20 .35 .40 .22 .49 .23 .405
8500 .38 .225 .47 .235 .40 .35 .185 .415 .215 .36 .425 .24 .515 .24 .44
0000 .40 .1.1 .50 .25 .425 .375 .195 .445 225 .39 .455 .25 .55 .256 .46
9500 .425 .25 .53 .26 .45 .40 .71 .175 .24 .41 .27 .585 .27 .495

10000 .45 .20 .555 .285 .48 .42 .22 .50 .25 .435 .505 .285 .615 .285 .52
10500 .47 .27 .585 .29 .50 .45 .24 .535 .27 .46 .53 .29 .65 .30 .55
11000 .50 .29 .615 .305 .53 .. .565 .305 .69 .31 .58
11500 .515 .30 .65 .315 .55 .47 .25 .56 .28 .185 .59 .32 .725 .33 .60
12000 .55 .31 .67 .33 .58 .625 .34 .76 .35 .61
12500 .57 .33 .70 .35 .60 .51 .27 .615 ,:ii .53 .65 .353 .795 .365 .665
1:1000 .60 .34 .735 .36 .63 .55 .30 .655 .33 .57 .675 .365 .825 .39 .69
10500 .62 .35 .76 .37 .66 .57 .31 .685 .345 .59 .71 .385 .855 .405 .72
14000 .65 .305 .79 .39 .685 .60 .32 .71 .355 .61 .74 .405 .90 .42 .75
14500 .67 .38 .82 .40 .71 .616 .34 .74 .37 .64 .77 .42 .94 .43 .79
15000 .70 .39 .85 .415 .735 .64 ..35 .765 .385 .655 .80 .435 .985 .45 .815
15500 .725 .41 .875 .435 76 .66 .36 .79 .39 .68 .835 .46 1.02 .47 .85
10000 .75 .42 .91 .445 .785 .69 .38 .83 .415 .71 .87 .47 1.07 .48 .89
10500 .77 .435 .94 .455 .81
17000 .80 .45 .97 .47 .84 .72 .39» .865 .43 .74 1.15
17500 .82 .47 1.00 .49 .86 .76 .415 .915 .45 .78
18000 .85 .475 1.03 .51 .89 .79 .44 .95 .47 .81
18500 .88 .49 1.07 .53 .925
19000 .90 .50 1.10 .54 ,96 .985
19500 .93 .52 1.14 .985
20000 .96 1.185 .60 1.03 1.06
20500 1.00 1.235 1.07
21000 1.04 1.28 1.11 1.10
21500 1.32 1
22000 1.18
22650 1.40
23500 1.30
24000
25000 1.46

Breaking weight of Beams LI = 22,730 lbs. 
“ “ “ LII - 23,320 “
“ « “ LI II « 18,COO “
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Tables S and T shew deflections in inches of Canadian New Spruce

Loads in Deflections of Beam LIV.
lbs. 108 ins. 72 ins. 36 ins. Ends. 36 ins. 72 ins. 108 ins.

1,000 .14 .22 .30 .30 .26 .20 .u
1,500 .15 .24 .33 .34 .30 .23 .12
2,000 .17 .28 .37 .38 .34 .25 .16
2,500 .18 .81 .41 .43 .38 .28 .16
3,000 .19 .34 .44 .40 .42 .31 .18
3,500 .21 .36 .48 .61 .45 .34 .19
4,000 .22 .39 .52 .56 .50 .37 .21
4,500 .24 .42 .56 .60 .54 .39 .22
5,000 .25 .45 .60 .64 .57 .42 .24
5,500 .26 .47 .63 .68 .60 .45 .25
0,000 .27 .60 .67 .72 .64 .48 .26
0,500 .29 .53 .71 .76 .67 .60 .28
7,000 .31 .56 .75 .80 .71 .52 .30
7,500 .32 .59 .79 .84 .75 .56 .31
8,000 .34 .61 .82 .88 .79 .60 .328,500 .35 .65 .86 .92 .83 .61 .34
0,000 .37 .67 .90 .97 .H6 .65 .350,500 .38 .70 .94 1.01 .90 .67 .36

10,000 .40 .73 .97 1.05 .94 .39
10,500 .41 76 1.01 1.09 .98 .71 .40
11,000 .43 .79 1.05 1.14 1.02 .72 .41
11,500 .44 .84 1.09 1.17 1.05 .75 .43
12,000 .40 .84 1.13 1.21 1.09 .78 .45
12,500 .48 .87 1.16 1.26 1.14 .82 .46
13,000 .49 .89 1.19 1.29 1.16 .83 .48
13,500 .50 .92 1.23 1.34 1.20 .84 .49
14,000 .51 .95 1.27 1.38 1.24 .50
14,500 .53 .98 1.30 1.42 1.28 .51
15,000 .54 .99 1.32 1.45 1.31 .53
15.500 .65 1.00 1.32 1.46 1.32 .99 .54
16,000 .55 1.00 1.33 1.48 1.34 1.01 .54
16,500 .55 1.01 1.34 1.50 1.35 1.02 .5517,000 .56 1.01 1.34 1.51 1.36 1.03 .56
17,500 .56 1.02 1.35 1.52 1.10 1.05 .57
18,000 .56 1.03 1.35 1.54 1.41 1.06 .58
18,500 .57 1.03 1.36 1.55 1.43 1.07 .59
19,000 .57 1.04 1.36 1.57 1.45 1.09 .60
19,500 .58 1.04 1.36 1.58 1.46 1.11 .60
20,000 .58 1.05 1.37 1.60 1.47 1.12 .61
20,500 .71 1.32 1.52 1.93 1.74 1.30 .70
21,000 .72 1.35 1.80 1.98 1.78 1.33 .71
21,500 .74 1.38 1.85 2.02 1.82 1.36 .73
22,000 .76 1.41 1.90 2.07 1.86 1.38 .75
23,400 2.20
26,200 2.50
27,800 2-75
29,000 2.85
29,900 3.00
30,800 3.15
32,000 3.25
32,500 3.35
33,200 3.70
33,500 3.80
33,800 4.00
34,400 4.10
34,800 4.25
35,600 4.60
36,200 4.60
36,300 4.75
36,600 4.90
36,800 5.00
38,250 .... .... 5.50 .... ....

36,800 lbs.
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TABLE T.

Deflections of Beams LV and LVI.

Loads in 
Him. ,LV. LVI.

80 ins. End. 30 ins. 30 ins. End. 30 ins.

10,000 .05 .09 .05 •i .07 .0
11,000 .00 .10 .06 .a .09 .06
12,000 .07 .10 .005 .12 .10 .06
13,000 .07 .11 .07 .13 .10 .07
14,000 .08 .11 .075 .13 .11 .08
15.000 .08 .12 .08 .135 .12 .09
10,000 .09 .13 .085 .14 .13 .09
17,000 .10 .14 .09 . 145 .14 .095
iR.ooo .10 .15 .095 .15 .15 .10
10,000 .11 .10 .105 .16 .15 .105
20,000 .11 .17 .ii .16 .16 .h
21,000 .12 .17 .12 .17 .17 .115
22,000 .12 .18 .125 .175 .18 .12
23,000 .18 .19 .13 .185 .19 .12
24,000 13 .20 .135 .19 .19 .13
25,000 .14 .21 14 .195 .20 .14
20,000 .15 .22 • 145 .2 .20 .15
27 000 .15 .23 .15 .2 .22 .15
28,000 .10 .24 .10 . .215 .24 .16
20,000 .10 .25 .165 .22 .21 .16
30 000 .17 .20 .17 .225 .25 .17
HI,000 .17 .27 .18 .23 .26 .17
32,000 .19 .28 .185 .235 .27 .18
33,000 .19 .29 .19 .24 .28 .185
84 000 .20 .30 .20 .245 .29 .19
35,000 .20 .31 .205 .255 .29 .20
30,000 .21 .32 .21 .267 .31 20
87,000 .21 .38 .215 .27 .32 .21
88,000 .22 .34 .225 .28 •33 .211
39,000 .22 .35 .23 .28 .34 .225
40,000 .23 .36 .24 .285 .36 .235
41,000 .24 .87 .25 .29 .30 .24
42,000 .25 .38 . 255 .30 .37 . 16
43,000 .25 .39 .26 .31 .39 .255
44,000 .20 .40 .27 .32 .40 .26
45.000 .27 .41 .28 .325 .41 .27
40,000 .27 .42 .29 .335 .42 .28
47,000 .29 .44 .30 .34 .45 .285
4M 000 .29 .45 .305 .35 .46 .30
49,000 .30 .40 .315 .36 .47 .305
50,000 .31 .48 .32 .37 .49 .315
51,000 .31 .50 .3.3 .38 .50 .325
52,000 .... .39 .52 .34
58,000 .40 .55 .35
54.000 .... .41 .56 .36
55,000 .42 .59 .37
$6,000 .... .44 .60 .39

Breaking weight of Beam LV « 73,000 lbs. 
« “ “ LVI = 70,000 •«
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1»blc U and V show deflections of Canadian Spruce Beams which 
have been in service.

TABLE U.

Deflections of Beams LVII to L1X.

11.-. LVII. LVIII. LIX.

15 in*. Emi.< 1.» Ill . 45 ins. Emls 45 inn. At tin

1.000 .01 02 .01 .030 .040 .040
1,500 .02 .05 .025 .050 .065 .056
2 000 .035 .07 .05 .060 .100 .070 .09
2,500 .05 .09 .07 .080 .130 .095a,ooo .00 .h .09 .100 .160 .115
3,500 075 .14 .10 . . 120 .190 .130
4.000 .1 9 .15 .115 .140 .215 .150 .20
4,600 .10 .17 .135 .160 .250 1.0
5,000 .115 .20 .15 .176 .270 .190 .255 500 .13 .22 .105 .200 .300 .205ooo 14 .24 .19 .210 .330 .225 .30
8,600 .Hi .26 .20 .240 .360 .248
7,000 .17 .28 .21 .255 .390 .251 .36
7,500 . 185 .30 .22 .275 .420 .285
8,000 .20 .33 .2.35 .300 . 450 .305 .■Ü
8,500 .21 .35 .25 .315 .475 .320
0,000 .225 .37 .26 ,34i .500 .342
9.500 .255 .39 .275 .360 .535 .362

lO.OOtl .25 .41 29 .75 .570 .380 .5210,500 .205 .44 .30 .400 .590 .400
11.000 .275 .46 .315 .410 .620 .415
11,500 .29 .47 .33 .440 .650 . 440
12,000 .30 .50 .35 .450 .675 .460
12.500 .52 .52 .36 .475 .705 .480
15,000 .335 .54 .37 .500 .745 .50013,500 .36 .55 .39 .510 .515
H.ooo .36 .57 .40 .540 .800 .540
11,500 .37 .60 .415 .560 .840 .55515,000 .39 .62 .43 .575 .860 .58015,500 .40 .65 .45 .600 .900 .620111,000 .415 .67 .40 .615 .920 .63010,500 .435 .69 .47 .640 . 960 .64517,000 .45 .72 .49 .655 .990 .66517,500 .40 .74 .50 1.025
10,000 .475 .76 .62
18,500 .51 .78 .54
19 000 .51 >0 .66 1.12010,500 .525 .8.3 .575
20,000 .55 ,H7 .69 1.18021,000 .92
22,000 97
23,000 1.10
24,000 1.50 1 ! 570
25.000 2.40
20,000
27,000 ........ .......... ........ 2.040 ........

The Breaking weight ol Beam LVII - 25,700 lbs 
“ “ “ LVIII « 27,470 ••
“ “ “ LIX » 21,700 '<
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TABLE V.

Deflections of Beams LX to LXT.

Louis in 
lbs. LX. LXI.

34 ins. At End. 34 ins. 46 ins. At End. 46 ins.

500 .015 .02 .01
1,000 .005 .015 .005 .04 .05 .03
1,500 .005 .045 .015 .06 .09 .06
2,000 .070 .050 .02*1 .085 .14 .07
2,500 .035 .070 .035 .105 .17 .10
3.000 .045 .080 .045 .135 .20 .12
3,500 .065 .loo .055 .150 .24 .15
4,000 .065 .120 .065 180 .290 .170
4,500 .070 .140 .070 .20 .320 .190
5,000 .080 .145 .080 .23 .350 .210
5,500 .095 . 166 .160 .245 .390 .245
6,000 .105 .185 . 105 .265 .430 .260
6,500 .115 .200 .115 .29 .46 .28
7,000 .130 .220 .130 .31 .51 .31
7,500 .140 .240 .145 .34 .54 .335
8,000 . 155 . 255 .155 .36 .67 .355
8,500 .175 .285 .170 .39 .61 .38
9,000 .180 .300 .185 .4! .65 .40
9,500 .190 .320 .196 .435 .70 .43

111,000 .205 .345 .205 . 455 .74 .45
10,500 .220 .365 .220 49 .76 .485
11,000 .230 .380 .230 .61 .79 .60
11,500 .250 .415 .255 .54 .86 .54
12,000 .440 92
13,000 .457 .95
14,000 .510 1.03
15,000 .565 1.08
16,000 .610 1.20
17,000 .690 1.32
18,000
19,000

.750 1.41
.870 I

20,500 .000
Breaking weight of Beam LX * 16,050 lbs. 

'• '• *• LXI « 18,400 '<

COMPRESSIVE STRENGTH.

The experiments to determine the compressive strength of the 
various timbers have been chiefly made with columns cut out of the 
sticks already tested transversely. These columns were, in the first 
place, carefully examined to see that they had suffered no injury. The 
following inferences may be drawn :—

(1) The compressive strength of Douglas Fir and of other soft 
timbers is much less near the heart than at a distance from the heart.
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Attention may be directed to the case of three equal specimens A, B 
and 0 (see photograph page 19), cut out of Beam XIII. The com
pressive strength of C was found to be 7,706 lbs. per square inch as 
compared with 6,653 lbs. per square inch, the compressive strength of 
A. The difference of strength is undoubtedly due to the very much 
larger proportion of soft to hard fibre, or of summer to spring growth 
in C, as compared with the proportion in the case of A. The compres
sive strength of the timber increases with the density of the annual 
rings.

(2) When knots are present in a timber column, the column will 
almost invariably fail at a knot or in consequence of the proximity of a 
knot.

(3) Any imperfection, as, for example, a small hole made by an 
ordinary cant hook, tends to introduce incipient bending, or crippling,

(4) When the failures of average specimens commence by an initial 
bending, the compressive strengths of columns of about 10 to 25 
diameters in length agree very well with the results obtained by Gor
don's formula, the co-efficients of direct compressive strength per square 
inch being 6,000 lbs. for Douglas Fir and 5,000 lbs. for White Pine.

Gordon’s formula, however, is not at all applicable in the case of 
specially good or bad specimens. It is often found that a very clear, 
sound specimen, of even more than 20 diameters in length, will show no 
signs of bending, but will suddenly fail by crippling under a load as great 
as that sufficient to crush a shorter specimen,

(5) The greatest care should be observed in avoiding obliqueness of 
grain in columns, as the effective bearing area, and therefore also the 
strength, are considerably diminished.

(6) If the end bearings are not perfectly flat and parallel, the 
columns will in all probability fail by bending concave to the longest 
side.

(7) The average strength per square inch, independent of the ratio
of length to diameter, is :

5974 lbs. for New Douglas Fir
6265 “ for Old “ «
4067 “ for New Red Pine
3843 “ for New White Pine
2772 “ for Old •< «
3617 “ for New Spruce (B.C.)
5136 “ Old Spruce

It should be pointed out that none of the old Douglas Fir columns
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exceeded 4.4 diameters in length, while the great majority of the new 
Douglas Fir columns were from 4 to 25 diameters in length. This 
explains the reason of the greater average compressive strength of the 
old Douglas Fir. A similar rent irk applies to the New and Old Spruce.

Table giving in detajl the results of the experiments on the different 
specimens :—

RESULTS OF COMPRESSION TESTS ON

NEW DOUGLAS FIR.

Dimensions in ins.
Lengths.

3.07 X 3.08 X 3.11
3.0B x 3.03 X 3.10
2.63 X 3.63 X 5.81

3.65 X 3.05 X 6.12

2.19 X 3.74 X 5.40

4.10 X 4.30 X 8.05

2.15 X 2 25 X 9.2

2.17 X 2.25 X 9.14

2.12 X 2.16 X 9.15

S|.s-

\ = vIn
6367
5760
4923

Âé
.SjS

30.3

3678 29.8

4761 38.4

5218 32.9

5809 38.8

7313 35.1

7294 38.7

Remarks.

Failed by bulging.
Failed by folding. 

Specimen 3 ins. or 4 ins. 
from heart ; grain 
straight; one small knot 
on high edge. Failed by 
cripplingatknot on high 
etw.

Heart piece ; grain 
straight but seasoned ; 
annual rings very wide; 
two knots, one on high 
edge. Failed at this lat
ter by crippling.

Straight grained ; one 
large knot from side to 
side; specimen 3 ins. or 
4 ins. away from centre. 
Failed at knot.

Large knot on one end ; 
many small knots all 
through piece ; also 
heavy sea«on cracks. 
Failed by bursting along 
season cracks ana 
through knots.

All clear. Failed by 
crippling.

Sound, clear and 
straight grained ; small 
deficiency on one side at 
end. Failed by crip- 
pling.

Straight grained; clear 
on three sides ; 4th side 
old, with bad defect 4 
ins. from one end. 
Bulged and failed at 
defect.
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2.22 X 2.22 X 9.07 8177 37.5

2.13 X 2.20 X 9.15 6850 36.5

3.32 X 3.32 X 9.62 3810 29.5

3.33 X 3.34 X 10.58 4388 33.0

3.45 X 3 60 X 10.60 7000 32.6

2.74 X 4.27 X 11.26 6837 35.3

2.85 X 4.25 X 11 27 5615 30.0

3.94 X 3.95 X 11.97 7069 33.8

2.72 X 2.92 X 11.85 8942 40.0

3.46 X 3.4* X 12.04 5481 30.4

4.(5 x 4.10 X 12.01 5542 35.1

Straight grained and 
clear ; one bad season 
crack. Failed by crip
pling.

Straight grained; 
small knot near one 
corner 3 ins. from end. 
Failed at this knot.

Heart piece ; straight 
grained ; two heavy sea
son cracks ; three or four 
pin knots. Failed by 
bulging o n season 
cracks ; and crippling 
through two pin knots 
on same side.

Clear ; straight grain
ed. Failed on high side. 
Specimen 3 ins. or 4 ins. 
from heart.

Clear and st r a i g h t 
grain ; somewhat sha
ken ; crippled 6 ins. from 
end.

Clear and straight 
grained ; sonn season 
cracks; failed by crip
pling directly across 
about 1$ ins. from one 
end.

Clear and straight 
grained, but season 
cracks along annual 
rings, and one heavy 
season crack along 
medullary rays. Failed 
first by bursting apart 
of piece at a season 
crack, then by crippling 
of the remainder.

Clear straight grain ; 
season crack on one side. 
Failed by crippling at 
middle on the highest 
edge.

Clear and straight 
grain ; shaken over 8 ins. 
crippled 4 ins. from end.

Two sets of knots, one 
at one end, the other at 
centre. Failed at both 
by crippling, at same 
time.

Knots (heavy) on one. 
end ; also several near 
other end ; grain curved 
at various places due to 
knots. Grain bent at 
knot at end.



156 The Strength of Canadian Douglas Fir,

2.85 X 3.75 X 12.5 «155

2.92 X 3.79 x 12.5 5966

2.9 X 4 37 X 12.0 6265

2.79 X 3.43 X 12.0 6363

2.92 X 4.42 X 12.0 5262

2.87 X 3.39 X 12.0 6784

2.93 X 3 42 X 12.03 5520

2.80 X 4.40 X 12.0 5060

2.78 X 4.38 X 12.0 6500

2.^2 X 3.48 X 12.02 6010

3.3 X 3.98 X 12.0 5560

38.3 All clear. Failed by
crippling.

39.3 All clear. Failed by
crippling.

35.5 One old aide ; grain
straight and parallel ; \ 
one side inclined 1 in. in 
12 ins.; on other side, 
two season cracks. 
Failed by crippling.

35.7 One old side; grain
straight and nearly 
parallel ; no seasoning 
cracks. Failed by 
crippling.

34.2 One old side ; grain
straight and parallel ; 
u.ie season crock. 
Failed by crippling.

35.1 Two old sides ; grain 
nearly parallel ; no sea
son cracks. Failed by 
crippling.

33.9 Clear and straight 
grained ; one old side 
with deep seasoning 
cracks ; a slight crack 
through centre of piece. 
Crippled 4 ins. from end, 
and bulged along season 
crack.

36.4 Straight grained ; one 
old side with many sea
son cracks. Failed by 
splitting down season 
cracks and afterwards 
crippling.

35.5 Straight grained and 
clear ; one old side with 
season crack nearly 
across piece. Crippled 
3 ins. from one end.

35.9 Grain straight ; two 
old sides ; piece sound, 
no flaws. Crippled near 
one end.

34.2 Grain straight and 
clear, except small pin 
knot on a corner 4 ins. 
from end ; had two bad 
season cracks the whole 
length. Crippled 4 ins, 
from end induced by 
season cracks $ also 
bulged out.
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3.38 X 3 43 x 13.53 6816

2.20 X 2.21 X 13.78 5638

3.38 X 3.45 X 13.90 6861

4.03 in diar. X 48.01 5856

2.84 X 4.23 X 13 12 582-i

4.10 X 4.45 X 14.47 7188

2 70 X 2.90 X 15.96 8365

2.16 X 2.20 x 16.29 6442

4.08 in (liar. X 24.12 6505

2.70 X 4.20 X 10.45 6349

34.7 Clear ; grain bent out 
of straight at one end, 
due to proximity of knot, 
also somewhat shaken. 
Failed by bursting along 
fibres out of parallel.

34.3 Grain out of parallel 
for 1 in in length ; knot 
on one corner of end. 
Burst along shaken 
fibres out of parallel.

33.8 Straight grained, ex
cept one-half of a knot on 
one end. Failed by crip
pling near knot at end.

31.3 Grain parallel, no 
knots ; two small cracks 
and a small split ; 
annual rings nearly 
straight. Failed b y 
bending concave to a 
high corner.

31.5 Straight grained; 
small pin knot 3 ins. 
from one end ; season 
cracks from end to end 
through middle, passing 
through knot. Failure 
by opening of season 
cracks, and crippling 
through knot.

39.1 Clear ; grain out of
parallel. Failed by crip
pling and shearing of 
unsupported fibres.

39.5 Clear, straight grain
shaken over a length of 
11 ins. Crippled 6 ins. 
from end.

36.0 Clear, not straight
grain; somewhat 
shaken ; sheared along 
shake in grain which 
being cut off parallel had 
no liottom support.

31.8 Clear and straight
grained. Failed by 
crippling 10 ins. from 
end.

30.8 Straight grained ; sea
son cracks on one side ; 
several small pin knots. 
Failed by crippling 2 
ins. from one end 
through one of the pin 
k nots.
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1

2.38 X 3.58 X 18.74 7143

1 73 X 5.98 X 17.73 4209

17 X 2.25 X 17.42 7700

3.11 X 4 00 X 17.49 4702

3.12 X 4.03 X 17.70 4217

1.75 X 5 82 X 17.79 5135

3.95 X 5.81 X 17.80 8432

3.95 X 5.92 X 17.82 5359

4.97 X 4 95 X 17.83 4504

1.71 X 5.95 X 17.84 5464

33.0 Straight grain ; Feme
email pin knots. Crip
pled through the largest 
one at centre. k

gg >j Grain parallel knot 
on edge 4 ins. from end ; 
also bad season crack 
and small deficiency in 
one corner for 6 ins. 
from one end. Burs 
at knot and split along 
season crack.

« g Clear,Ptraightgrained.
Failed by bending and 
crippling 3 ins. from end.

33.2 Two heavy knots at 
centre, one running from 
side to side through cen
tre ; grain crooked and 
not parallel. Failed by 
grain shearing and burst
ing through knot at 
centre.

34.2 One heavy knot at 
centre running from cor
ner tocorner, other smal
ler knots ; grain crooked 
and out of parallel. Crip
pled at knot at centre.

37.8 Grain straight and 
sound ; season cracks in 
centre. Failed by crip
pling at both ends and 
also by bending, which 
probably first caused 
failure.

39.1 Grain clear and
straight, but not parai 
lei ; slight season 
cracks Failed by crip
ple across4 ins.from one 
end.

38.0 Grain clear and
straight; some season 
cracks. Crippled 6 ins. 
from end.

37.9 Grain straight and
parallel ; bad knot 7 
ms. from end passing 
through piece. Failed 
bv bursting at knot and 
along gram.

36.0 Grain parallel and
clear ; bad season crack 
through heart. Failed 
by bending at centre. 
Crippled on concave 
side.
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1.79 X 6.00 X 17.85

3 95 X 5.95 X 17.89

4.08 X 4.45 X 19.68

3.02 X 4.01 X 19.97

3 85 X 3.91 X 24.05

4.35 X 4.85 X 29.75

2.20 X 2.24 X 21.05

2 92 X 3.30 X 24.27

2.60 X 3.23 X 25.4

2.27 X 2.28 X 23.46

4.20 X 4.0» X 27.88

6034 36.3 Grain straight and
clear ; had season cracks; 
also chip out on a cor
ner 4 ins. from one end. 
Failed at sound end by 
crippling and by open
ing of season crack.

6225 38.9 Clear a n d straight
grained; slight season 
checks. Crippled 3 ins. 
from one end.

6437 36.7 Clear, but badly out of
parallel. Failed by burst
ing along fibres out 
of parallel.

3240 30.8 Two heavy knots at
centre, one also at one 
end, several other smaller 
ones. Failed by bursting 
down centre through 
knots.

5382 35.2 Grain straight ; two
knots on adjacent sides, 
one at 8 ins. from each 
end ; season cracks run
ning diagonally at one 
end. Failed by crip
pling at large knot.

3630 28.0 Failed by shearing and 
crippling; grain clear, 
but not quite parallel.

(424 35.0 Clear, and straight 
grained ; tested before as 
pillar. Failed by bend
ing 4 ins. from end.

4606 34.6 Straight grain ; knot 
6 ins. from end passing 
through a corner. Crip
pled at knot.

4416 34.7 Straight grain ; large 
knot 4 ins. from end on 
an edge. Failed by crip
pling at knot.

4363 36.91 Straight grained ; clear 
except part of knot on 
one end. Failed by crip
pling at knot.

2622 32.4 Heart ; grain 24 ins.
out of straight ; heavy 
season cracks ; two large 
knots. Failed by bulg
ing along season crack 
and at knots 14 ins. 
from end.
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4.05 X 4.20 X 24.70 5026 33.9

2.61 X 2.65 X 24.42 6237 36.0

2.65 X 2.66 X 26.24 6865 36.4

2.00 X 2.01 X 27.40 6841 34.5

2.88 X 2.95 X 23.91 8106 38.8

2.87 X 2 93 X 25.00 6600 35.5

2.88 X 2.90 X 24.40 7856 36 4

2.67 X 2.90 X 24.55 8065 38.0

2.90 X 2.95 X 25.70 8023 36.3

2.78 X 2.87 X 25.95 9700 40.9

Tested before as pillar, 
failed then at 67,200 lbs. 
This portion had straight 
grain ; two knots close 
together 8 ins. from one 
end going through piece. 
Failed by crippling at 
these knots.

Straight grain ; sea
son crack across end 
running half the length 
of the piece ; knot 3 ms. 
from other end J in. in 
diameter. Crippled at 
the knot.

Straight grained and 
clear ; season crack run
ning down about 8 ins. 
Crippled clean across 
at foot of season 
crack, apparently not in
duced by seasoning.

Clear and straight 
grain ; heavy season 
crack. Burst from end 
to end on season crack.

Clear, straight grained. 
Crippled 8 ins. from one 
end.

Clee.r, nearly straight 
grained ; slight season 
crack. Failed by a 
bulging on season crack 
and afterwards crippled 
on i educed section at 
centre.

Clear, straight grained. 
Failed by direct cripp'g.

Clear and straight 
grained. Failed by di
rect crippling 8 ins. from 
end.

Clear and straight 
grained. Failed by di
rect crippling 15 ins. 
from enu.

Deficiency near centre, 
about $ in. by 1 in. 
(resin) ; fibre "crooked 
through vicinity of 
knot; otherwise clear 
and straight grained. 
Failed at crooked fibres 
at deficiency.
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2.8!) x 2.90 X 26.69 8269

2.8: X 2.97 X 26.15 9104

4 77 X 5.82 X 20.15 7700
4 77 X 4.68 X 22.32 8411

4.70 X 5.85 X 25.78 0653

2.27 X 2.27 X 31.0 3823

3.38 X 4.33 X 32.20 6425

3.39 X 4.42 X ::0.90 5935

3.38 X 4.42 X 32.32 6111

3.37 X 4.38 x 32.5 5420

3.35 X 4.36 X 31.55 6486

3.41 X 4 45 X 32.4 5880

3.27 X 3.42 X 31.75 5760

2.65 X 2.86 X 30.65 *047

2.67 X -.88 X 31.83 7607

Clear and straight 
g'ained ; failed by com
pression of fibres on a 
corner.

Very heavy summer 
rings ; clear ;* fibres bent 
12 ins. from one end at 
one side due to vicinity 
of a knot. Failed at 
crooked fibres.

Did not fail.
Same as preceding 

with piece cut off ; clear 
and straight grain.

Straight grained ; one 
knot from side to side at 
centre. Failed by crip
pling and bulging at 
knot.

Grain not straight ; 
one pin knot ; also knot 
on one edge 12 ins. from 
end. Failed by bending 
at knot on high corner.

Clear, straight grain
ed. Cripplea 1 ft. from 
end.

Clear, straight grain
ed ; external fibre burst ; 
then crippled near cen
tre.

Clear, straight grain
ed ; burst, then crippled 
at centre.

Clear,straight grained; 
season crack on one 
side ; small season crack 
across end. Crippled 
near end.

Clear and straight 
grained. Crippled near 
end.

Clear and straight 
grained. Crippled near 
end.

Straight grained ; knot 
4;in diar., from side to 
aide. Failed by crippling 
at this knot 8 ins. from 
one end.

Clear, straight grain
ed. Failed by crippling 
8 ins. from one end.

35.3 Clear straight grain
ed. Failed by crippling 
and bending at same in
stant at centre.

33.4

40.2

36.5

29.2

37.2

413

37.8

43.3

38.9

43.1

37.0

33.5

36.3
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3.28 X 3.45 X 33.81 6940 35.7

2.75 X 2.82 X 30.47 5480 33.0

2.90 X 2.90 X 29.35 6183 32.7

2.75 X 2.88 X 31.50 6871 36.4

2.17 X 2.18 X 30.00 6174 35.0

2.73 X 2.83 X 28.74 8124 34.8

4.69 X 5.84 X 28.10 6677 31.1

4.17 X 5.00 X 33.70 4839 32.3

4.30 X 501 X 32.72 5566 36.7

3.95 X 4.33 X 32.28 4479 30.1

3.98 X 4.10 X 28.65 5735 34;3

Clear, and straight 
grained. Failed by bend
ing 10 ins. from one end.

Nearly straight grain
ed ; various small knots, 
one larger knot | in. diar.
3 ins. from one end. 
Failed by crippling at 
this knot ; also some
what sea-oned at heart.

Straight grained ; va
rious small knots, one 
iarger knot f in. diar. 9 
ins. from end. Failed 
by crippling at this knot.

Straight grained ; knot 
| in. diar. 12 ins. from 
end. Crippled at the 
knot.

Straight grained, clear 
but for one knot 10 ins. 
from end $ in. in diar. 
Crippled at this knot.

Clear and straight 
grained. Failed by a 
thin layer bursting out, 
and then a clean cripple 
8 ins. from same end.

Clear and straight 
grained ; crippled 8 ms. 
from end.

Straight grained, but 
heavy knot near end and 
very* heavy knot near 
centre. Crippled at latter 
knot.

Straight grained, but 
heavy knot u i side near 
centre ; also heavy knot 
8 ins. from end one side. 
Failed at the latter knot.

A great many knots 
on each end and at 
various other points. 
Failed at a large knot 
12 ins. from an end. 
Also heavy season 
cracks.

One old side badly 
seasoned and injured by 
usage ; also knots near 
eacn end ; also a small 
pin knot near centre at 
which piece failed by 
crippling and bursting of 
fibres.
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3.03 X 4.30 X 31.95 5124

4.11 X 4.02 X 31.85 7309

4.22 X 4.92 X 30.84 7167

2.33 X 2.84 X 28.00 6496

2.27 X 2.27 X 33.75 5708

3.90 X 4.18 X 3525 5015

4.20 X 4.50 X 38.00 5905

3.33 X 3.40 X 33.56 7615

3.30 X 3.38 X 33.64 7444

3.35 X 3.40 X 33.50 5338

3.30 X 3.40 X 33.55 5909

3.30 X 4.00 X 33.50 5416

3.30 X 4.00 X 33.50 5023

4.25 X 5.75 X 35 5729
4 25 X 6.87 X 41.75 4090

4 X 4 X 48 4469

32.6 Heavy knots near 
centre. Crippled at 
knots.

35.1 Clear and straight 
grained, except slight 
wave l ft. from end due 
to vicinity of knot. 
Failed at this point by 
direct crippling.

39.2 Clear and straight 
grained. Crippled 8 ins. 
from end.

31.7 Clear and straight 
grained. Failed by bend
ing 10 ins. from end.

36.0 Clear and straight 
grained. Failed by bend
ing ; short specimen 
failed at 30,000 lbs.

36.6 Several knots ; crip
pled atone running from 
corner to corner 12 ins. 
from one end.

35.6 Grain out of parallel ; 
clear. Failed by burst
ing and shearing along 
season cracks.

33.6 Clear, straight grain. 
Crippled near one end.

35.6 Clear and straight 
grained. Failed by crip
pling 6 ins. from end.

35.4 Large knot passing 
through centre side to 
side ; piece split end to 
end through this knot.

35.6 Knot near centre, also 
two small pin knots near 
end. Crippled through 
pin knots.

35.2 Large knot near cen
tre passing from side to 
side. Split from end to 
end through knot.

32.8 Large mass of knots 
near middle. Crippled 
at these.

32.75 Grain parallel ; knot 
at centre at corner ; other 
knots near end ; centre 
of tree 12 ins. away. 
Bent at centre at knots 
concave to a high corner.
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2.86 X 4.06 X 40.02

4.10 X 4.24 X 41.83

4.25 X 4.25 X 54.95

1.99 X 2.64 X 52.62
4.26 X 4 33 X 60.0

4.09 X 4.31 X 69.0

4.18 X 4.22 X 59.75

2.46 X 2.51 X 60.5

6330 38.1 Straight grain ; small 
knot 14 ins. from end. 
Failed by bending in 
m iddle.

3866 36.3 Straight grain ; three
knots. Crippled at knot 
12 ins. from end ; no
bending.

3389 34.6 Straight grain ; many 
knots. Burst in two

5105 34.3

opposite directions at 
knots 11 ins. from one 
end and 12 ins. from 
other end.

Straight grain ; clear ;

3980 35.5

3211 34.4

3190 35.4

Straight grain ; failed 
by crippling at knot 
passing through corner 
13 ins. from end and 
1-16 in. out of square ; 
no appreciable effect.

Straight grain ; three 
or four knots ; season 
crack on one side. Crip
pled at knot 20 ins. from 
end and season crack 
opening.

Four knots, two each 
18 ins. from ends, seve
ral other small knots ; 
grain not straight ; large 
season crack. Failed by 
shearing and bursting 
open at season crack 
across annular rings.

4619 34.5 Straight grain ; seve
ral knots. Failed by 
crippling at knot 12 ins. 
from end.

1
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RESULTS OF COMPRESSION TESTS ON

OLD DOUGLAS FIR.

Dimension in ins.
Lengths.

a5i
•3.2 rIn

Je
Remarks.

2.21 X 2.23 X 9.15 8644

345 X 2.78 X 9.65 6465

3.41 X 2.78 X 9.65 7247

341 X 2.80 X 9.70 5696

3.38 X 2.78 X 9.66 6979

2.76 X 3.76 X 9.64 7235

2.83 X 3.81 X 9.75 6577

4.15 X 4.64 X 11.32 6660

4 35 X 4.67 X 11.96 7900

35.9 Grain straight and
clear ; one old side with 
•MSOtt crack. Bulged 
along season crack, and 
crippled.

32.5 All fresh sides j
straight and parallel 
grain ; one edge strained 
from bolt. Crippled all 
over.

35.4 One old side ; grain
straight and parallel. 
Crippled near one end.

33.2 All fresh sides $ grain
straight and parallel ; 
one edge strained from 
bolt; 1 in. season crack. 
Crippled one-fourth the 
way down, slightly help
ed by season crack.

34.5 One old side ; grain
straight and parallel. 
Crippled * at one end, 
slightly aided by season 
crack.

35.6 One old side ; iron 
stain at one end ; season 
crack ; grain straight 
and parallel. Crippled 
at 3 ins. from end.

32.9 One old side ; grain
straight and parallel. 
Crippled near centre.

35.70 Knot 5 ins. from end;
next face, knots 1J ins. 
and 4 ins. from same 
end : small pin knot and 
season crack on third 
side. Crippled through 
knots.

47.25 Clear and straight ;
very full of resin ; some 
season cracks ; crippled 
at one end.

L
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3 4u X 3.4V X 12,00 5085

3.45 X 3.45 X 12.00 5218

3.45 X 3 47 X 12.0 3838

M5 X 3.47 X 12.0 4928

3.45 X 3 45 X 12.0 5461

2 00 X 2.92 X 12.0 5314

3.41 X 3.48 X 12.0 5308

3.42 X 3.47 X 12.0 4011

3.42 X 3.45 X 12.0 4814

3.45 X 3.46 X 12.0 5053

31,7 Grain straight, lim
slightly curly ; three 
fresh sides ; old side 
crushed by tie ; slightly 
rotten under tie ; crip 
pled at small defect near 
one end.

30.88 Grain parallel ; crush
ed and rotten for a depth 
of £ in. under tie ; two 
adjacent sides new. 
Crippled at rotten part 
near one end.

35.0 Grain parallel, but
crooked ; knot near cor
ner 4J ins. from end, H 
ins. diar., knot extended 
into piece. ‘Crippled 
through knot.

38.7 Grain parallel ; three
fresh sides ; If ins. knot 
passing through corner 
5 ins. from end. Crip
pled near one end and 
split along grain adja
cent to knot.

33.3 Grain parallel ; two
adjacent fresh sides ; 
season crack on one old 
side. Crippled near one 
end and split slightly 
along season crack.

34.0 Grain parallel; three
fresh sides ; small sea
son crack. Crippled 
near one end.

31.9 Grain parallel ; three
fresh sides ; knot hole 
on one corner 3$ ins.
long, 0.8 in. deep; also 
season cracks. Failed 
by opening of season 
cracks.

30.0 Grain parallel ; three
fresh sides ; old side 
slightly damaged ; also 
cant hook holes. Crip-
^near centre at cant 

holes.
32.0 Grain parallel ; two

fresh sides ; slightly 
rotten at one end on old 
side. Crippled at the 
rotten point.

30.5 Straight grain ; all
fresh sides ; shows signs 
of failure ; crack at end. 
Crippled near one end.
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2.88 X 2 87 X 12.0 6109 33.2 Grain sound and pa-r*rallei ; three fresh sides, 
near one end.

3 44 X 3 46 X 12.0 5703 33.6
adjacent fresh sides ; 
season cracks ; small 
cant hook hole 2 ins. 
from end close to corner ; 
slightly rotten. Crip
pled at cant hook mark.

Grain parallel ; three 
fresh sides ; small sea
son crack on one side. 
Crippled at one end ;
season crack opened.

6611 32.7 Parallel grain ; four2.82 X 3.40 X 12.05
fresh sides. Crippled 
near one end.

2.77 X 3.36 X 12.0 7519 35.3 Parallel grain t one
old side ; saw cut and 
season crack. Crippled 
near one end.

2.80 X 3.40 X 12.03 6813 32.5 All fresh sides; grain
straight and parallel ; 1 
in. season crack. Split 
along season crack.

2.79 X 3.35 X 12.03 6845 34.6 One old side; season
cracks ; grain straight 
and parallel. Split along 
season crack.

2.79 X 3.91 X 12.03 7149 34.6 One old side; grain
straight and parallel. 
Crippled at one end.

2.78 X 3.73 X 12.04 7348 35.5 ine old side; grainOne
straight and parallel ; 
season cracks 1 in. deep.

old side ; grain2.77 X 3.86 X 12.06 7390 33.5
straight and parallel. 
Crippled near centre at 
a small defect.

2.80 X 3.80 X 12.06 7481 3-1.1 One old side ; grain
straight and parallel.

One old side ; grain2.78 X 3.88 X 12.0 7090 34.2
straight and parallel.

One old side ; grain 
straight and parallel.

ai o ms. iront
3.27 X 3 95 X 12.0 5540 33.45 "orain straight and

clear, except small pin 
knot hole 3 ins. from 
end; piece shivered by 
season cracks. Faileil 
by piece splitting off. It 
then crippled at knot 3 
ins. from one end.



168

'

The Strength of Canadian Douglas Fir,

3.28 X 3.96 X 12. 5510

3.32 X 4.04 X 12.0 4825

3.31 X 4.02 X 12.04 5675

3.33 X 4.0 X 12 0 4165

3 30 X 4.0 X 12.0 6300

3.28 X 4.02 X 12 03 5510

4.18 X 4 63 X 12.22 5200

4.35 X 4.65 X 14.15 6735

32.9 Grain straight ; email 
pin knot on a corner 
near centre ; very heavy 
season crack on old side. 
Burst along season 
crack ; also crippled 4 
ins. from one end.

9ft ft ft Grain straight ; pin
40.00 knot on corner near cen

tre ; heart decayed ; also 
one season crack. Crip
pled at pin knot.

qooe Grain straight ; small 
D pin knot 1J ins.from end ; 

two bad season cracks. 
Crippled square across 
near each end.

no nr. Grain not quite
' ' straight; knot at corner 

2 ins. from end ; defi
ciency of heart all along 
one edge. Crippled at 
knot.

oq RR Straight grain ; knot
on corner 1J ins. from 
end ; large deficiency on 
opposite corner at other 
end ; another deficiency 
and nail gouge at centre 
of same edge ; also one 
season crack. Crippled 
at knots.

32.70 Straight grain ; knot
on corner lj ins. from 
end ; also season cracks. 
Crippled 4 ins. from end.

35.3 Knots 3 ins. and 6 ins. 
from end on same side ; 
also small knot on next 
face 1 in. from same end ; 
also part of large knot on 
other end. Failed lon
gitudinally through two 
knots ; upper 2nd was 
not horizontal, not more 
than 5-6 the of the area 
beat ing.

36.95 Two knots 2 ins. and 
6 ins. from end on same 
side ; also knot on next 
face 3 ins. from same 
end and two knots on 
other end ; on third and 
fourth faces, knots 1 $ 
ins. and 4 ins. from first 
end. Crippled at knot 
3 ins. from end:
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4.25 X 4 6.i X 14.80 7085

4.39 X 4.70 X 14.78 6500

4 14 X 4 65 X 14.80 6730

4.25 X 4.66 X 14.78 6020

4.16 X 4.60 X 14.50 7410

4.28 X 4.70 X 14.78 7490

4.17 X 4.70 X 14.78 6400

4.35 X 4.74 X 14.80 6310

36.6 Two knots passing 
through from face to 
next face ; one 3 in8.from 
end ; the other 7 ins.from 
same end ; deficiency 
I in. x ljin. on opposite 
edge. Crippled through 
knot 7 ins. from end.

45.70 Full of resin ; part of
large knot on one end ; 
season crack on one face ; 
shaken on a corner. 
Crippled in solid wood 
(in resin part) 4 ins. from 
end.

41.0 Patch of resin through
centre; knot on one cor
ner 6 ins. from end ; 
slight season cracks ; 
slight deficiency on one 
corner. Crippled through 
knot,

37.4 One medium knot 1
in. from end ; also many 
small knots on same 
face ; on next face,knots 
at 6 ins. and 1 in. 
from same end. Failed 
through knots at the 
centre.

35.7 Part of large knot on 
one end ; one side cover
ed with small knots ; 
otherwise sound speci
men. Failed at large 
knot at end.

36.2 Grain parallel ; one
medium knot 5 ins. from 
end ; also two small 
knots 1 in. from same 
end and on same side ; 
also heart shake. Failed 
at centre by crippling 
through small knot.

34.0 Grain parallel ; mass
of knots at one end ; also
badly seasoned in resin
ous portion. Crippled 
at knotty end.

47.0 Grain parallel ; large
knot near one end ; bad 
season cracks in resin
ous portion. Crippled 
at large knot.
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4‘27 X 4 07 X 14.SU 7310

4.14 X 1 57 X 1 » 75 0900

4.32 X 4 70 X 14 Ml 5970

4 14 X 44 0 X It.*0 0580

4.00 x 4.05 X 14 85 0500

37.2 Grain straight a n d 
sound, but one large 
knot on end ; also one 
knot on an edge 3 ins. 
front end ; one knot 5 
ins. from other end on 
same edge ; slight season 
cracks. Failed at the 
two last knots.

35.45 Knots in each end ;
otherwise clear ; two 
old sides badly shaken. 
Crippled and burst at 
knot at one end.

38.05 Groups of small knots
about 3 ins. from each 
end ; also full of resin. 
Crippled at each end 
through knots.

35.05 Groups of small knots
about 4 ins. from each 
end ; also bad season 
cracks. Crippled 
through one group of 
knots.

43.70 Large knot at one end ;
two knots 6 ins. from 
other end ; lull of resin ; 
dense and heavy ; one 
season crack. Crippled 
through both knots 5 
ins. from end.

HK8II.T8 OF C0MPRE8SIVE TESTS ON

RED VINE.

Dimensior.il 
in indies.

Lengths
in

6J fc
J* -5 —

f'gi.S

W
ei

gh
t 

lb
s per

 
b.

 ft
. Remarks.

1*6 t B -•5 v
4 Vii in rliii. X 5.9 2497 Failed at knots 2i> ins 

from end ; also at an
other ring of knots 3 ins. 
from same end ; nine
teen knots in length.

4.97 in ilii. X 5.8 2712
2.98 X 5.86 2722
3.00 X 5.9 2631

2.95 in .lin. X 5.05 6870 One knot near one end
Failed by crippling 
aliove knot.

2.88 m di.. X 5.09 7057 Clear. Crippled G ins 
from one end.
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4.81 in diain X 13.75 5092 Clear grain. Failed by 

spreading at bottom.
3 88 X 135 7602 39.9 Nearly straight grain ; 

knot 6 ins. from end 
passing nearly through 
centre. Failed at the 
knot by crippling.

:<mi X 13.31 6438 35.8 Straight grained: knot 
on one end. Failed by 
crippling at knot about 
1 in. from end all around

4.02 “ X 18.75 4657 Clear wood ; straight 
grained ; «prend at end, 
due to curvature of fibre 
in locality of a knot.

3.90 •« X 18.20 7222 36.7 Clear and straight 
grained. Failed 6 ins. 
from end by folding.

3.00 “ X 22.(11 8516 43.2 Grain parallel ; one 
knot 10 ins. from end. 
Failed through knot by 
crippling.

4.01 «• X 22.73 5637 28.7 Four knots at 8 ins.
4.3 X 22.8 5983 26.7 from one end. Failed by 

crippling at knots.
3.93 “ X 20.2 7914 38.1 Grain parallel ; two

knots, one large knot 10 
ins. from one end. Fail
ed by crippling at this 
knot.

6.93 X 36.12 2698 Failed by crushing at 
knot, 4 ins. from end. 
Fourteen knots in 
length.

7.02 X 36.12 2087 Failed at knot 8$ ins. 
from end ; ten knots in 
length.

7.01 “ X 36.12 2024 Failed at ring of knots 
7 ins. from end ; fifteen 
knots in length.

3.97 X 3.10 3287 Crushed and failed at 
' not ; straight grain ; 
fairly free from knots.

4.10 « X 3.10 2825 Failed by crushing 
and bending. Straight 
grain ; crack down 
length.

4.04 “ X 3.10 3482
4.03 « X 3.10 4247
3.98 “ X 3.10 3223
3.96 '• X 3.10 4001
4 75 X 4.75 X 60. 3104



172 The Strength of Canadian Douglas Fir,

3.97 in diam. X 09. 2585

4.08 « X 69. 2593

4.02 X 69 3162

3.91 “ X 69 3280

4.03 •• X 09 3158

3.90 “ X 69 3734

4.94 X 00.25 2386

4.92 “ X 00.25 2513

2.90 « X 60 1977

3.00 « X 00.25 2433

.985 Not well seasoned. 
Failed by crushing and 
bending at a large knot 
31 ins. from end ; also 
at 1 in. from end and 4£ 
ins. from other end ; 
straight grained ; six 
knots in whole length.

Failed at ring of knots 
four in numberby crush
ing and bending at 24 
ins. from end ; also at 2 
ins. from same end ; 
fourteen knots in whole 
length.

Failed by crushing t 
straight grained ; failed 
at two small knots 27 
ins. from end and also 
at 16 ins. from same end ; 
large knots 39 ins. front 
same end , ten knots in 
length.

Failed by crushing 16 
ins. from one end at a 
knot. Twelve knots in 
whole length.

Failed chiefly by 
crushing 12 ins. front 
one end; four knots in 
length.

Failed at knot 24 ins. 
from end ; six knots in 
length ; also crippled 1 
inch from same end.

Failed at knots 26 ins. 
from end ; also at an
other ring of knots 3 ins. 
from same end ; nine
teen knots in length-

Failed at ring of knots 
36 ins. from end ; six
teen knots in length.

Failed by crushing 
and bending at large 
knot 28 ins- from end. 
eight knots in length.

Failed by crushing at 
knots 5 ins. from end. 
Four knots in whole 
length.
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RESULTS OP COMPRESSIVE TESTS ON

NEW WHITE PINE.

Dimensions Lengths Ï
ah
M ."S

- .«

in inches inches. | gJB.S

o “.£ ?
4.187 X 2.14 X 2.31 3810
4 68'rx 2.312X 2.44 2955
4.81-IX 2.311ix 2.44 4248
3.0 X 2.94 X 2.98 5352 24.4
4.75 X 4.75 X 3 3821
4.8 X 4 8 X 4.6 3515
4.75 X 4.75 X 4.0 4387
4.75 X 4.80 X 4.53 3280
4.75 X 4.44 X 4.50 3449
4.75 X 4.78 X 4.30 4361
4.75 X 4.75 X 4.37 4433
4.75 X 4.75 X 440 4363
4.75 X 4 70 X 4.50 344!)
4.75 X 4 80 X 4.53 3193
4.76 X 4 75 X 4.37 3972
4.75 X 4.75 X 5. 3548
4.75 X 4 76 X 10.375 2826 30.3

3.01 ill iliaiu. X 11.36 4382 26.7

4.75 X 11.125 3500 21.60

4.75 X 11.875 5527 27.50

4 812 “ X 12 25 3990 23.80

3.00 “ X 12.80 3762 29.4

4.75 X 4.75 X 12,156 5383 26.5

2.98 X 2.98 X 12.0 5574 29.4

4.74 in dinm. X 13.12 2774

Remarks.

Grain clear but not 
straight. Cracked down 
one side-

Clear and straight. 
Failed by folding near 
one end.

Clear grained, but not 
straight. Failed by fold
ing over at top.

Clear specimen ; deep 
season cracks across an
nual rings. Failed by 
crippling.

Two large knots- Fail
ed between them.

Two heavy knots 2 
ins. from end. Failed by 
crippling at the knots

Clear specimen, ('rip
pled without bulging or 
cracking.

Clear and straight 
grained. Failed by crip
pling.

Ring of four knots t> 
ins. from one end. Failed 
by crippling at knots.
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4 71 in diam. X 14,562 3400 21.6 One knot ami al*o 
signs of decav. Failed 
by crippling at the knot-

2.625X 3.61,2 X 14.125 6400 Clear.
4 72 X 4.72 
4.75 in ilium 
4.71

X
X
X

14.875
14.; 5, 
15.5

5001
4408
3360

26.3

21.1

Clear. Crippled with
out cracking or bulging* 

One large knot ; de 
caved near lieart Failed 
at knot.

4.7U3 “ X 15 35 3861 26.60 One knot at liottom of 
specimen. Failed at this 
knot by crippling.

2.94 “
4.75 “

X
X 15.30

16.
4272
4413

26.5 Clear and straight, 
but deep injury from 
pike pole. Failed at in
jured part.

3 87 X 16.25 2973 29 9 Straight grained. 
Failed at one end at a 
large.knot.

4 75 “ X 17.35 4232 26 40 Two large knots. 
Failed between them.

4 71 “ X 17.938 1847 27.1 Clear and straight 
grained. Failed at end.

4.40 X 4.4(1 X 17.0 3856 30.6 Three large knots in 
a ring around specimen. 
Failed at knots.

2 97 X 3.85 X 20.54 6036 30.1 Clear and straight 
grained ; one-third sap- 
wood. Failed by crip
pling at T ins. from one

3.85 X 3.83 X 21.65 3933 26.1 Failed previously as 
pillar under 49,200 lbs. 
Crippled now at a large 
knot 8 ins. from end.

3.8 x 3.8 X 22.35 3808 26.7 Two large knots Crip
pled at one, 2 ins. from 
an end.

3.83 X 3.83 X 23.82 3615 25.9 Failed by crippling at 
two knots near centre.

3.97 X 2.9» X 23.60 5462 24.9 Clear and straight 
grained ; failed previous
ly as ni liar under 42,000 
lbs. 6rippled now near
centre.

3.02 ilium. X 25.79 5023 24.5 Clear and straight 
grained. Failed by crip
pling 8 ins. from one 
end.

3.40 X 3.80 X 25.4 3610 25.0 Straight grained ; bad 
season cracks ; full of
knots, failed by crip
pling through two of 
them 8 ins. from end.
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2.98 X 2.99 X 21 25 4607 23.9

2.95 X 3.25 X 2(i.7fl 3508 24.1

4 75 X 4.75 X 21 II 3103
2.99 X 2 99 X 24 98 4474 26.7

3.0f> in ilium, x -4 1 5240 25.8

3.46 X 4.33 X 27.00 3488 20.4

2.92 in ilium. X 30.53 5209 29.8

3.05 « x 48.0 4377 25.9

Straight grained ; pin 
knot 10 ins. from one 
end. Failed by crippling 
and bending at pin knot- 

straight grained, but 
full of Knots. Crippled 
at one near corner in 
middle.
Clear ; grain 2 ins. out 

of parallel ; season 
cracks along grain. At 
upper corner grain ran 
out. Failed by sliding 
along seasoning, due to 
non support of fibres 
running from corner.

Clear and straight 
grained. Failed by crip
pling and bending at 
same instant at middle. 

Failed previously as

{>illar under 33,300 lbs. 
‘’ailed now at knot 8 ins. 

from end on a side.
Clear and straight 

grained ; one-third sap- 
wood. Fail by crippling 
on sapwood side and 
then bending afterwards 
12 ins. from end.

Clear grain, 1A in. out 
of straight ; high at one 
side. Failed by bending 
20 ins. from one end on 
high side.

8. X 8 X 48 0 4W;ti 25.0

4 75 in d iiui. x 60 2652
4 75 X 00 1862
4.75 X 4 75 X 60 2749
4.75 X 4.75 X 60 1862
4 75 X 4.75 X 60 1951
4.75 X 4.75 X 60 1951

Ten knots; long sea
son crack ran three 
fourths the way down, 
1 j ins. deep and $ in. 
from edge; a bruise 3 
ins. from end on same 
side; on opposite side, 
crack 3 ins. long, 1 in. 
deep; grain and rings 
both parallel. Failed by 
bending toward a high 
corner and then crip
pling.
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4.75 X 4.75 X <;<• 
4.75 indium. X fil 
4.62 X 4.75 X 60
4.62 X 4 75 X 60
4.75 in diam. X 60
4.00 X 4.00 X 78.24

4.03 X 4.06 X 78.2

4.03 X 4.03 X 75

3.115 X 3.98 X 75

2306
2676
2370
2826
2765
2937 27.6

3460 28.7

4557 28.2

3260 29.3

Heart ; unseasoned ; 
straight grain ; four 
groups of knots 2 ins., 
ids., t| ins., 5| ins. from 
end oi: each face. Crip
pled and failed through 
knot 2 ins. from end on 
low side.

Straight grain; several 
knots. Failed by bend
ing at knot 30 ins. from 
one end. Ends square ; 
maximum load 70,500 
lbs.

Straight clear grain ; 
one small knot. Failed 
at knot 3 ft. 4 ins. from 
end ; crippled, then split 
open ; ends square-

Grain straight but for 
frequent knots ; failed at 
a group of knots about 
2 ft. from one end by 
splitting first slightly 
open and then crippling 
on one side ; it bent after
wards.

RESULTS OP COMPRESSIVE TESTS ON

OLD WHITE PINE.

Dimensions in inches.
Lengths.

3.5 X 4 4 X 1175
O ® .5 aT CS 

1980 27.35

3 4 X 4 3 X 11.70 2740 28.10

Remarks.

Large knots on all 
sides about 2 ins. from 
an end, otherwise in 
good condition, except 
shivered at a corner be
tween two knots. Failed 
by splintering at shiver
ed corner ; also crippled 
at knots.

A large knot appearing 
on two faces 3 ins. from 
end ; also a slight season 
crack on one face. Fail
ed by splitting longi
tudinally along season 
crack.
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3.46 x 4.33 x 11 75 4470 26.45

3.50 X 4.25 X 11.74 3850 26.30

3.45 X 4 39 X 11.77 4115 25.35

3.50 X 4 41 X 11 75 2T15 25.55

3.47 X 4.38 X 11.75 4330 26.50

3.52 X 4.37 X 11.75 2625 28.65

3.45 X 4.25 X 11.75 4660 23.3

3.45 X 4.36 X 11.70 3975 24.6

3.50 X 4 27 X 11 70 4695 25.0

3.49 X 4.37 X 11.75 4230 25.8

Medium knot through 
corner showing on two 
faces about 1^ ins. from 
end ; otherwise sound 
and clear. Failure by 
crippling at centre.

Knot on a face lj ins. 
from end, passing to 
opposite face j in. from 
end ; also small defi
ciency at corner on same 
end and along one edge ; 
alsosapwood. Crippled 
longitudinally through 
knot.

One small pin knot 
on corner ; also shaken 
by seasoning ; also two 
sin il injuries on an 
edge. Burst at the sea
son cracks ; afterwards 
crippled.

Two large knots at an 
end on opposite faces 2 
ins. from end ; also 
slight season cracks. 
Crippled at knots.

Clear and nearly 
straight grained; slightly 
shaken by season cracks. 
Crippled 5 ins. from one 
end.

A large knot 3 ins. 
from end passing 
through from opposite 
faces ; also seasoned 
somewhat. Crippled 
through at knot.

Clear specimen, ex
cept deficiency at a cor
ner, partly sapwood ; 
also bad injury (spike 
hole) in deficient corner. 
Crippled at centre.

Two weathered sides ; 
clear ; seasoned. Clear 
crippled at centre.

One old side ; clear ; 
shaken by season cracks. 
Crippled at centre.

Grain clear and 
straight,large cant hook 
hole 1 in. from one end 
on old narrow side. 
Failed by crippling at 
centre.
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3.48 x 4.32 X 11.73 3910

3.48 X 4.40 X 11 74 3830

3.51 X 4 30 X 11.60 1525

4.10 X 4 10 X 12.00 2923

4.21 X 4.19 X 12.00 2183

4.17 X 4.18 X 12.05 2059

4.14 X 4.22 X 12.00 2840

4.19 X 4 20 X 12 00 1716

4.18 X 4 22 X 12.00 2228

4.14 X 4.18 X 12.00 2794

4.17 X 4.19 x 12.00 1723

24.4 Large knot on en 1 ; 
seasoned ; grain clear 
and straight. Failed by 
crippling at centre.

23 85 Large knot on end ;
grain clear and straight, 
season cracks. Failed 
by splitting longitudin
ally and crippling 
slightly at centre.

05 65 One old side; grain
' ‘ ' clear and straight ; piece 

badly shaken. Crippled 
at centre.

23.2 Grain clear and 
straight ; season cracks 
on two old sides ; injur
ed by cant hook on one 
old side. Crippled at 
one end and through 
defect.

23.0 Grain parallel ; one
small pin knot ; season 
cracks on old side ; one 
small defect on corner 2 
ins. from end. Crippled 
at one end-

25.4 A large knot near cen
tre ; badly seasoned on 
old side ; split along sea
soning ; split from knot. 
Also crippled.

22.9 Grain clear and
straight, seasoning 
cracks through centre ; 
small defect on old side. 
Crippled through de
fects.

32.5 A large knot from end 
to end along one face ; 
another at one end ; an
other at opposite side. 
Fibre split from knot.

26.3 ' A large knot from end
to end along one face ; 
another at one end. 
Crippled at knot at cen
tre. and also a splitting 
away.

23.1 Clear and straight :
seasoned on two old 
sides. Crippled at one 
end.

25.0 Gra'n clear and
straight, bad season 
cracks on old side ; 
spike hole 2$ ins deep, 2 
ins. from one end. Fail
ed at spike hole.
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4.21 X 4.21 X 12.00 2257

4.20 X 4.22 X 12.00 2438

4.16 X 4.21 X 12.00 2509

4.19 x 4.22 X 12.00 2030

4.13 X 4.20 X 12.00 2086

4.17 X 4.18 X 12.00 2180

4 20 X 4.21 X 12.00 1883

4.21 X 4.23 X 12.00 1915

4.10 X 4 21 X 12.00 2512

4.20 X 4.23 X 12.00 2277

22.3 Grain straight ; three
fresh sides ; one large 
knot near end ; season 
cracks on old side. Crip
pled through knot at 
one end.

23,6 Grain straight ; two
large knots at opposite 
ends ; season cracas on 
old side. Crippled on 
end at a knot.

23.4 Grain straight and
parallel, except at one 
end, where it is curled 
by vicinity of a knot; 
otherwise sound. Crip
pled at sound end.

28.0 Two large knots at
one end, otherwise 
straight and clear ; fresh 
sawn on all sides. Crip
pled at knots at end.

24.1 Grain straight ; three
small knots at centre; 
two old sides injured by 
several small holes. 
Fibre split and crippled 
at small knots.

25.3 Three large knots at
centre ; grain parallel ; 
full of season cracks on 
old side ; fibre split. 
Crippled at knots.

24.4 Grain crooked by 
knots ; two large knots 
near centre ; large sea
son crack on one old 
side. Crippled across 
centre at knots.

25.0 Four large knots near
centre, otherwise clear 
and straight ; one knot 
at each corner. Crip
pled across centre at 
knots.

23 39 Grain straight ; three
sides fresh sawn ; small 
pin knot; small defect 
at one end on old side. 
Crippled at and near 
small defect.

26.1 A large knot hole at 
an end ; three smaller 
knots near centre; other
wise sound and straight. 
Crippled at end aided by 
knot.
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Two sides fresh sawn ; 
three large knots 2 ins 
to 4 ins. from one end ; 
grain twisted ; three 
cant hook mark 
cracks in medullary 
trays. Failed by split 
ing from large knot

Three sides fresh 
sawn ; grain not parai 
lei, owing to a knot ; one 
season crack on old side ; 
wood decaying some 
what ; several small pin 
knots. Sheared along 
season crack, caused by 
adjacent knot.

4.23 X 12.04

Three fresh 
sides ; two large knots 
near centre ; one pin 
knot ; grain parallel ; 
very large season cracks. 
Split along season 
cracks.

Four sides fresh sawn ; 
grain parallel ; season 
cracks are through spe
cimen ; one large and 
two small knots at one 
nd, large one at corner 

Crippled at knots

4 2ft X 12.04

Three sides fresh 
sawn ; grain not parai 
lei ; season cracks 
through body of speci
men; slightly decayed 
>n one side ; several 
mall pin knots. Shear 

vd on rot line and crip
pled at knots.

All sides fresh sawn; 
two large knots in body ; 
-'rain parallel ; ■light 
decay ; cracks in medul
lary* rave. Crippled 
through knots.

Two sides fresh sawn ;

f;rain not quite parallel ; 
arge knot at one end ; 

season cracks on two 
old sides ; small knot in 
body. Crippled through 
knots.
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4.19 X 4.22 X 12.05 2099

4.21 X 4.22 X 12.01 2251

4.17 X 4.24 X 12.02 1606

4.18 X 4.20 X 12.0 2033

4.20 X 4.22 X 12.0 2499

3.82 in diam. X 13.65 5770

3.625X 4.50 X 40.875 2390

3.75 X 4.31 X 45.25 2970

24.8 Three sides fresh 
tawn ; grain parallel ; 
season cracks on old 
side ; two small injuries 
in old side near one end. 
Crippled through very 
small knot near one

27.3 Three fresh sides ;
specimen full of knots, 
two at one end, one 
large knot and two 
small knots in body; 
had season crack on old 
side. Crippled through 
knot at one end.

28.0 Four fresh sides ; two
large knots near centre ; 
two pin knots; grain
parallel. Cripplea and 
split along fibre from the 
knots.

25.4 Three sides fresh
sawn; large knot 4 ins. 
from end ; grain paral
lel ; slight decay. Crip
pled opposite knot.

25.9 Four sides fresh sawn; 
large knot near centre ; 
grain parallel. Crippled 
opposite knot.

30.3 Clear and straight
grained. Failed by fad
ing through an injury 
from cant hook 4$ ins. 
from end.

o-> 4 Grain straight; one
old side; free from large 
knots ; failed by burst
ing open along three 
lines, which pass 
through various knots 
and season cracks.

23.6 Grain straight ; one
old seasoned side ; sev
eral knots ; failed at one 
large knot in middle of 
pillar, which passed 
through from side to 
side. Failure by bend
ing across narrow di
mension.

M
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3.50 *; 4.50 X 45.135 1840

3.50 X 4 38 X 41.6 2170

3.73 X 4.35 X 44.5 2650

3.5 X 4.4 X 45 , 3346

3.5 X 44 X 42.5 2082

3.5 X 4.45 X 46 2248

3.83 X 3 83 X 71.3 2862

22.6 Grain straight ; one
old seasoned side ; many 
knots ; failed at one 
large knot in middle of 
pillar, which passed 
through from side to 
side. Failure by bend
ing across narrow di
mension.

21.9 Grain straight ; one
old side; many small 
knots ; one large knot 
on old side 16 ins. from 
one end- Failed by 
crippling at that knot.

23-6 Straight grain ; fairly
clear ; some small 
knots ; one old seasoned 
side. Failed by bending 
18 ins. Ironi one end in 
clear wood across least 
dimensions.

22.8 Grain straight ; two
old sides ; knot at one 
end ; also knot at centre 
passing through a cor
ner. Failed by direct 
crippling which started 
at Knot in middle of the 
piece.

21.1 Grain nearly straight;
one old side ; various
knots, particularly one 
near centré passing from 
corner to corner of sec
tion. Failure by bend
ing at this knot on least 
dimension.

21.7 Grain straight ; one
old side. Failed near 
centre by bending across 
least dimension at a 
knot, which penetrated 
the heart of piece from 
one side.

Two knots on one edge, 
one large knot at centre, 
another 12 ins. away ; on 
second face five knots, 
two near centre, others 
12 ins. from ends ; grain 
parallel ; centre of tree 
in corner of specimen, 
failed by bending at cen
tre knot, induced first 
by being } in. off centre 
on top bearing.
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X 3.84 X 72.0 3338 26.06 Bad knot (1 ins. from

centre on one face ; next 
face knot 2 ins. from 
end ; grain about parai- 
lei ; many smaller knots; 
centre of tree on same 
corner as large knot. 
Failed by bending at 
large knot.

RESULTS or COMPRESSIVE TESTS ON

NEW SPRUCE (B.C.)

Dimensions in inches. £3 Kg - e ■SJjS
Lengths.

a= $ a
E £5-

■ 5f= 3
te °

Remarks.

ô s.s r 5 s.
4.72 X 2.3I3X 1.94 3415
4.77 X 2.25 X 1.9 2941
4.75 X 2.375 X 1.875 3020
4.72 X 2.25 X 1.875 3465
4.78 X 2.25 X 1.97 3256
4.76 X 2.25 X 1.94 3118
4.75 X 2.312 X 1.88 3009
4.72 X 2.22 X 1.9 3179
3.75 x 2.34 X 1 62 3854
4.812X 2.3I2X 1.94 3210
4.375 X 1.875X 2 4440
4.75 X 2.25 X 2.50 3321
4.73 X 4.73 x 3.9 3451
3.67 X 3.67 X 3.64 
4.75 X 4.75 X 4.0

5590
3325

Failed by crippling.

4.76 X 4.75 X 4 2838
4.812X 4.8I2X 4 2986
4.65 X 4.65 X 5 20 4540
3.00 X 2.875 X 6.50 7566 Clear and straight.
3.00 X 3.125X 6.00 6036
4.7 X 4.7 x 7.75 4299 2<>8d Four pin knots ; ends
3.125X2.875 x 7.25 6812

not quite parallel.

4.687 X 4.687 X 8.66 5305 29.80 Clear and sound ; 
cracks along medullary

4.76 X 4.75 X 11.5
4.2 X 3.8 X 11.5

4666
4806 26.9

Clear and straight. 
Crippled at centre.

4.0 X 4.04 x 11.75 3898 33.8 Straight grained.
Crippled at large knot
on edge near centre.
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4 111 X 4.10 X 12 55 4451

3.75 X 3.75 X 12 05 4907
4.72 X 4 72 X 14.0V 4063
4.75 in di ir. X 14. 3328

3.33 X 4.18 X 14.97 4382

4.35 X 4.32 X 20.66 3767
4.35 X 4.45 X 20.6 8640

4.41 X 4.45 X 20.6 3850

2.5 X 3.42 X 27.6 3390

3.48 X 3.50 X 32.26 4384

2.75 X 4.05 X 41.0 3070

2.75 X 4.02 X 40.95 3086

4.36 X 4.50 X 20 55 3584

4.08 X 4 35 X 2.97 3909

4.18 X 4 35 X 22 95 3271

4.29 X 4 35 X 22.96 3617

4.20 X 4 35 X 22.95 2834

4.25 X .4.40 X 22.9 3774

4.24 X 4 34 X 22.94 2973

4.12 X 4.35 X 23.00 3560

28.3 Clear and straight 
grained ; alight axe-cut 
on one fact* 3 ins. from 
end. Failed by cri|>- 
pling at axe cut,

29.fi Crippled at a hunch
3U.2 of five knots.

Five large knots and
k one large aeason crack.
33 9 Clear and straight.

Failed by crippling near 
one end.

29.6 Failed by crippling.
27.1 Knot near one end.

Failed in centre.
29.9 Clear.
26.3 Clear and straight 

grained, but heavy sea
son crack from aide to 
side. Failed by ig 
on season crack and 
then bending.

Grain not straight; 
heavy knot through cen
tre; also ends not square. 
Burst apart along centre.

28.3 Straight grained. Fail
ed at large knot 3 ins- 
from end by crippling.

28.4 Straight grained: 
eight large knots. Failed 
bv bending at two knots 
id ins. from one end 
concave to high side.

27.4 Grain clear and par 
allel. Crippled at centre.

27.5 Grain crinkled near 
one end. Failed there.

27.7 Clear ; straight ; no 
knots. Failecl at one 
end.

25.4 Grain not quite 
parallel ; knot near 
centre of one aide at 
which piece failed.

28.2 Grain not parallel. 
Failed by longitudinal 
shear, which passed 
through a knot.

26.1 Failed at a knot near 
centre of one side.

25.1 Failed by longitudinal 
shear.

27.2 Failed at a knot.

5
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4.10 X 4.41 x 21.00 3080

4 23 X 4.10 x 2:1.0 3382

4.10 X 4.10 X 23.05 3530

4 oil X 4:43 X 2:4.00 422!)

2.Ü7 X 4.0 X I.VI 4008

3.33 X 4.1 X 13.04 3370

4.72 in iliiir. X 13.0 3430

2.0 X 4.1 X 18.5 5253

4.75 in dinr. X 00 1802
4.75 “ X 00 2708
4.75 X 4.75 X 00 2351
4.75 X 4.75 X 00 2276
4.75 X 4 75 X 00 3104
4.75 X 4.75 X 00 2660
4.75 X 4.75 X 00 2351
4.75 X 4.75 X 00 2306
4.75 X 1 73 X 00 2001
4.62 X 4.63 X 60 2431
4.02 X 4 75 X 00 2410
4.02 X 4.02 X 00 2420
4.75 ill ilium. X 00 2483
4.75 u X 61 2483
4.75 “ X 01 3215

25.7 Grain parallel. Failed 
by crippling at a knot (> 
ins. from one end.

27.9 One season crack, did 
not afltet the failure 
which was by crippling.

20.4 Knot near one end. 
Crippled in body of 
piece at a distance from 
the knot.

25.6 Grain clear and par
allel. Crippled on one 
side.

20.7 Clear and straight 
grained. Crippled two 
inches from end.

26.4 Straightgrained ; large 
knot on middle of side. 
Failed near one end in 
(dear wood.

30.86 Four deep medullary 
weathering cracks ; a 
mass of knots at lower 
end ; small pin knots at 
centre ; ends not quite 
mrallel. Crippled at 
lower end at knots.

24.1 Clear and straight 
grained ; failed by
crippling and bending U 
ins. from one end.
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results of compressive tests on

OLD SVRUCK.

« i< . — £
'ü’üHi 'S-S

Dimensions in inches. = = ï a
Lengths. Jïç ? J?

2.54 X 3.15 X 5.95 4375 28.4

2.12 X 2.07 X 10.12 4508 28.4

2.42 X 2.45 X 10.95 4307 27.9

2.50 X 3.20 X 11.25 3862 28.4

2.18 X 2.18 X 14.00 4842 27.9

2.17 X 2.18 X 13.40 4714 27.9

8.20 X 3.22 X 13.40 5825

3.20 X 3.21 X 13.28 5696

3.17 X 3.21 X 13.62 4900

3.20 X 3.20 X 13.43 527.1

2.80 X 3.36 X 13.30 5139

2.80 X 3.34 X 12.60 4818

2.18 X 2.18 X 16.00 4337 27.!

3.53 X 3.56 X 14.60 6329

Remark*.

Clear wood, straight 
grained ; ends out of 
square ; bent over.

Clear wood, straight 
grained ; ends out of 
square; bent over.

Clear wood, straight 
grained ; failed by bend
ing ; worm eaten.

Clear wood, straight 
grained ends out of 
square ; bent over.

Clear wood, straight 
grained ; failed by bend
ing ; worm eaten.

Clear wood, straight 
grained ; failed by bend
ing ; worm eaten.

Clear; straight grain
ed ; crippled at centre.

Clear ; straight grain
ed ; crippled at end at a 
previous injury on sur
face.

Straight grained; knot 
at centre. Crippled at 
knot.

Straight grained ; knot 
on corner at centre. 
Failed at knot.

Heavy knot through 
edge near centre. Crip
pled at knot.

Straight grained » 
knots near each end- 
Crippled and burst 
through large knot.

Clear wood ; straight 
grained. Failed by bend
ing ; worm eaten.

Clear and straight 
grained. Crippled near 
end through a small in
jury like a nail hole.
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2.6(1 X 2.63 X 15.45 7339 Clear; straight grain
ed Crippled 5 ins. from 
end.

2.60 X 2.75 X 16.25 3664 One small knot, but 
badly out of parallel. 
Failed at knot.

2.66 X 2. :> X 15.57 6809 Straight grained ; one 
small knot near end. 
Crippled first near cen
tre through cant hook 
holes.

2.6V X 3.37 X 27.05 6110 Straight grain ; knot 
12 ins. from end. Crip
pled at knot.

2.80 X 3.35 X :6.20 5090 Straight grain; knot 10 
ins. from end. Crippled 
at a knot.

2.62

X

X 17.72 5625 Clear, but grain very 
much out of parallel, as 
much as 3 ins. in 18 ins. 
Burst apart by shearing 
of unsupported fibre.

TENSILE STRENGTH.

The experiments were especially directed to the comparison of the 
tensile strength and stiffness of portions of the same stick, in different 
positions relatively to the heart.

In designing the form of the test-piece, it was of importance to make 
the head of such a depth as would prevent the central portions from 
being pulled through the head by shearing along the surface BO, and 
it was also necessary that the depth should not be inconveniently great. 
Wedge shaped holders (Fig. H) were adopted which would grip the 
specimen along the faces AB. This form of holder was intended to 
increase the resistance to shear which is always much less than the tensile 
strength. As the tension on the test-piece increases, so also does the 
normal pressure upon the faces AB, Fig. K, and, therefore, so also docs 
the resistance to shear along the surface BC. At first, the faces of the 
holders in contact with the specimen were left rough, but it was found 
that the roughness prevented the specimen from sliding in far enough 
to be gripped along the whole of the face AB, so that the bearing 
surface was practically limited to a comparatively small area near the top 
of the head. Thus it often happened that the specimen still failed by 
shearing along the surface BC. This difficulty was obviated by 
planing the faces of the holders.

The test-pieces were prepared from the uninjured portions of the
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Kig. K.

Kig. H.
beams, wliicli hud already been fractured trausversely. The extensions 
of a length of ten inches of the specimen under gradually increased 
loads were measured by means of Unwin’s oxtensnmeter until tho 
total extension exceeded about one eightieth of an inch After this tho 
exlensometer was removed, andin many cases additional extension read
ings, up to the point of fracture, of a length of sixteen inches of the 
specimen, were measured by means of a steel rule and indicator clamped 
to tho specimen at points lli inches apait and allowed to slide over one 
another.

The results obtained arc given in the following tables, and an exam
ination of these will show :—

1st. That the incréments of extension up to the point of fracture arc 
almost directly proportional to the increments of load ;

2nd. That the presence of knots is most detrimental both to the 
strength and to tho stiffness, inasmuch as they practically diminish 
the effective sectional area, and also produce a curvature in the grain ;

3rd. That wood near the heart possesses much less strength and much 
less stiffness than that more distant front the heart ;
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4til. That the strength and stiffness are also dependent upon the pro- 
ortion of summer to spring growth ;

5th. That irregularity of readings, both with the extensometev and 
with the rule, are chiefly due to the presence of a knot, or to curly or 
oblique grain caused by a knot.

Again, some of the tables give the effects on various specimens, of 
alternately loading them and relieving them from their load, and from 
the experiments carried out up to date the following inferences 
may perhaps be drawn :—

If the specimen is clour, free from knots, and straight in the grain, 
and if no interval of rest is allowed, then for any given range of loads :

(а) The total extension is greatest during the first loading ;
(б) The extensions due to the successive loadings continually 

diminish, tending to a minimum limit, so that the co-efficients of elas
ticity increase, and therefore so also docs the stiffness ;

(c) By the successive unloadings a set is produced, which con
tinually increases, but at a diminishing rate, ami which tends to a 
maximum limit ;

(<Z) When the specimen is allowed an interval of rest under the 
minimum load, the first total extension, when the loading is resumed, 
is greater than at the commenceme.it, but continually diminishes, tend
ing to a minimum limit, which possibly coincides with the maximum 
limit reached previous to the interval of rest.

So also, after the interval of rest, when the first set produced the s|ie 
cimen is from load, is greater than that previously produced, but gra
dually diminishes, in the succeeding releases from load, tending proba
bly to a minimum limit coinciding with the maximum limit reached 
before the interval of rest.

These inferences are also m accord with similar experiments carried 
out by Mr. Kerry, B.A.Se.

Specialattcntion may be directed to the testof specimen 4, beam XXI. 
This specimen failed simultaneously at two sections, the wood seem
ing to be very brittle, and the character of the failure p anted to some 
inherent weakness in the timber itself. After a microscopic examina
tion of the fractured sections, Professor Penhallow described the fractures 
as being “ very regular and devoid of any fibrous character, having the 
“ exact appearance of a piece of glass. The lines of fracture followed 
“ the variations in thickness of structure longitudinally and tran- 
“ versely with great regularity. The peculiar brittleness can only be 
“ referred to some local molecular condition of unknown origin, possibly 
“ to a deficiency in the clement of water."
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The simultaneous failure at two sections of specimens 2 anil 8 from 
White Pine beam XIjVI II may probably be referred to a similar cause, 
and, as Professor Pcuhnllow says, adequate explanations of such 
failures arc still to be sought.

In the tables the extensomcter measurements are given in hundred- 
thousandths of an inch, apd the rule measurements in hundredths of an 
inch.

With each table a diagrammatic section is also given, showing the 
part uf the stick from which the several specimens have been taken.

lllAdBAMMATIC SECTIONS FOlt TENSION SPECIMENS.

r,g //a Fig i/9. rig no. rig ,a/ Figm rg/aj Fig 12+ Fig ns Fig/is

m

rig 1*7 fig 128 fig/29. Fig /so r/g/3/ rig./-* Fig.i a F,g 133 Fig ‘33

Results of tension tests on specimens 1 to 9 cut out of Douglas Fir Beam 
IX, and of repeatedly loadings specimen cut out of the same Beam. (Fig 118.)

Headings taken by Kxlensometer.

Loads Specimen.

lbs. i 2 3 4 0 7 9
K..r- For- For- For-

w»r.l. want. ward. ward. ward. ward. want. ward.

100 0 0 0 0 « 0 0
HI 7!» 05 92 80 60

102
82

400 2-9 227 194 201 240 259 259 MI
000 872 87!» 818 480 898 298 421
800 50!» 527 485 579 549 504 501 401 570

1,000 044 078 647 7-17 702 5 0 796
1,200 77!» H18 004 870 852 808 808 087 890
1,400 !» 1 4 900 7H4 Illiill loot loot 1025 752 1047
1,000 104!» 1097 894 1220 1188 809 1200
1,800 11s.-, 1211 1008 1905 984
2,000 1 828 1124 1098

Total lircaking {
9270 (*•290 10,580 8820 0890 10,114 6348

Break’g weight
ill lb-, per f»q.
in................

Coefficient o f
elasticity in
lbs................
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Itcsults of repeatedly loading tension specimens 2 and 5 cut out of Douglas Fir Beam X. (Fig. 119.)

Readings taken by

"— Extensomeler. Rule Extensometer. Rule

Per- Up. Re- Re- Fur-! K.-- For- Re- Re- For- lie- For- For- pnr. Re- For- Re- For- Re- For- Re- For- For-
ward turn, ward turn. ward turn. w»r,l turn. ward turn. war,! ward ward turn. ,ar,l turn. ward turn. w,r,l tun, w.r,l ward

II 26 26 14 14 8 8 1 1 5 5 8 8 8 8 0 29 29 41 41 68 63 63 63
58 ...1 48 58 49 62 561 70 62 73 67 78 69 78 67 51 91 -5 108 98 117 109 125 119

17fi 178 169 190 189 ........ 191 167 216 218 282 222 247 238 253 238
816 283

41s 427 423 440 429 448 489 461 445 461 450 467 452 470 450 408 456 447 480 458 489 490 500 472
526 ....

6<5 683 680 701 686 7114 695] 718 7(11 720 706 721 706 723 713 .... 652 698 690 721 700 782 711 743 717
79l 775
!ll;l 930 ___ !.. 1___ 900 927 988 955 948 966 954 976 961

1068 1068 1078 1073 1080 1080 1087 1087 1087 1087 1091 1091
0 11501 1150 1176 1176 1184 1184 1199 1199 12-3 0

1(H)
200 
400 
600 
m$

1000 
1200 
#400 
li.00 
1*00 
2000

aw
3500 
4000 
4.#00 
6W 
6600 
6000 
«600 
7000 
7 ">00

Total breaking ) 
weight in lbs. /

Break’g weight ) 
in lbsp. sq.in. {

Co-effieient of ) 
elasti’ty in lbs. \ 2,821,600

Time of test, in I ; 
minutes........i

7,000

10,145

49

repeatedly loading specimens 3,
Hamo Beam. (Fig. lit».)

The Strength of Canadian D
ouglas Fir,



Loads in

> our out oif 1l> t^T^^^pcutoiily loading spocim« ns :î, I. (*> o»it out of sumv Iîcstm. (Kig. 1 13.)

100
200
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,200
2.500 
3,000
3.500 
4,000
4.500 
5,000
5.500
6,000
6.500 
7,000
7.500
8,000
8.500 
9,000
9.500

10,000
10.500
11,000
11.500
12.000

Total breaking 
weight in lbs. 

Break’g weight 
in lbs. p. sq.in. 

Co-efficient of 
elaat’ty in lbs.

Specimen Readings taken by Extenaometer.

0
62

172
284
M3
523
648
769
892

1013
1136

Ï* 2.

3 5
Ï4
■ y
4? 3n

7460

10,376

2,308.650

2
Rule
For-

0
52

154
256
365
468
576
678
77.-,
873
971

1044

1243

17,492

2.846.900

0
3
9

13
is
23»
31
35
411
43
17
51
67
61
66
70
74
78
83
89

Forward. He- I For- 
turn, ward turn.

0
65

213
358
497
634
771
907

1050

259

540

801

1050

7228

10,191

2.021.350

527

soi
1070

lte- For- „ , He- Fur- Re- For- Re" For- Re- For-
L ward ror aru- turn, ward turn, ward turn, ward

259 262

551

262

524

816

1070 1074
1210

803

w
194
326

612

678
1019

201 201 212

481 492 490 500

... 757 760 
1019 1027 io27

7340

10,279

2.036.900

212

761

1033

221 221 

498 *506

765 768 

1033 10.39

225

503

772

1039

Mi

774

1041
1185

0
72

220
364
504
64'
785
924

1061
1189

I Re- For- Re- For' 
I turn, ward turn, w ard

213

0 
71 

196 
:;29 
467 488

750 763 
890 

1029 1029

213

484

759

îôsi

218j 218 

490 489

767 762

1031 1037 
.... 1172

8424

992 11,535
!

2.134.450 1.973.150

Red Pine, 
W

hite Pine and Sjrevce.



Results of tension tests on specimens cut out of Douglas Fir Beam X, and of repeat
edly loading another specimen cut out of same Beam (Fig. 119). co

4*

Readings taken by Extensometer.
Specimen

Loads in 
lbs. F°rd

0
58

174
290
417
534
654
776
898

1019

Return. ja Return. For- Return. For- For-

0
69

214
341
468
602
731

1121

For-^ Return. Fur- Return For-

100
200
400
600
800

1900
1200
1400
1600
1800

0
78

1SB
316
430
:>45

890
1005
1120
9270

13,071

22,9,6350

Ü2 172 •176 171 179 179 222 222 228 228

410 412 413 416 418 417 458 453 463 459

656 656 659 660 665 661 680 680 689 683

1017 io2(l
1126

1019 1022 1023 1027 1027 1029
1153

lois
1120

1017

200
Total break’g ) 
w’ght in lbs. $ 

Brk”g weight j 
in lbs per > 
sq. in 1

Co effic’nt. of 1 
elasticity in > 
lbs. ' )

7030
9743

2,296,350

7700
1,1140

2,233,150......

* After this, the 4th series of readings, the test-piece was allowed to rest for a period of 2 hours, 
reading was .000171.

Note.—In test-pieces 7, 8 and 9, the grain was somewhat oblique to the direction of the axis.

On resuming the testing the

tension tests on cns an<l of repeatedly loading specimen .$

The. Strength of Canadian D
ouglas Fir,



!sT5 on specimens J ,o n cut out of Douglas Kir Beam XII, 
cut out of same Beam (Fig. 120).

and of repeatedly loading specimen 3

Loads in 
lbs.

100
200
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2.500 
3,000
3.500 
4,000
4.500 
5,000
5.500
6,000
6.500 
7,000
7.500
8,000
8.500 
0 000 
0,500

10,000 
10,500 
11,000 

Total break’g j 
w’ght in lbs. $ 

Brk’g weight ( 
inlbs.p.sq.in. / 
Co-effic’nt of 1 
elast’y in lbs j 

Time of test ) 
in minutes.. \

Readings taken by

10,760

15,040

11,120

15,655

2,001,650 2,307,200 

10 16

0 0
66 73

170 220
284 369
390 517
509 666
613 815
722 955
84* 1107
949

1063 H
H o ÿï'

2 5 Z.-K 5 
= 3 *
2. 5-5.

■j. S3
l ?.

|

o »
|

l|
1- 5 S

a

9,900 5,510

13,909 7,823

2,486,700 1,920,900

12 9

Extenwmeter.
For- He- For

ward
Re-

turn.
For- Re

ward turn.
Foi
*ard

For-

57 57 70 70j 82 82 ....
232 225 2Ü 237 259 248 ....
467

692

441 478 465 489 475

687 709 697 715 705

1032 1040 1040 1042 1042 Is
!

0

51

9,300 10.420 1

13,066 14,640

11,896,500 1,960,450

9 41 i -S

—

lied Pine, 
W

hile 1‘ine and Sj/ruce. 
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Results of tension-tests on specimens cut out of Beam XIII, and of repeatedly loading other specimens cut out of the same Beam (Fig. 121).

Readings taken by

Loads in 
lbs.

ExtenBometer.

100 
200 
400 
600 
800 

1,000 
1,200 
1,400 
1,600 
1,800 
2,000
2.500 
3,000
3.500 
4,000
4.500 
5,000
5.500
6,000

Total break’g j 
w’ght in lbs. i 

BrTcg weight 1 
in lbs. per > 
sq. in. ) 

Co effic’nt of | 
elasticity 
lbe.

Re- For- Re- For
ward turn.ward

939 951 951 975

turn, ward

198' 198 

435 427 

659 651

975 9»i 981

For- Re
ward turn.

653 664

983 983

Fur-

Extensometer.

1092

Forward Forward Forward Forward Forward Forward Forward

C
70

199
337
472
610
742
872

1006
1140

0
119
306
491
613
839

1015
1179

0
64

215
.338
465
591
720
844
962

1090
1210

0
101
216
420
572
723
876

1030
1185

0
62

181
300
418
534
652
772
891

1012
11.32

0
85

287
454
620
786
950

1110

0 
67 

191 
SIS 
442 
575 
706 
831 

. 957 
ivn

.........

9840

13,945

2,108,500

5Î40

7322

1,631,700

8720

1,2337

2,263,400

7490

10,191

1,684,900

11,620

15,271

2,359,160

4370

6278

1,096,900

9320

3,721

2,323,700

Re- For- Re- F«»r- 
turn. ward turn ward

239 239 253 253

490 485 505 499

730 739 748 751

1078 1102 1102 1118

* After this, the 4th series of readings, the test-piece was allowed to rest for 2$ hours. On resuming the testing, the reading was .000182.

The Strength of C
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.Results of repeatedly subjecting to tensile stress a specimen cut out of Beam XV. (Fig. 122.)

Loads in lbs.

Specimen 1.
Readings taken by Extensometer. Rule.

100 
200 
400 
600 
800 

1,000 
1,200 
1,400 
1,600 
1,800 
2,000
2.500

5g 3,000
3.500 
4,000
4.500 
5,000
5.500
6,000
6.500 
7,000
7.500
8,000
8.500 
9,000
9.500

Total breaking load in lbs. 
Break’gload in lbs. per sq .in. 
Co-effic’nt of elasticity in lbs.

0
79

229
379
522169
Tien$

1059
1186

lie-

20

220

509

790

For*!

20

'Ü6

495

*77*1

lie- For- Re
turn. wa rd. turn.

20

231

509

*784

'

1186 1181 1181
I

14,4741 
2,092,6001

20

*220

494

772

1183

22

232

sii
790

1183

For-

220

492

770

1181

t He"* For- Re
ward. turn.

22

23(1

5ÎÔ

788

22

1181

519

797

1215

44

237

*542

sis

1215

! I

44

229

529

807

43

238

*5*16

821

For lie-

43 49

230 240

530 547

809

1219 1219 1219

821

1*21*9

For-

4» 

*237 

536 

si 3

For-

1220 .....
1358 0

6 
12 
18 
23 
29 
35 
40 
46 
51 
57 
63 
69 
76 
81 
90

g

'
§

* After this ath series of readings the test-i>ieve wa* allowed to rest for a period of 16 hours under the load of 100 lt». Un resuming the testing 
the initial reading was found to be unchanged.

H
(d Pine,
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Results of repeatedly subjecting to tensile stress specimens 1 to 4 cut out of Beam XV.
Headings taken by.

Specimen.

Loads in lbs.

100
200
400
turn 
-oo 

Lotto 
1,20» 
1.100 
l.litHt 
I,-(HI 
2,000 
2,200 
2,500

Total breaking weight in ll 
Breaking weight in lb*. per 
tVpffluiein ot vltteticitv in It

Exienaometer. ‘ Extr.
*, 1 rw,- ixe- rill- cor- Kft-
waril. turn, ward turn, ward ward turn

0 30
<i2|

1*7 224 
313 
439 
505 600
6!M'___
820 843
949 ___

1075 .... 
1201 1201

----- 1------

10960 ___
15340 
2,205.250

1086 1086 1090
1217

0 39
69 . . 

199 239 
337 .... 
47 v 509 
614 . ... 
740 704
809 ___
991 .... 

1130 1130 1152
1288

4 1 3 4
Extr Extr. Extr Rule. Extr.

He- For- For- He- ! For
tum, ward

For- For- For-

0 21 21 0 31 31 0 050 70 55
157 174 ise 211 234 220 178 189
203 341 311 306
306 395 301 4<0 499 479 441 418
473 «07 572 530578 599 573 738 700 739 703 042
084 .... 809 833 752785 999
884 899 879 1129 1129 1130 1091 956
985 1220 0 1073In--.

0
10
16
21
26
32

7420 ....
0,f 1

2,144,850

7720 ... 
11.117
2,75* .550

10240!...............
15,00 I

11000 ... 
5,619
,173,350

8115 
11,086 

2,626,200

The. Strength of C
anadian D

ouglas Fir,



Results of repeatedly subjecting to tensile stress a specimen cut out cf Beam XV. Fig. 122.

Specimen 4.

Readings taken by Extensonieter.

It». Forward. Re- For- Kr- F< >r- Re
ward turn.

For- Re- For- •Re
turn. ward turn. tKe For- Re- For Re- For He- For-1 lie- 

turn, ward turn
For For

ward

100 0 58 58 69 69 75 7 i «5 75 77 0 9 9 16 16
200 51 43
4 Ml 
GOO

163
245

100 189 202 197 212 203 21*2 203 214 125
212

121 in 114 108 114 IU 112 112 112 1.2
>00

1,000
1,200
l,40o
1.1.0 » 
l,soo 
2,000

:m
430

361 385 368 593 374 393 373 394 301
:$87
475

310 285 299 281
369
457

295 287 294 288 294 2c8
524
(120
713
«09
904

554 54.» 561 560 574 550 574 556 576 477 461 468 463 459 loi 458 460 459

H2o «26 826 s34 834 833 833 834 834 739
825

742
825

723 723 720 720 716 710 710 7i6 716
803

2,20o 1000 1000
2.4IM)
2,600

..........
4,000
4.500 
5,000
5.500 
G,000
6.500 
7,000
7.500 _

982
1072
1161 Ô

* 7 
11 
13 
17 
21 
25 
29 
31

ltd Pine, 
W

hite Pine and Spruce. 
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Results of repeatedly subjecting to tensile stress a specimen cut out of Beam XV. Fig. 122.—Continued.

Specimen 4.

I be.

Readings taken by Extensometer.

Forward Ke- For- He- For- He- For- Re- For- *He- : For- He- For- Re- For- Re- For- He- For- Re- For 
' turn, ward turn, ward turn, ward turn, ward turn, ward tarn, ward turn, ward turn, ward turn, ward turn, ward

8,000
8,500
0,000
0,500

10,000
10.500
11,000
11.500
12,000
12.500

Total break
ing weight

Break’g w’gt 
in lbs. per

Coefficient 
of elastici
ty in lbs.

12500

18001

3,141,900

For-

38
41
43
47
50
55
on
fi4
«9
73
7‘i

9

gD
?

.o

P

a-

b5I

* After this the loth series of readings, the test-pieee was allowed to rest entirely free from load lor a period of 4(". hours.

Re,u" - — — <>„ -p— c,lt out „r



Results of tension tests on specimens 1 to 11 cut out of Douglas Fir Beam XVII. (.Fig. 123.)

lbl\
100
200
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,200
2.500 
3,000
3.500 
4,000
4.500 
5.000
5.500
6,000
6.500 
7,000
7.500
8,000

Total breaking 
weight in lbs.

Break’g weight 
in lbs. per sq. in.

Co-etiicient of 
elasticity in lbs.

Time of test in 
minutes.

Rein lings taken by

Extr. 1 3
Extr. x

^4 g 8
Extr.

| R
ul

e.
!

9
Extr. s

11
Extr.

| R
ul

e.
-

^7
X

5
Extr. X

0
61

185
286
Hi-

511
618
T36

0
66

165
278
391

620
734
846

1,023
1,185

0

177
301

7-7
909

0
95

289
471
655
843

1,057 0

0
71

210
344
481
612
745
877 0

0
101
-66
419
560
768
848

••

0
91

496
680
880

1,073
1,271 0

0
93

240
393
550
699
854

1,006
1,159
1,313

834 1,144
1,285955 1,026

1,153
1,279

0 0
1,060 12 3 3 3

0
6

10
14
19
24
29
33
38
42
18

58

7i
20 8 9 19 10® » n

18
22
28

10
16
22
28

30 13 17 18i c 18 25
9 25 c C

S'=: 32
32 32

37
43

2 • 2 38 2.
= »

05

=- 1
i,
|| ?"

jjj.
i

5,500 8,150 6,500 3,200 5,180 3,000 2,920 3,000

7,755 11,631 8,933 4,230 7,035 4,320 4,089 4,040

2,578,350 2,518,500 2,224,750 1,377,000 2,036,200 1,978,450 1,426,000 2,264,500

27 18 23 11 13 23 18 15 too

Red Pine, 
W

hite Pine and Spruce.



Results of tension tests on specimens 1 to 3 cut out of Douglas Fir Beam XIX. (lig. 124.)

Readings taken by

F.xtr. Extr.Loads in lbs.

see
Mi

1,000
1,200
1,400
1,600
1,800
2,000
2,200
2.500 
2,600 
3,000
3.500 
«4.000 
4.5cm 
5.000
5.5001 
6,000
6.5001

128 0 1,034 0
1,276 01,151 0 1,0001,090 0

©~ £

1.30s 0

The Strength of C
anadian D

ouglas Fir,



7,000
7.500
8,000
8.500 
9,v00
9.500 

10,000 
10,500 
11,000

Total break
ing weight in 
lbs.

Break’g wgt. 
in lbs. per sq. 
in.

Co-efficient 
of elasticity in 
lbs.

Time of test 
in minutes.

11,140 12,600 10,700

15,543 17,199 14,581

2,082,700 2,407,950 2,320,950

11,520

10,960

2,451,150

18

76 
89 
93 

107 
112 

1 121 •

8
8

12,480 9,500 12,300

18,856 14,210 16,805

2,450,600 2,279,350 2,687,000

15 19 28

8,200

11,725

2,197,750

Red Pine, 
W

hile Pine and Spruce.



Results of tension tests on specimens cut out of Douglas Fir Beam XX (Fig. 125), and of the repeated loading of other 
specimens cut out of same Beam :—

Readings taken by

Evtensoineter.
Loads in 

lbs.
Forward. 25 Forward turn, ward

220 252 2431
619 530 641
987 991 1,005

1,366 1,366 1,385
22 3611,773 0

900 ..
300 321

1,1171,038 ..
1,222 .. ,i74

597 612 9601,501 0 1,232 )1.369 0 1,357 0 1,310 01,182 0

1,190 1,190 1,570

The Strength of C
anadian D

ouglas Fir,
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206 The Strength of Canadian Douglas Fir,

Results of tension tests on specimens out out of Douglas Fir Beam XXI., and of 
the repeated loading of another specimen cut out of fame Beam. (Fig. 126.)

IjouU in lb<

kea'lings taken by 
2

Kxtensometvi'.

! Korwaril.

tool
MO
MO
«OU
ON

1,(1011
1.200
1,400|
1.500 
1,0001 
1,800 
2,000
2.500 
3,000-
3.500 
4,000
4.500 
5,000
5.500 
0,000 
0,500 
7,0001
7.500
8,000,

Total break I 
iug weight in > lbs. ||

Br’king wgt.l 
in lbs. per *ij. v 
in. j

Coetticieut of | 
elasticity in lbs. j 

Time of test i 
in minute*. f

Ke

ll 05
65..........

212! 291
391 ........
529 571
063 ..........
800 853 
948 ..........

i.osoi i’iie
1,239 ..........
1,385' 1,385

0
09

220
300
498
026
776
918

1,050
1,199
1,340

= 3*1»
wîs

saisi
v jt-C e.a
rc • ®
Ilf:

mhht

8,240

11,505 

005,050 

44

Kxlr. Rule Kxtr. Rule Extr. Rule

0 0
116

0
105 113
291 355 349
456 630 000
620 918 880
810 1,244 0 1,229

1,011 1,539 0
1,234

10 * “L
1,428
1,593
1,731 "o

■5 Oi
• u

6 a . 26
11 §» c 37

•••••• 18 50
24
32 •5 |i 60

.......... 41
50

j
•••••• 50 c2 •j

6.1
76 &
82
92

asfa

8,100 1,830 4,480

11,095 2,485 6,157

1,336,300 .... 916,640 923,890

35 .... 14 27



Red Pine, White Pine and Spruce.
Rfl.iilu of leiiiiun tost* Oil specimen, cut of uu old Douglui Fir stringer, Ib-am 

" U'’ “nd the Iepoatçd loading of another specimen cut out of I lie same Beam.

(Fig. 127.)

1-oads in Ilia.

100
200
400
ooo 
800 

i ,000 
1,200 
1,400 
1,000 
l.woo 
2,000
2.500
:i,ooo
3.500 
4,000
4.500 
5,000
5.500 
0,000 
0,500 
7,000
7.500
8,000
8.500 
9,000
9.500

Total break
ing weight in
I be.

Br'king wgt. 
in lbs. per eq. 
in. J

Co-elficientof I 
elasticity in lbs. ( 

Time of test | 
in minutes. i

Keailings taken by 
2

KxteiiBonieter.

turn. ward.

141
292
439
579
723
881

1,030
1,101
1,310

8,800

12,115

2,139,200

17

«
Extr.

£

0
60

190
319
450
5BB
713
847
920

0 1,096
2 1,220 0
5 4
!» 9

10 13
23 19
30 23
30 28
42 9.1
IK
54 45
ou 51
68 57
7.) 6.1

70
78

8,320

13,109

2,190,350

14



Results of tension tests on specimens cut out of Old Spruce stringer, Beam LVII. (Fig. 128.)

Readings taken by

v\Ext r. Extr. .

l(l(.
200 
400 
600 
800 

1,000 
1,200 
1,400
1.500 
1,600 
1,800 
2,000
2.500 
3,000
3.500 
4,000
4.500 
5,000
5.500 
6,000
6.500 
7,000
7.500 
8,000
8.500

Total breaking weight

Breaking weight 
lbs. per sq. in

Co-efficient of elasti- ) I 
citv in lbs.

Time of test in minutes.

0
100 ..!

1,303 1,416

1,124
1,252

D,o00

7,662

6,830 

9,5(14 

1,025,850

6,970

10,069

9,000 

12,626 

1,903,200

.>,000 7,080

10.1757,941 7,739

1.202.3501,032,050 
is

1,069,3 >0 1 «818,950 
18

1,577,900 
16

Tin' Strength of Canadian D
ouglas Fir,



209Red pine, White Pine and Spruce.

Hesulta of tension teste on specimens cut out of Old Spruce stringer, 
Beam LX. (Fig. 129.)

Loads
in

lbs.

Headings taken by

5
Exir. s Extr.

_
X

8
Extr. X

100 0 0 0
200 64 127 90
400 191 270 259
000 344 46h 446
800 497 652 610

1,000 «57 870 780
1,100 960 0
1,200 811 950
1,300 1,040
1,40(1 967
1,500 1,040 0 5
1,000
1,800
1,900 h
2,000 1
2.300 18
2,400 14 1
2,700 ............... 25
2,800 20 2
3,100 31
3,200 25 2
3,500 37
3,000 91 .............. 3
3,000 45
4,000 35 4
4,300 60
4,400 4 1 4
4,700 67
4,800 44 f
6,000 50 «1 .

5,400 ,
6,600 70
6 000 HO
0,500 88

Total breaking weight in lbs. 8,100 6,750 5,60(1
Breaking weight in lbs. per sq. in 11,445 10,206 8,004
Coefficient of elasticity in lbs. 1,830,650 1,547,350 1,047,150
Time of test in minutes. n 31 22
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211Red Pine, White Pine and Spruce.

Results of tension-tests on specimens cut out of a 2 ip. x 4 in. Red Pine 
scantling, and also of the repeated loading of another specimen cut 
out of same scantling. (Fig. 131.)

Headings taken hy

L< ads in 
lbs.

Extr. Utile Extr. Extr Extr Utile Extr. Hale

For- ^ H«‘- For-! For
ward ward

i (Kl 0 0 23 0 00
200 60 58 56
400 190 179 Î 87 17.1 182
«00 Hll 286 279 306
fOO 432 301 ini 396 4M

1,000 553 405 402 550
1,200 678 600 614 600 682
1,400 804 708 712 812
1,600 «29 nit; 837 8I« 042
1,‘00 10511 027 925 1074
2,000 1*70 10115 1045 1202
2,200 130(1 11411 1142 . . . . 1335
2,400 1429 0 1257 1257 1267 0 1 nil 0
3,000 5 5 6
3,000 12 in 12
4,000 18 14 18
4,’>00 21 10 22
5,000 28 23 28
5,500 30 29 33
6,000 35 33 40
6,500 41 119 45
7,000 40 43 50
7,500 52 50 55
8,000 57 52 60
8,500 62 60 60
0,000 62 74
0,500

Total brk’g weight t
in lbs.................. | 0,000 9.2*0 0,500

Breaking weight in i
lbs. per eq. in__  f 12,1189 12,775 14,372

Co efficient in elas- l
ticity in lbs......... \ 2,279,850 2,654,1511 2,247,350

Time of test in mins. 24 20 ad
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Hesulto of testing specimens cut out of White Pine Beam, and of repeatedly loading 
other specimens cut out of same Beam. (Fig. 131a.)

Specimen.

Measurements laken by

3 7

Extr. Exteiieometer.

100
200
400
1100
800

1,000
1.200
1,400
1,000
1,800

0
76

230
400
570
746
014

1,082
1,2001

0
81

241
405
560
732
800

1,060

268

r»60

268

500

278

603

278 
*6 (Ml

1,060 1,063 1,083 1,006 1,006 1,100 1,100

288

'<U3

288

'oio
208

’Ô2Ô

20k

*622

1,118
1,285

Total break- j 
ing load in lbs. 1 

Break’g load | 
in lbs. per sq. >
in. J

Co-efficient of I 
elasticity in II,-. i

8,260 7,4.0

12,252 11,126

1,835,100 1,700,100
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Results of testing specimens cut out of White Pine Beam, and of repeatedly loading 
other specimens out out of same Beam. (Fig. 131a).—Continued.

Specimen.

Measurements taken by
8 6 6

^__ i —
Kxtr. Kxtensometer. Extr. Extensomer. Extr.

0 0 0 0 0
86 80 80 in 91

253 220 233 233 239 239 249 336 336 336 255
419 385 420 544 410
581 650 564 563 571 566 681 752 745 748 572
749 715 739 918 733
912 879 911 1,156 1,156 1,158 894

1,076 1,045 1,045 1,051 1,051 1 104 1,056
1,238 1,223 1,283 This specimen fail-

1,390 0 ed at two sections aim-
2 nltaneously.

10
17
24
3C
3S
48
53
6t
66
73
81
90

9,136 8,470 7,440 6,000 8,600

12,969 11,561 10,347 8,603 11,981

1,729,400 1,654,500 1,614,000 1,728,350 1,741,400



Results of repeatedly loading specimens 2, 8 and 9 cut out of White Pine Beam XLVIII. (Pig. 131a.)

Specimen.

Measurements taken by Extensometer

2 9

100 0 0 .... ....
200 92 78 ....
400 265 274 274 274 274 232 251 251 256 256
600 420 392
800 583 603 591 605 593 548 565 51-4 570 569

1,000 749 705
1,200 912 865
1.400 1,078 1 078 1,079 1,079 1,0»:. 1,027 1,027 1,030 1,030 1.031 1
1 ooo .192
1 RfiO 1 410

Total break. 1
ing load in lbs. t 6,840 .... 8,316 9

Break’g load )
in lbs per rq in. i 9,321 ... .... .... j 11,624 14

Co-etticient of |
elasticity in lb* > 1,676,200

0 
92 

251 
42» 
591 
7<:ti 
029

*285 *285 *292 324 *34# *341 *340 * 3*4*0

613 613 619 663 6«'8 671 672 677

.0 98 1*ÎÔ2 i’,iÔ2 1,150 l'iüii 1,158 1*1*58 1,162

bo
4-

Specimens 2 and 8 failed at two sections simultaneously. Specimen 8, after the reading indicated bv a *, was allowed to rest under the 
minimum load of 400 lbs. for an interval of 2^ hours. When the loading was resumed the reading was .00324 in

Tht Strength of C
anadian D

ouglas Fir,



Results of tostiug specimens 1 and 2 cut out of Red Pine Ream XXXI. and of repeatedly loading specimens 2 and 3 eut 

out of same Beam. (Fig. 121b.)

100
m
4M
CM
800

1,000
1,200
1,400
1,800
1,800

Total break
ing weight in 
lbs.

Break’g wgt.' 
in lbs. per sq. 
in.

Co-efficient of 
elasticity in lbs.

•
77

215
340
5#4
'll-
788i
928

1,0671

8,460

11,825

1,960,500

6,928

9,378 

i,42l,900

4,620

Measurements taken by Extensometer. 
1 2

0 0 0 0 (1
99 117 66 92 71

293 351 190 290 329 327 340 346 220 266 266 277 280 280
478 571 313 489 .... 518 .... 359
664 795 445 689 713 729 723 5ft 1 541 535 551 547 561 552
854 1,(105 571 887 .... 639
019 1,229 699 1,087 1.087 1.102 1,102 ,113 786
245 828

............ 95f 1,086 1.086 1.096 1,096 1,109 1.1*09 1.117

5,592 6,790

8.090 9

1,452,200 1.953,100

7,910 

6,274 10,s89

1.237,500 2.158,809

Red Pine
, 

W
hite. Pine 

Spruce. 
215



216 The Strength of Canadian Douglas Fir,

SHEARING STRENGTH.

In the experiments, to determine the shearing strength of timbers, con
siderable difficulty was found in preparing suitable test-pieces which 
would not at the same time be liable to a large bending action. Blocks 
were prepared as shown by sketches A, B and C ; but unless the sides 
were sufficiently strongly clamped, as in Fig. A, the specimens almost 
invariably opened at M, under an effect chiefly duo to bending The 
clamping, again, introduced a compression, which rendered it impossible 
to obtain the true shearing stress.

u

O
After a number of experiments, more satisfactory and reliable results 

were obtained by preparing test-pieces as shown by Figs. E and D. 
The bending action is by no means eliminated, and, generally speak
ing, it is practically impossible to frame timber joints subjected to a 
pure shear only. The shearing strengths, which are of importance, are 
the resistances along planes tangential and radial to the annual rings. 
An examination of the test-pieces shows that the shears arc invariably 
along these planes.

Thus it will be observed that in the tangential shears, the fibre, both 
hard and soft, is sheared radially, in the radial shears tangentially, and 
invariably through the soft fibre.

With test-pieces of the form shown by Fig. D, the shearing strengths 
along the tangential and radial pianos are obtained, while the compound 
shearing strength, which may be considered as the resultant of the 
tangential and radial shears, is obtained with the test-pieces of the form 
shown by Fig. E.

The following tables give the results of experiments carried out 
with test-pieces and holders of the form described :—
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TABLE OF THE TANGENTIAL, RADIAL AND COMPOUND SHEARING 
STRENGTHS OF DOUGLAS FIR SPECIMENS CUT OUT OF THE SAME

BEAM.

Specimen.

Shearing stress
per sq. in. in 
a direction tan
gential to the 
annual rings.

Specimen

Shearing stress 
per sq. in. in 
a direction at 
right angles to 
the annual

Specimen.
Compound

shears.

No. 1 553 No. 3 560 *No. 13 471
No. 2 568 No. 5 484 *No. 14 536
No. 4 411 No. 7 544 No. 16 629
No. 6 555 No. 8 480 No. 10 657
No. 10 454 No. 9 436
No. 11, 415 No. 12 4811

TABLE OF THE COMPOUND SHEARING STRENGTHS OF DOUGLAS FIR 
AND RED PINE SPECIMENS.

Dougin* Kir. lied Pine.

Specimen.
Shearing strength 
per square inch. Specimen.

Shearing strength 
per square inch.

No. 1 802 lbs. No. 1 648 lbs.
No. 2 727 “ No. 2 553 “
No. 3 886 “ No. 3 572 “
No. 4 7!'5 “ No. 4 570 “
No. 5 70ti “ No. 5 731 “
No. 6 649 “ No. li 534 “
No. 7 746 “ No. 7 671 “
No. 8 No. 8 698 «

No. 9
No. 10

740 “
757 “

Not being altogether satisfied with these results, as the test-pieces 
did not seem to be of sufficient size to give results which could be con
sidered of standard practical value, new holders, with spherical scats, 
were designed, and are shown in Fig. F.

With these holders, tests can now be made upon specimens in which 
the shearing surface has a width of 8 ins. and a depth limited by the 
tensile strength of the timber, the maximum shearing urea being 96 sq, 
inches. The web of the specimens is usually about .7 in. in thickness, 
so that the depth should not exceed .95 '/, t being the tensile and » the
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-

E F C

iug the bearing for the pressure required to produce the shear is about 
4 inch, and is made of only sufficient sectional area to resist failure 
by compression, as tho deeper the shoulder the greater will be the 
bending action introduced.

From the tables giving the results of the shearing experiments, tho 
following inferences may be drawn :

a. The shearing strength of tho timbers is much less near the heart 
than at a distance from the heart.

b. Generally speaking, the shearing strength increases with the 
weight per cubic foot.
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c. The shearing strength increases with the density of the annual 
rings, or rather with the proportion of hard to soft libre.

d. A failure sometimes occurs, for which it is difficult to find a com
plete explanation.

For example, the two specimens from Beam X, and designated in the 
Table by a *, were precisely similar in dimensions and in weight, and also 
occupied precisely similar |*)sitions relatively to the heart in the stick 
from which they were cut. One of these specimens failed under a shear of 
470.24 lbs. per sq. in., and the oilier under a shear of 301.84 lbs. per sq. 
in., so that the shearing strength of the latter was more than 35 per cent, 
less than that of the stronger specimen. A careful examination of the 
surfaces of fracture showed no visible difference in the specimens, and the 
only possible conclusion to be drawn seems to beeitlnr that one of the 
specimens might have been drier than the other, and was therefore 
deficient in the clement of water, or that tie shoulders of the weaker 
specimen, at the end at which the failure occurred, were not cut very 
parallel with each other, and thus the greater part of the load might 
have been concentrated on one side.

e. As a result of the experiments, the average shearing strength of 
Dougins Fir in lbs. per square inch is 411.61, 377.14 or 403.605 
according as the plane of shear is tangential, alright angles, or oblique 
to the annual rings.

In practice, therefore, it will be safe to adopt as the average co effi
cients of shearing strength for Douglas Fir, 400 lbs. per sq. inch fur 
shears tangential and oblique to the annual rings, and 375 lbs. per 
sq. inch for shears at right angles to the annual rings.

Note.—The numbers in brackets at the end of the total shears in the 
following table correspond to the numbers in the diagrammatic sec
tions, and indicate the pjsition in the stick from which the specimens 
are taken. The letter H designates a specimen taken from the heart.

wm

Fig 136Fig !3i A/ÿ./ÎSr.t i3*

mm

mm
Fg iW Fig !*2 Fg/*2* Fig 1*3 Fig !*4

Fig 133 Fig 1*0

/ tf* £rrtj

Fg !*6



Tabic of shearing strengths in lbs. of specimens cut out of various Beams.

DOUGLAS FIR.

Tangential. Radial. Oblique. Av. w’ght in lbs-
Be.,,,. Total. Per sq. in. Totai. Per sq. in. Total. Per sq. in. Per cub ft.

IX............ 13,530 (1) 
16,610 (1) 
16,170 (1) 
16,200 (5) 
17,210 (1) 
16,440 (1)

332-94
404-59
375-47
370-37
412-48
l(H)-09

20,020 (4) 413-40 16.760 (2) 
17,120 (2) 
14,720 (3)
17.820 (3)
15.820 (2) 
17,630 (3) 
19,570 (3)
16,15«'e(T 
19,430* (1) 
12,424* (1) 
21,504 (4) 
24,880 (4)
23.760 (4) 

Average
20,360 (1) 
21,500 (1)

401-22 33-52
(Fig. 132.) 412*41

393-4i
428-05
372 01
360 64
367-89

X..............
Average 

19,380 (2) 
15,868 (2) 
16,660 (2)

= 382-65 
435-31 
477-24
406 14

I4,450l<ufe = 413-40 
361-23

= 455-94 
394-53 35-73

(Fig. 133.) 470-24
301-84
436-36
511-41
486-29

XII.......... 17,970'717  ̂
19,760 (1)

= 439-56 
433-64 
416-51

Average 
21,300 (2) 
21,300 (2)

= 361-23
457- 50
458- 14 
377-81
459- 79 

= 4:18-31
464-60
44104
388-41

= 433-44 
398-17 34-57

(Fig. 134.) 477-67

XIII........ 16,984'e(3)”e 
14,552 (3) 
15,330 (4) 
15,210 (4) 
17,440 (3) 
12,940 (4) 
12,860 (4) 
19,600 (3) 

Average

= 42507
462 15 17,886>eofe Average = 437-92

31-81
(Fig. 135.)

409-97
424-70 355-18

367 07 
334-20 
350-55 

= 385-86= 432-22
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DOUGLAS FIR—Continued.

XV ... 
(Fig. 136.)

XVIII. 
(Fig. 137.)

XIX .. 
(Fig. 138.)

XX ... 
(Fig. 139.)

XXI... 
(Fig. 140.)

Tangential.

Total.

19,280 (3) 
17.176 (3) 
16,170 (4)

Average 
15,272 (14)

16,040 (6) 
20,390 (7) 
18,470 (13) 
14,650 (13) 
19,580 (13) 
18,865 (7) 
•Ju. 7(111 (13) 

Average 
21,030 (7) 
20,635 (7) 
21,190 (7) 
26,050 (7)

Average 
18,700 (5) 
17,400 (2) 
17,800 (2) 

Average

Per sq. in.

477-60 
423-00 
420 00 
437-40 

= 439-50 
446-55

446-55
409- 1 
422-6 
395-3 
340- 
416-5
410- 
440-8 
404-90 
368 5 
445 0 
360-4 
4511 
407-0 
350- 
307-8 
394

: 350-60

Railial. Oblique.

Total.

15,260 (1) 
14.165 (1) 
17,914 (2) 
16,050 (2) 

Average

14.430 (4) 
14,220 (6) 
14,590 (7) 
15,700 (4) 
15,200 (5)

Average 
15,855 (4) 
14,270 (1) 
17,630 (4) 
19,040 (4) 

Average 
16,840 (1) 
14,900 (3> 
16,560 (3) 

Average

Per sq. in.

369-49 
401-50 
431-56 
387-31 

= 397-46

375-7 
388-9 
411-8 
414-6 
418 5

401-90
276-7
252 0
378-2
330-6
309-37
2910
273-2
307-1
290-43

Total.

15,495 (7) 
15,600 (8) 
13,120 (9) 
14,840 (12) 
12,595 (13) 
17,180 (11)
12.500 (8) 
11,525 (9) 
19,420 (10)
14,47o'e(5Îe 

20,830 
17,200 
13,860
15.500

(8)
(»)
(5)
(6)

Average

16,050 (1)

Per sq. in.

359
411-9
447-
482-5
402-
380-
389-7
347-2
382 1
400-15
39.3-2
442-
371-
362-7
437-6

= 401-3

282-1

Av. w’ght in lbs

Per cub. ft.

36-73

38-4
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N. B—I wish to express my acknowledgment of the help given to me by 
Mr. C. B. Smith, Ma.E., in carrying oui. many of the experiments and in 
checking the calculations. I have also been ably assisted by Mr. Withy- 
combe, the foreman of the Laboratories, who has devised many mechanical 
devices which have greatly facilitated the work.



CORRESPONDENCE.

Prof’. J. B. Johnson, M.Am.Soc. C.K., Professor of Civil Engineering u-
Washington University, St. Louis, Mo., in charge U. S. Timber 
Tests, said :—

While the writer desires to commend heartily ihc objects of the in
vestigation here described, and to express his sense of the need of fur
ther studies of this kind, he is obliged to take exceptions to the methods 
and results herein reported in the following particulars.

1. The central load upon the beams was conveyed through a hard wool 
cylindrical bearing, having a ten inch radius. This offered so small a 
bearing surface to the timber, that in some instances it crushed bodily 
into ihc beam which was under test to a depth of two inches. Of 
course in practice no timber beam would ever be subject to so great a 
concentration of load as this, and it is therefore entirely unfair to so 
apply the load in making the test. In all le-ts of timbe r beams, the 
central bearing shouldbc a saddle, preferably made of hard wood, being 
square at the bottom transversely, but curved longitudinally with a very 
long radius. When such a saddle is used, the distortion or compression 
of the upper fibres of the beam is insignificant, and can be neglected in 
the computation.

In the opinion of the writer, the abusive action of the central liearing 
used in these testa has to a large degree vitiated the results, and it is 
impossible now to determine what the normal strength of the beam was 
from the results obtained. It would seem that neither of the methods 
ofcomautati in offered by the writer of the p iper has any great proba
bility of being correct.

2. A very much more serious objection to these experiments is the 
failure to make yny determination of the percentage of moisture in the 
beaut at the time the tests were made. As a result of some fifty thou
sand tests on timber which the writer has made lor the United States 
Government, reports of which are published by the Forestry Division 
of the U. S. Agricultural Department, it appears that the strength of 
wood in nearly all ways increases rapidly as the moisture is exhausted 
from the timber, and so great is this increase of strength, that on the 
average it may be said that thoroughly seasoned timber is fully twice
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as strong as green timber. A test of any kind, therefore, on timber 
furnishes us no information as to the strength of that species of timber, 
unless we arc also informed of the percentage of moisture found in the 
timber at the time the test was made. The absence of any such inform
ation as this in the work here under discussion would seem to make it of 
little value for comparative purposes.

In the work done by the writer for the U. S. Government, the percen
tage of moisture is found for every test mad'' of every kind, by cut
ting from the stick an entire cross-section about ouc-frurth of an inch 
thick from the vicinity of failure, weighing this disk immediately, then 
drying it at a temperature of 212° F., and weighing again. The loss 
of weight, divided by the dry weight, gives the percentage of moisture 
in the stick, as compared with the dry weight. Before any compari
sons can be instituted even between specimens of the same species, the 
law of the variation of strength with moisture for that species should 
be found, and then all the results of tests reduced by applying correc
tions to their equivalent values at some standard percentage of mois
ture. Hitherto this standard percentage of moisture has been arbi
trarily taken in the U. S. tests as 15 percent, of the dry weight. 
Thoroughly seasoned timber has about 10 per cent, moisture, whereas 
ordinary large timbers seasoned out of doors for several years will have 
a percentage of moisture of about 15. All these facts appear fully in 
the publications of the U. S. Agricultural Department on this subject, 
where the curves of variation of strength with moisture are all given. 
As these results have been before the American public since July, 1893, 
it would s 'em that uo further tests of the strength of timber should 
ever be prosecuted without taking account of this greatest of all causes 
of variation in strength.

Aside from the two serious objections noted above, the work of Pro
fessor Bovey seems to have been well and carefully done. These two 
objections, however, have such great weight that I am persuaded his 
results have little or no scientific value, although they do give full in
formation of the actual strength of the sticks tested. It is very unfor
tunate that wo arc unable to generalize from these tests and apply them 
to other known conditions. The objections here noted apply equally 
to nearly all tests made hitherto on the strength of timber, except 
those which are now being carried out by the U. S. Forestry Depart
ment.

Wherever in the results here described the specimen had been tho
roughly seasoned, as is the case in several instances, it may he assumed
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that the amount of moisture in the stick was about 12 to 15 per cent, 
if the timber had remained out of doors, or about 10 per cent, if it had 
been in use for many years inside a building. Such limbers should 
be expected to have a strength nearly twice as much as they them
selves would have had if they had been tested green.

Although the bulletins of the U. S. Forestry Division hitherto 
published on this subject have been entirely exhausted, another bulletin 
is about to appear, giving results of many thousands of tests on the 
four principal species of Southern Yellow pine, namely, Long-leaf 
(Pali/tlris), Short leaf (Echinata), Loblolly (Taeda), and Cuban (L'u- 
bensit) Pine. Application for this publication should be made to the 
Secretary of Agriculture, Washington, D.O.

Mr. A. L. Johnson, of Washington, D.C. said : Mr. a. l.
Of Mr. Bovey’s excellent paper, the most novel and interesting por

tion, to the writer, is the chapter on

TENSION TESTS WITH REPEATED LOADINGS.

lie hire enters the unoccupied field of “ Fatigue of Timber,” and 
the experiments made arc interesting and valuable. One of the first 
things to be noticed, on careful exam ination of these tests, is that the 
extensions obtained on the “ Return ” series are always greater than on 
the preceding “ Forward ” series.

This is natural, since the internal stress folloict the external load, 
the action being a dynamic one.

Consequently the extensions are all too imall for the recorded load 
on the “ forward ” series, and too large on the 11 return ” series. As a 
result of this, and the method of making the test, the extension given 
for the minimum loads are all too large, while those for the maximum 
loads are all too small.

Hence, in a discussion of these results for the determination of 
either modulus of elasticity or “set,” these values will have to be excluded.
This consideration will also serve to explain why the minimum load 
left on for some hours sometimes gave less extension at the end of the 
time than at the beginning (see note on pp. 85, 87 and 88), in spite of 
the fact that timber has practically no elastic limit at all, any load left 
on for a sufficient time being able to produce a set.

The value of the extension at the minimum load after the period of 
rest is probably normal, while all the other values at the load are too 
large.
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The first dilfcrvnliiil of extension, therefore, of cr the period of rest 
under minimum load, will be too large. The succeeding differentials, 
however, should not be affected, and on an examination of the tests 
they will be found perfectly normal. This is true only for light loads 
fur a comparatively short time.

For heavy loads or long time, the modulus of elasticity seems to be 
injured.

Also, after a period of rest entirely free from load (see test on Beam 
XV, No. 4), the modulus of elasticity seems to be considerably in
creased.

Very similar, in fact, to muscular action.
To sunt up, then, we may say :
1. That successive loadings, not exceeding 20 per cent, of ultimate 

strength, do in no wise permanently injure the material. Tliouizh 
some set is given it, this seems to disappear when left entirely free 
from load.

2. When a small load is left on for some time, the modulus of elasti
city seems to be diminished.

3. That a period of rest, free from load, greatly assists iu restoring 
the piece to its original strength and shape.

It now remains to try loads of varying amounts left on for different 
lengths of time, giving a complete discussion of the time clement.

Also the effect of releasing the specimen from load. The next series, 
also, should include a discussion of the effect of these on the ultimate 
strength of the piece.

This, of course, will have to be done on separate pieces of compara
ble material, testing, for example, one end of a 3" stick under re
peated load, and the other end without such repetitions ; making enough 
tests to eliminate lack of comparability due to peculiarities of the 
individual.

It will be noticed that the modulus of elasticity as determined from 
direct tension tests is 25 per cent, higher than indicated by the beams 
on the cross-bending tests.

This is interesting, if a correct relation, since, if the average modulus 
in direct compression and tension are equal to that in cross-breaking, 
the compression modulus must be about 25 per cent, weaker than the 
cross-bending modulus.

BEAM TESTS.

In the beam tests, the author is quite excusably at a loss to know 
what to do with his data after obtaining it. His use of a 20" circu-
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lar block for centre support has so deformed the original shape of his 
piece that he is in doubt as to what depth of beam to use in his for
mula. And, sis he himself says, “ a very small error in estimating the 
depth of si beam may lead to a considerable error in the calculated skin 
stress ", citing spruce beam No. L as an example, in which case it 
made a difference of 22.8 per cent. He concludes to calculate this 
factor with the original he ight of beam, and of course gets results very 
low, but “on the safe side

The beams are nearly all too deep for their length, and ns a result 
many of them have sheared. In fact, on examination of table on page 
18, taking only the “ New Timber”, we find that out of 19 beams tested.
9 sheared and 1 failed in a knot. That is to say, what is given 
as the maximum skin stress is for 50 percent, of these beams, not the 
modulus of rupture, but much less. Therefore, considering that each 
individual value of tl is function is (due to crushing effect of centre 
support) from some per cent, to a maximum of 25 per cent, too small, 
and that of these values 50 per cent, arc again considerably too small 
(since full skin strength was not developed), it is f|uitc likely the menu 
given by Mr. Bovey is “ on the safe side " I Besides, many of these 
beams had soaked in water—some in salt, and some in fresh — from 6 to
10 months. At least two of these laid on the beach and were alter
nately wet and dry, according to the tide, for a period of nine months.

To take means from such indiscriminate material is misleading. To. 
classify and give means for each is impossible since too little data is left 
in each.

The above story is repeated in the

CRUSHING ENDWISE TESTS.

Out of 1G9 tests on New Douglas Fir, there were only 48 which 
were not manifestly defective before the test, and failed at these points.

That is to say, 72 per cent, of these tests arc used to tell you that 
knots, cross-graining, and season cheeks are a source of weakness.

Of the remaining 28 per cent, of all sorts and conditions of pieces, 
having nothing in common but species, the mean tells nothing, except 
that, if you take the above number of pieces of the above number and 
kind of conditions, the mean thereof will approximate the mean here 
given.

The question may well be asked, “ What is the object of these 
tests ? ”
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Is it simply to determine factors of strength for safe design ?
If so, all that is necessary is to get a lot of poor, knotty, cross-grained 

stuff together and test it.
Or is it lo determine factors of strength for economic design ?
If this is the object, it is altogether a different problem.
We must be able to say, not only that the material is strong enough, 

but that it is not too strong, or too good, for the purpose intended.
The uses, and requirements of these uses, must be classified.
The exact class to which the various kinds of material, underall the 

various kinds of treatment, belong must be determined.
The various effects of all defects are evaluated, and new rules of 

inspection determined.
Nor is this all. It should then be the endeavour, by new methods of 

treatment, to promote a material from a lower to a higher class.
This is the proper field of timber testing, or any kind of testing, and 

anything short of it—except to solve a specific problem for one specific 
purpose—is hardly worth while attempting.

HHEARINO.

The classification of these tests into Radial and Tangential is a 
good one.

Mr. Bovey, however, gives his figures rather decisively to show that 
the tangential shearing strength is about 8 per cent, greater than the 
radial.

It is the opinion of the writer that this conclusion is not warranted.
In the first place, his results are not compel able. The pieces occupy 

different portions of the cross-section of log from which they are cut, 
aud the variation of strength across the section is great.

The mean of 75 tests on Pinus Palustris made by this division on 
material as near comparable as possible give 6 percent, greater strength 
to the radial than to the tangential shear.

The relative values of these two quantities depends upon the relative 
ratios of summer to spring wood sheared.

Mr. It. B. Kernow, of Division of Forestry, Washington, D. C.
I have just finished reading—nay, studying—your most interesting and 

valuable paper on I he Strength of Douglas Fir, etc., having spent over 
five holy hours in acquainting myself with its contents and meaning. 
You may remember that I heard a part of it at the meeting of the 
Royal Society for the Advancement of Science last year, and being 
called upon to discuss it, refrained from doing so at length, only
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expressing my doubt whether the generalisation* were justifiable on 
account of several deficiencies which appeared to me to exi t as I le ai d 
the paper.

Mow, alter careful reading, I nut confirmed in my doubts, although 
I fully nppicciale this most acceptable addition to our knowledge of 
the behaviour of woods, and especially the painstaking work and 
presentation of the results, being thoroughly convinced that careful 
study of all the conditions sut rounding any one lest is worth more than 
the averaging of figures derived from many tests without knowledge 
or reference to the detail conditions. Yet I cannot help regretting that 
not more of the details of your test specimens was known or given, son e 
of them must essential for a true interpretation of the results.

My criticisms then, if you care to have them, will take the form of 
a scries of regrets. I regret then :

1. In general that so much empiricism still attaches to the stries, 
that the tests are trials rather than experiments in which all the eon 
ditions that may have an influence on the result arc taken cognisance 
of, or in part prepared or eliminated. The luuturial under test, nlthoueh 
an attempt is made to describe it, yet is only very partially described.

2. That no distinction of heart or sap, or the proportions of each in 
the test piece, is given.

3. That the relative moisture conditions of the test pieces is left to 
conjecture, although it is a well-established fact that small differences 
of moisture at certain stages of seasoning give differences in strength 
of thousands of pounds.

In some places, notably on p. 81 (beaut XXI) and on p. 107 (tension 
pieces from beam X), it would appear ns if a greater degree of seasonin'.' 
was consid- red an element of weakness instead of the reverse. This 
favourable effect of seasoning seems also overlooked on p. 58, when com
paring long and short columns.

The data given of loss of water in the laboratory indicate that much 
of the material was still green or wet, so that the weights given, which 
might otherwise be useful in relating strength to mass, lose this value.

4. That so many of the beams were designed so as not to develop 
their truo transverse strength, failing in shearing. Of the Douglas Fit- 
beams, more than 511 per cent, were thus at fault.

To evaluate transverse strength from such tests and use the figures 
in averaging with results from true transverse (tension or compression 
failures seems to me illogical and unwarranted. There may be value 
in such evaluations if they arc kept separate, and are to refer only to

P



230 Cvrree/wndenec un Strength of Canadian Dovglnn Fir,

b urns designed to shear (designed for rigidity mainly), wliicli seems in 
Douglas Spruce to take place invariably, when the ratio of height to 
length exceeds 1 in 15.

5. That the straight grained condition of some of the test pieces is 
asserted, presumably from the looks, without giving a basis for tlie 
assertion. Very frequently, as we have found, the grain appear» straight 
and yet is spiral, and this can only be made sure of by splitting.

0. That so much of the material used for eompiession tests was 
defective (of the Douglas Spruce 72 per cent.), so that the compression 
value can hardly be said to have been established.

7. That the proof reader should persistently have allowed the re
currence of “annular" instead of “annual" rings, which jars upon 
one’s eyes or mental cars.

Whether the method of loading at the ends, whereby span and angle 
of application of load are constantly varying, would appreciably in
fluence results, and whether, on the other hand, with the changing of 
the effective depth due to the compression at the support the usual 
theory of flexure maintains, 1 leave to better mathematicians to dis
cuss, although I am inclined to doubt the correctness of the latter as
sumption. The amount of compression taking place with the appa
ratus in use seems excessive.

The deduction that the wood farthest away from the heart is the 
strongest is in its generality decidedly erroneous. It may be correct 
with thrifty growing young trees of 60 to 100 years, because the pro
portion of the strong sunimerwood in the ring or rather per square inch 
is probably there at its maximum, but later in life this proportion 
skins again, and therefore in older trees the outer zone becomes again 
weaker, the best wood being, in conifers at least, found intermediate 
between heart and peripheral wood.

Meat interesting to me, and without any flaw, as far as I can sec, 
for general application, are the results from continued loading after 
first fracture, and of the repeated loadings and unloadings, although a 
great many more of the latter series will have to be done to clearly 
show the law of change in the set, due to “ adjustment of parts ” after 
repeated loadings.

Admitting the theory of flexure and the idea of skin or extreme 
fibre stress, there is nothing remarkable in the fact, that after first 
failure the same or oven a greater strength is developed on second load
ing, provided the depth used in the calculation be reduced to that re
presented by the uninjured part. But the demonstration that this is 
really so is most useful.
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Again let me congratulate you on this interesting contribution, which, 
although I have taken the liberty of ( «tinting out its defects, is most 
suggestive and of much value and interest to me in our own work on 
similar lines.

Mr. J. II. Wicksteed, of Leeds, England : *■.'
I am complimented and pleased by the advance proof you have sent 

me of your Paper on the Strength of Certain Timbers.
This paper will bo a valuable standard for reference in the future 

on the strength of timber.
There are several points in the paper which I am very much struck 

with, and on which 1 should like to convey my remarks to you.
The striking tendency which the beams shew to shear longitudi

nally shews the great importance of testing long specimens instead of 
short ones, in order to arrive at the veritable strength of a beam in 
actual use, because as the long specimen has more length for cohesion 
of the fibres iu the direction of longitudinal shear, it will be stronger 
in proportion than a short beam. Is this not your view ?

I would therefore congratulate you on having made your experiments 
on such handsome sizes. I think this point is a rare proof of the 
superiority of a full sized test piece over a miniature sample.

While on this subject 1 should like very much to know whether you 
have found 9" wide sufficient for your requirement», or whether you 
would not prefer if the machine had been able to dmit a beam still 
wider.

Of course I recognize the further advantage that there is in using a 
long test piece for transverse straining, owing to the pressure on the cen
tral support being less intense, and in this connection I have pleasure in 
handing you herewith a tracing of a central support which I have re
cently designed. It consists of two swivelling plattens much on the 
principle of the thrust pieces you use for the ends of the beam, but ar
ranged in a pair side by side so as to present a very wide surface to take 
the pressure on the centre of the beam. The point is that as these sup
ports each swivel, they do not interfere with the deflection of the beam. 
They form a sort of articulated pressure foot, and by placing the end 
thrust pieces 3' farther apart than the nominal span of the beam, you 
make an allowance for the 3" distance that there is between the axes 
of the swivelling supports for the centre.

My friend Mr. Chavnock of the Bradford Technical School has 
worked out this simple problem graphically, and I enclose you a tracing 
of the proof that the bending moment is the same with this broad foot 
as if the beam rested upon a theoretical edge.
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I think with the use of this broad foot, you would he loss bothered 

by the compression at the centre of the beam, and L shall feel very 
pleased if you approve this design so us to adopt it.

I notice from the photograph that you have improved the form of the 
brackets carrying the end thrust rams, doubtless in order to get open 
windows through them, so as to make the measuring gear accessible. 
I shall be greatly interested, if ever 1 find myself within reach of Mon
treal, to see the improvements you have made, and amongst other things 
to find exactly the means you have devised for ensuring absolu'e 
equality in the end loads.

Referring to your compression tests, I am greatly interested to see 
that you got the same resistance from a strut 20 diameters long as 
could be got from a short piece.—I suppose a simple cube.

Referring to the tension tests, I very much admire the smooth taper 
ends working within smooth Wtdge clips. This seems to me by far 
the best holding that has as yet been devised for wood.

I am also pleased to see the speed at which you made these tests ; 
half an hour is not a long time for testing such a large piece and taking 
so many accurate observations. It implies that you have got the whole 
apparatus in first rate working order.

Mr. James E. Howard, Watertown Arsenal, Mass. :
Prof. Bovvy has presented a very imp -riant paper on the strength 

of timber, and from its comprehensive character it possesses unusual 
interest.

In the case of timber, it is perhaps more difficult to judge of the 
strength of full sized m< miters from the tests of smaller samples than 
with iron and steel, hence the transverse tests of the beams presented 
claim special attention.

The uniformity in strength found in small and carefully selected 
sticks can hardly represent the condition of beams of commercial sizes. 
It is believed furthermore that failures by longitudinal shearing occur 
more frequently with large sticks than with small ones.

The author invites attention to the fact that the ratio of deflection 
to load remains nearly constant almost up to the time of fracture, 
having previously stated “that timber, unlike iron and steel, may be 
“ strained to a point near the breaking point without being seriously 
“ injured,” and further remarks, while referring to structures that have 
been heavily loaded, “ whether it is advisable so to strain timber is 
44 another question."

Questions of this nature are indeed very difficult to answer satisfac-
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tovily, ami yet they seem to belong to that cl tss of information most 
needed for practical use. It must be admitted that ordinary tests supply 
very little information concerning the probable endurance of the 
material under different conditions of loading.

The reverence which has attached to the elastic limit is disturbed by 
experimental demonstration that alternate stresses of tension and com
pression in rotating shafts eventually rupture the metal, notwithstanding 
the apparent maximum libre stresses hardly exceed one-third the clastic 
limit of the metal, as that limit is commonly ascertained and defined by 
tensile tests.

Furthermore, material which, under direct tensile stress once applied, 
will develop 25 per cent, elongation before rupture may, under other 
conditions of loading, rupture with little or no measurable display of 
elongation.

These examples of iron and steel naturally awaken interest in the 
corresponding behaviour of timber.

The hygrométrie character of wood, whereby in its unprotected con
dition it is continually changing its dimensions as it follows atmospheric 
changes, introduced an element of uncertainly, and might t j supposed 
to assist the material in reaching its limit of rupture.

Owing to the absence of strict uniformity of timber in different parts 
of its cross sectional area, difficulty may often be experienced in securing 
the uniform distribution of the load on a post, and for the same reasons 
the disposition of stresses in a timber beam might exist in an equivocal 
state.

It appears that the compression tests submitted by the author consist 
of results obtained with small pieces, hut illustrative of the strength of 
the material which comprised the beams. The influence of knots is 
well shown in the results.

Tests made at Watertown Arsenal have shewn that the presence even 
of >ound knots is often more injurious than extensive seasoning cracks 
in the timber.

A somewhat extended series of tests was made at Watertown Arsenal 
during the fiscal year 1881 1882, in which single sticks of various sizes 
and lengths were tested and built up; posts of two, three and four sticks 
were also used. With four sticks tested together in a form resembling 
the compression members of a timber bridge, the sectional urea aggre
gated 234 square inches.

These posts of white pine, which were 15 feet long each, showed a 
compressive strength in the vicinity of 2,000 lbs. per sq. in. At the time
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of making these tests, observations were made on the effect of load sus
tained for short intervals of time, and it was found that during the 
early stages of the tests the immediate effects of the loads were increased 
after a short time, and there was a sluggish recovery when the loads 
were released. And this behaviour became more pronounced as the test 
progressed.

There was a test made of a sample of white pine after it had been 
subjected in an hydrostatic cylinder to a pressure of about 90,000 lbs. 
per sq. in.

The water freely circulated through the wood, and the otdy visible 
effect of this enormous pressure was a slight swelling, which was appa
rently due to the absorption of water.

The compressive strength of this sample shewed no material change 
from the strength of a duplicate sample tested for comparison.

Tensile tests made at Watertown Arsenal have been upon specimens 
prepared with conical ends. The preparation of such turned specimens 
is expeditiously done, and no difficulty is experienced in shearing along 
the grain.

In making shearing tests, as pointed out by the author, difficulties 
arc encountered in developing results uninfluenced by the form of the 
specimen employed.

It was thought that fairly reliable results were obtained with speci
mens prepared in the form of a Greek cross, shearing simultaneously 
two surfaces but rising surfaces of limited area.

Shearing along one surface would be preferred, other conditions being 
equal.

Prot. Bovey. Prof. Bovcy, in making a brief reply to the various criticisms which 
have been passed upon his Paper, begs to thank those who have 
so kindly taken such an interest in the matter and have added 
valuable information to the subject matter of the Paper.

In the first place, a great deal of stress seems to be laid upon the 
very large compression which is supposed to have been occasioned at 
the bearing. Unfortunately the supposition is entirely due to a mis
print in the Advance Proof, in which it is stated that the bearing block 
has a diameter of only 20 ins., whereas the diameter is in fact 44 ins. 
In the opinion of the author this diameter is certainly at least suffi
ciently large for the timber experiments, and the total compression was 
in every case, with two exceptions, extremely small. The exceptions 
arc Beams LV and LVI, and these two beams were the two ends of 
Beam LIV from which the fractured portion had been cut out. The
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total compression of this Beam (LIV) was less than J in. and the cal
culated maximum skin stress was 6,200 lbs. per square inch. Now, 
disregarding the compression, the skin stress in the case of Beam LV 
was 4,849 lbs. per square inch, and 4,014 lbs. per square inch in the ease 
of Beam LVI, showing a very large difference between the skin stress 
of these two portions and the skin stress of the main beam. But the 
reason is not far to seek. The compression in Beam LV was 2 ins. and 
in Beam LVL was 1.9 in., and making due allowance for these com
pressions, the calculated skin stress becomes respectively 6,176 lbs. and 
5,806 lbs. per square inch, showing a very small difference indeed from 
the stress of the main beam. These results sufficiently prove that when 
the amount of the compression is taken into account, the ordinary 
accepted formula for transverse strength gives results which are very 
approximately correct.

Again, it is stated that the beams were not properly designed, in 
other words, that the depth was too great as compared with the length, 
and that consequently some of the timbers sheared longitudinally so 
that the true transverse strength was not obtained. One of the objects 
of these tests was to determine the ratio of length to depth which 
would ensure the timber commencing to fail at the surface before 
shearing longitudinally. Certain results tending towards the solution 
of this problem have already been obtained, but further experiments 
on this point will be made. It must also be remembered that not only 
is it necessary that the timber should be sufficiently strong, but also 
that it should have sufficient stiffness, and this point seems to have 
been overlooked in the criticisms respecting the proper design of a 
beam.

In the next place, Mr. Fernow and Professor Johnson have set forth 
the great importance of determining the percentage of moisture present 
in a timber at the time of testing. The author quite agrees with these 
gentlemen as to the important effect of the presence of moisture upon 
the strength of the timber, and he has by no means neglected the 
investigation of this subject, but he is not at all prepared to accept the 
statements made respecting the comparative strengths of dry and moist 
timber. Further, the drying of a slab at 2123 F. cut from the end of 
a timber will certainly not give the average weight of the whole timber, 
or the percentage of moisture present in the timber. Even in the same 
section the weight per cubic foot of the timber will be found to vary 
extremely with the distance from the heart. This is very forcibly 
illustrated in the case of Beam XIII. The section of this timber was
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divided into three equal part», and they were thoroughly dried at 212° 
F. for 88 hours.

Before drying :
The portion nearest the heart weighed 30.208 lbs. per cubic foot. 
The portion farthest from the heart weighed 36.492 lbs. per cubic 

foot.
And the intermediate portion weighed 28.512 lbs. per cubic foot. 
After drying:
The portion nearest the heart weighed 29.123 lbs. per cubic foot. 
The portion farthest from the heart weighed 35.096 lb», per cubic

foot.
The intermediate portion weighed 27.028 lbs. per cubic foot.
The average weight for the whole section was 31.445 lbs. per cubic 

foot before drying and 30.105 lbs. per cubic foot after drying. Besides, 
although it will be very important from a scientific point of view to be able 
to determine the percentage of moisture present, still it should be borne 
in mind that the structural work, as, for example, in bridge», the tim
ber is taken to the site straight from the mill and is never kiln dried. 
Thus the only strength upon which the engineer can depend is the 
strength as it leaves the mill, when there is usually a largo amount of 
moisture present, and this strength of the timber, it is contended, is 
the strength which the engineer requires to know, as upon this strength 
he has to base his calculations.

Exception is taken to the fact that a large number of the compres
sion pieces failed at knots, although the timbers were of first class quality. 
The authcr is not aware that the finding of occasional knots in first 
class timber is at all unusual, and the results certainly justify his 
statements.
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CEMENT TESTING.

By Cecil B. Smith, Ma. E., \.M. Can. Soo.C.E.

This subject has so often been written on, and is being so continually 
and persistently investigated, that it forms, as it were, an inexhaustible 
mine.

But this very feature shows how very important and yet how little 
understood it is, for, when investigators continue to disagree, the 
presumption is, that there is either a lack of agreement as to the basis 
on which the investigations are made, or else a failure, up to the present, 
to solve all the intricate males of the problem, or indeed a combination 
of the two.

To illustrate the first point, a tabular synopsis (Table I) is presented, 
giving the* present standard tests in use, in various countries, according 
to the latest obtainable information. The variations, in many cases, 
are too great to be reconciled, in others trifling; but it is evidently 
difficult to compare results obtained in different countries, and a hope
less task to ever bring them to a uniform standard. What it behooves us, 
as Canadian Engineers, to do is to take such sensible and immediate 
action on the subject as will commend itself to the good graces of all of 
us, if p issible, or, if not, of a great majority of those who test the 
manufactured article.

However, before proposing a mode of conducting such tests as will 
(according to the author’s experience) be of practical utility to practical 
men, the following Table (Table II) is presented to the Society, as 
embodying results which have been obtained during the last two ses
sions, in making ordinary commercial, private an I student tests (chiefly 
commercial and private).

Many results have been discarded as being inaccurate, and only 
those arc recorded here which are believed to be very close to the truth, 
much closer than is ordinarily obtained.
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These results have been classified according to country of manufac-. 
turc, and somewhat on a scale of increasing tensile strength.

Let us consider the various qualities given in their tabular order.
(a) Specific Gravity.
The average of Canadian Portlands =3*11
The average of English Portlands = 3*10
The average of Belgian Portlands =3*055
The average of all Portlands (16) = 3*09.
It would seem advisable, therefore, to specify a minimum for Port

lands of 310.
The samples were not dried or prepared in any way ; if they were 

dried for 15 minutes, according to Eng** * ractice, it is probable they 
would go somewhat higher.

It will be noticed that the only two Portlands (?) whose specific 
gravities were low (Belgians Nos. 16 ami 17) were both poor cements. 
One, No. 16, sets slowly, and the briquettes made for 4 week tests, and 
immersed in water after ‘24 hours, were found sloughed down in the tanks, 
and had evidently run and set over again ! They would not give any 
test to speak of. Evidently the hydraul c property, in 24 hours, was not 
enough to hold them together, while tlio other one (No. 17) failed in the 
blowing test. Altogether, it is doubtful whether these cements arc Port
lands or naturals, although sold as the former, owing to their colour 
being gray.

It will be noticed, with satisfaction, that Canadian Portlands stand 
at the top in specific gravity, judging by the samples tested, which were, 
however, all received from manufacturers.

The specific gravity of natural cements might be placed at 2*95, 
although it is not so likely to be under-run, owing to the ease with 
which this can be obtained.

(It) Water required for standard consistency.
This is considered, by many, to be very important ; but many tests 

have demonstrated to the writer that what is especially needed is that 
there shall be sufficient to make good briquettes; to err, say, 1 per 
cent, in adding water is fatal if too little, while if too much, it docs not 
seem to affect the strength of briquettes at one week, certainly not at 
4 weeks. This is contrary to statements often made regarding the 
increased strength given by a minimum amount of water; but probably 
what is referred to is an excess of water sufficient to make a thin batter 
or soup. Undoubtedly such an amount not only makes the briquettes 
shrink and crack in drying, but will seriously affect the early strength.

7



TABLE I.—STANDARD CEMENT TESTS.

Nationality.
Date
of

Standard.

Authority

Standard.

Weight
per

Bushel or C.F.
Specific

ResiduesChemical Analysis. or
Fineness.

P. c. of Water 
in

Mixing.

Constancy of Vol.
Blowing Test.

Canadian. 1894
Recommend

ed l>y Commit
tee of CSC.E.

Considered to 
be indefinite 
and of little

3 12, 
to > for 

3.25 \ 
Portland.

Not more tha 
Not more tha 

Portland.
Lime 60.05
Silica 24 31
Al&FeO . 10.84 
Mag. " 3.00
Alkalies 1.60

n 2 % Sul. Ac. 
n 5 % Mag.

Natural. Leas than 5
Lime 37.IS on 50 >ieve No. 
Mlica 2S.11 35 -tulibs gauge.
A1. 27.02
Meg. 7.UÜ

Standard consis
tency, rod A" diar. 
.66 lbs. to nearly 
penetrate mortar in 
a box 3" diar. 1J" 
high.

24 hours in water 
at 120° F. and 27 
dvs. in ordinary 
water or Final test, 
24 hours after set
ting in boiling 
water.

English. 1893
Standard 

Practice no Re
gulations.

than 3.10 for 
About 112 fresh or 3.07 

bs. per bushel lor 3 months 
for Portland. old (dried 15

5 % on 80 siev
, . 12 % on I0O “

Recommended 25 % on 150 “
. to , 30 % on 180 “
be made. wire mesli.

Approxima t e 1 y 
25 % Neat 12 % 3 to 
1, Faija mixer.

Same as above, of 
which this is the 
original.

United
State.-. 1885

Recoin m end
ed by À.S C.E
generally used 
and adopted.

(Authority ot 
Clark.) French 
Port 69 per C F, 
English Port 
78 to 87 p. C F 
American Port 
95 per C F.

Net
specified.

ditto
5 to 10 on 50 

sieve tlown to 3 to 
10 % on 176 sieve.

Approxim a t e 1 y 
25 % Neat. Port., 30 

. Neat, Natural, 15 
1 to l, 12 % 3 to 

1 stitf mortar.

1 pat in air 1 
monta lor signs of 
discoloring, 1 pat in 
air till set, then 1 
month in water for 
checking.

German. 18u:i Government
régulations.

370 lbs per 
bbl net.

:U2|
to }■ for 

:i 2.", )
Portland-, in
crease with

ditto
10 % on 76 sieve 

wire •] of mesh.
Same n- the 

Canadian, which is 
a copy of this one.

23 hours in air, 1 
hour boiling, or sub
merged 28 dye., no 
checking in either 
test.

1884
Government

regulations.

1 1 i t r e t o 
weigh within 
31 oz of heav’st 
cement from
same factory 
all sifted thro" 
No. 100 sieve.

Not more than 1 Sul. Ac.
“ “ “ 4 % Fe U2.

When Si. and Al. are less 
than 44 % of lime.

None specified, 
argneil that tine 
grinding gives
nigh strength in 
periods of tests 
chiefly, which dis
appeared liter on.

Sea water, stand* 
a r d cousis tency 
round hall dropped 
20" on slab to re
tain its general form 
without cracks.

Pat in sea water 
(f) davs, no crack
ing or bulging.

Austrian.

Cem
ent Tenting



TABLE I.—STANDARD CEMENT TESTS.—Continued.

Tensile Strength. Compressive Strength. Setting Quality.

Neat. l to 1. 3 to 1. x«“- l to 1. 3 to 1. How determined. How defined.

Not yet 
year later.

specified, to be reported on 1
Gilmores’ needles 

incipient to bear TV' 
diar. £ lb. full set to 
bear ft” diar. 1 lb.

1 week 300-400
1 mo. 480 050

3 davs 110
1 week 120-220
1 mo. 200-350

Vi cat’s needles
incipient set to bear 
66 lbs. to not quite 
penetrate full set to 
hear up same nee
dle.

2 hours or more 
slow setting, less 
time quick setting.

Natural
1 day 40-80
1 week 60-100
1 mo. 100-150
1 year 300-400.

Portland
1 day 100 140
1 week 250 550
1 mo. 350-700
1 year 450-800.

Natural
1 week 30-50
1 mo. 50-80.
1 year 200-300

Portland
1 week 80-125
1 mo. 100-200
1 year 200-350

Gilmore’s
needles.

1 mo. 227A 1 mo. 2275 Vicat’s needles. Same as English.

Minimum.
1 week 285
1 mo. 498
3 months 640 ; to 

show 25 % increase 
1 week to 1 month.

Minimum.
1 week 114
1 mo. 213
3 moe. 2 •<»

Vicat’s needles.

Incipient to be 
not less than 30' full 
-et to be not less 
than 3 lire, or more 
than 12 lire.

1 week 114
1 mo. 171

240 
Cem

ent Testing.



Kind of sand used. How put in Moulds. Hate of loading 
in tensile tests.

Time in air 
before immersions.

No. of tests used 
for Averages. Time of Mixing.

Wearing
Qualities.

Standard crushed 
quartz to all pass 
No. 20 sieve all 
caught on No. 30 
sieve.

10 lbs. per sq. in. 
steady pressure.

200 lbs. per 
minute. 24 lire.

Not stated, 
probably

5

1 min. for quick 
setting, 2 minutes 
for slow setting, me
chanical mixer.

ditto

10 lbs. on briquette 
for5 min., or shaken 
in moulds or beaten 
with trowel for 1 
min.

400 lbs. per 
minute. 24 hre. 5 1 minute or more, 

mechanical mixer.

ditto
Pressed in with 

trowel without ram
ming.

ditto 24 hrs.
5 1 minute or more,

Smallest hand or mechanical
section only, mixing.

Standard crushed 
quartz, * to pass 20, 
caught on 30. 4 to
pass 30, caught on 
38 sieves.

Bohnies’ appara
tus, 150 blows with 
trip hammer weigh
ing 4.4 lbs.

13 lbs. per 
minute. 24 hrs.

1 minute for
2Q quick setting,3 min

for slow setting 
cements.

1 to 1 and 2 to
1 give higher 
results than neat 
or 3 to 1 tough 
at 7 days as at 
20 days.

Crushed Cher
bourg quartz pass 
No. 20 caught on 
No. 30 sieves.

Filled in and 
tamped with ram
mer weighing 7 oz. 
till water stands on

Not specified.
24 lire, then in 

.< a water uf 59° 
to 64° F.

6
Mean of 3 

highest taken.

5 minutes by hand 
on a slab, temp, of 
air 59° to 64e F.

!
10

Mean of 6 
highest taken.

Adhesive
(Qualities.

Mr. Mann 
1 week 57 
1 mo. 78 
3 nio8- 98 
Finen ess 
great effect.

Advised to be 
still reported on 
and investigat’d, 

lie made on

punojiU
:
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A very peculiar effect was met with in two Canadian and one English 
Portlands. They were evidently fresh, and when mixed with a 
normal amount of water would work into a good plastic mass, but in 
about 1 to 2 minutes after the water was added, they would sud
denly set, so hard that it was useless, to attempt to put them in the 
moulds.

By increasing the per cent, of water to about 30, a thin batter 
was made, which could be got into the moulds before this action took 
place ; of course this amount of water made the set very slow, and dead
ened the indurating action in 1 -reek tests.

When tests were made, several weeks later, on these cements, this 
effect had disappeared ; perhaps someone connected with the industry 
can explain the cause of this action.

(c) Residua or Fineness.
The variation is enormous, as the following statement shows :—

Kcsi.ltiv on No. Henitiue on No. l{vnidiie tm No.
50 Sieve 80 Sieve. 120 Sieve.

Convuest 3M 62-2 <>12
Finest 0*25 27 6-7

The Knglish Portlands are generally very coarse, us will be seen, and 
the selected Canadian ... -s line.

It is not putting it i<o severely to say that specifying accrtaiu residue 
on No. 50 sieve is a u -eet premium on coarse grinding, and so, in fact 
are neat tensile tests.

For instance, English brands No. 10, No. 11, No. 12, No. 13 and 
Nos. 14 A, 14 B, arc all evidently ground to pass a specification of 5 
per cent, residue on No. 30 sieve, and are all very coarse when sifted 
on finer ones, thus plainly showing the failure of the specification to 
obtain as good a product as possible.

The author would urge th) severest requirements for fineness.
Various papers read and the statements of manufacturers themselves 

go to show that the increased cost is very slight, not more than 10c. per 
bbl. between ordinary and fine grinding,

10 per cent, residue on No. 80 sieve j as maximums arc not too20 percent, residue on No. 120 sieve ; 
high ‘or present facilities for fine grinding ; this would let in 3 out of 4 
Canadian Portlands tested, 1 out of 10 English Portlands tested, 2 out 
of 4 Belgian Portlands tested, or in all 6 out of 18 brands. There are 
signs, however, that the English manufacturers are waking up to finer
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TABLE II.
CONDENSED TABLE OF CEMENT TESTS 1893-1894

Designation .= <C 
of 1 -.0

Origin.

H3V .

S o 
-=> &
O

o AU3"
5 >
2S.JB

S-y | 
ti- 
c5 —
S 5 =

B

No.
20

esidue % c 
Sieves.

Nod No. 
50 ! 80

in

No.
120

Blowing
test

result.

Time of setting 
in air.

Average Tensile Strength in lbs. per sq. in. 

Neat Cement.
Ave

1 to L

rage Tens

1* to 1.

ile Strength in lbs. per sq. in.

2 to 1. 3 to 1
Incipient Full. dys.

l
wk.

£
wks wks

4
wks

2
mos

3
111 OP

4
mos

ti
mos

l
year

1
wk.

2
wks

4
wks

2 3
mos mos

4
mos

ti
mos

1
month.

1
wk.

4
wks

2
lllOs IllOh

4
mos

ti
mos wk.

2
wks

4
wks.

2
dm

t anadian N 
Canadian N 
Canadian P 
Canadian P 
Canadian P 
Canadian P 
Canadian P 
Canadian P 
Canadian P

1
2
3
4
5
6
tin
66
6c
7

Dealer
Maker
Maker
Maker
Maker
Maker
Dealer
Dealer
Dealer

3-01
.2-96
3-12
3 12 
3-09 
3-12

33
33*
256
26
25
24
24
24
23
•J'J

0
0
0
0
0
0
0
0
0

7 2
2- 9 
1-1 
0-8 
0-6 
0-9
3- 0 
2-3

31-4

12 5 
11-7 
14-2 
2-7
5- 5
6- 4 

13-6 
27-0 
52 • '2

18-3
21*4
31*2

6-7
13*2
13*2
20-7
40-7
61-2

very good 
good 
good 
good 
good 
good

very good 
fair 
bad

4°00'
0°45'
5°00/
0°37'
1°(I0'
4°30'
2W

7°45'
2°45'

20°00'
3° 10' 
5°00' 
6°00' 
6*30'

78
99

125
335
278
438
312
300
253

71 
150 
210 
388 
399 
588 
631 
307 
261

....

124
268
356
525
459
671
611

226
377 *448

....

....

478 492
68
76

102
116

125
158 ‘in ‘i:! io.3 Î32

....

30
49
43

106 ....

72"
75
92

126

English P 
English P 
English P
English P
English P 
English P 
English P 
English P 
English P

8
9

10
11
12
13
14 
14a 
146

Dealer
Dealer
1 tealer 
Dealer 
Dealer 
Dealer 
Dealer 
Dealer 
Dealer

sTo
3 09 
3-10 
3-08 
3-11 
3-13
3 13
3 12 
3-05

25
26 
23*
23
24 
24* 
24
23
23

0
0
0
0
0
0
0
0
0
0

10*5
14-0
1-4
6-7
4-0
4-2
4- 5 

0-25
5- 6 
5-3

21 Mi 
28-4 
12-8 
19-2 
14-2 
19-5 
17-3 
50 

209 
19-7

39-5 
22 * 9 
26-6 
23*1 
28-5 
26-3 
12-9 
30-5 
30-1

good
good
good
good
good
good

bad
very good 

bad
some bad

3°2l,/ 6°30'
13' 2 00'
25' 50'
30' 1W
25' 3°00'
20' I on'
21 ' 2 30'
27' 3’05'
20' •» 30'

—
160

390
260
336
244
335

304

230
411
420
386 
477 
362 
344
387 
343 
309

372
396

444
350

331
528
453
552
504
547
422
495
469
440

5CÔ "037 627 644
232
192

345 lit;
204 245 253 257 "53*1

.............
isi 198 "iso 196 ’ 189 271

55
95
72

’*60“
54
34

*79
64

136“
115
96

102"
90

154

"iti

Belgian N
Belgian P
Belgian P
Belgian P
Belgian P

15
16
17
18 
19

Dealer
Dealer
Dealer
Dealer
Agent

2 97
3 03 
3-02
3 09 
3-08

30
26*
26
27
25

0
0
0
0
0

1- l
2- 2 
31 
0-3 
0-9

154
12-4
12-9
2-8
6-2

194
20-6
20-1
9-4

15-8

very good 
good 

bad 
good 
good

niu'
5*00'
rio'
1*20'
2°40'

2 30' 
12°00' 
6*00' 
4°50' 
7°4 0'

151
2.32
328
255
452

210
332
394
360
536

....
285
Fl’d
487
492
526

....
;;;; 134 195

....
....

.............

48

126

77

207

....

133

....

Total.. . .

20
21
22
23 .........

..........

26
25 T *4*0 iô-8

.... .............. ............
i 52 

.... 345 •iso
m

485
545 ....

533
648
606
593

.... ....

....
...

.... ..........
— ....

....
.......

TABLE II.

CONDENSED TABLE OF CEMENT TESTS. 1893-1894.

Average Tensile Strength in ILs. per sq. in 

1* to 1. 2 to 1.
Average Compressive Strength I be. per eq in 

Neat Cement
Transverse Strength.1 to 1.

1 to 1. 2 to 1. Neat l"xl" broken on ti" centres3 to 1.
month. mos. mos

1 lie sand briquettes were lightly tamped with a small iron rammer.—C. 15. S.
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grinding, and will «-Kin full into line; tlieve is no reason why educating 
influences should not bring grinding down much finer still for ordinary 
brands, hut for the present, too much severity would defeat the object 
in view. ■, For tests on the effect of fine grinding, see Series I of Kx- 
per intents)

(d) The time of incipient and final set, ns Ibun 1 by Gilmore's 
needles, does not seem to affect the strength, except for very short tests. 
When the slow settings are generally stronger, good cements may be 
cithci the one or the other ; but ordinarily, unless for tidal work, a slew 
setting one has the desirable feature of allowing masons to mix and use 
good siied batches of mortar, without constant tampering, which is the 
practice with quick setting ones, much to their own hurt.

(e) The blowing test advised by Faija. has detected a “ blowcy" 
tendency in several instances ; but much late evidence seem to throw 
some discredit on blowing tests, whether m ide with hot or boiling water, 
on theground that manufacturers can, by the addition of sulphate of 
lime, cause the cement to be so slow setting and set so strongly as to 
resist the blowing tendency of so much as 3 per cent, of free lime 
added alter the cement had been burnt. If this is a fact, chemical 
analysis will need to be resorted to more frequently, to detect this dan
gerous adulteration which is fatal in sea water and bad in any case, as 
the great strength which it gives to cements at early dates is apt to 
decrease at longer periods. Belgian No. 19 cement tested gave higher 
results at 1 week than at 4 weeks ; this looks a little suspicious.

Cements have been tested usually neat ; the Germans have reached 
the stage of 3 to 1 mixtures as the deciding test, and this would seem 
to lie the only rational way of testing a cement, i.e., in the same condi
tion as it is used.

The difficulty, however—and it is a very serious one—has been to get 
anything like uniform results in sand tests. The variation in putting 
the mortar in the moulds has been so much more than the variation in 
the cementing value of the cement that the tests were valueless, so 
that most testers have clung to neat tests as being simple and a fair index 
of cementing qualities. That this view is in fault, and misleading, every 
tester will admit, and it is only partly avoiding the difficulty to specify 
a certain fineness, strength and specific gravity in combination, and even 
then the results are not definite, as each cement is different in value. 
However, for those who have facilities for testing cement neat only,— 
and these will probably be in the majority for some time to come—it would 
seem that 3511 lbs. at 1 week neat and 450 lbs. at 4 weeks neat are easily
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obtained, mid quite cm nigh to specify. 11 brands tested would give this 
much strengli and stand the blowing test, and of these there are ti brands 
fine enough lor 10 p.e. residue on 80 sieve and 20 p.e. residue on 120 
sieve, with a specific gravity varying from 308 to 313, while the six 
brands which are not strong enough are also too coarse.

The tests on natural cements arc not extensive enough to form a good 
basis, but it would seem easy to get 100 lbs. neat at 1 week and 200 lbs. 
mat at 4 weeks, and a fineness the same as lor Portlands.

The tests on No. 2 natural : nd No. 11 Portland were carried on for 
6 months, and show the natural to be gaining on the Portland, although 
each has evidently nearly reached a maximum. This would seem to bear 
out the idea which many 1 people yet have, that, in time, a natural 
cement not being so brittle will catch up to a Portland. Long time tests 
are very much needed on this subject.

Natural cements being underburnt (usually) have very much less 
combining power with sand ; the 1 to 1 natural is not as strong as 2 to 
1 Portland, according to tests made last year as per Table II, in which 
the mixtures weie n ade with 15 p.e. of water lor 1 to 1, and 12 p.e. 
of water for 3 to 1 mixtures, the mortars being lightly tamped into the 
mould with an iron rammer ; the tests made this year, however, by 
means of a uniform pressure, give much higher results for l to 1 na
turals, when 20 p.e. of water is used, which would seem to be nearer 
to the amount used in practice, making a soft plastic mortar. (See pres
sure tests.)

Natural cement has many uses. It is being passed aside in many 
quarters,—why ? because if immerted in miter for 1 week or 4 weeks, 
it will give low tensile tests. That terror of the present day, the test
ing machine, condemns it.

Now there are many occasions where it would not be wise to use any
thing but the best Portlands—such as laying mortar in extreme frost, 
or where/great immediate strength is required, or for subaqueous 
work generally, but, on the other hand, no one doubts the durability of 
good natural cement. Works in Europe hundreds of years old, and 
all the work done in the United States at d Canada picvious to 30 years
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ago, arc built with such mortars, anil stand ns witnesses of their last
ing qualities.

Moreover, tests made on No. 1 natural cement (see Series III frost 
tests) show that while it cannot he immediately exposed to extreme 
cold, yet when it is exposed, after it has set, it will resist frost 
thoroughly, mid become stronger tliun if immersed in water at an ordi
nary temperature. There are thousands of situations, where natural 
cornent mortar, 1 cement, 2 sand, will be found amply strong for the 
purposes required, in which case it will he found cheaper than Portland 
mortar, 1 cement, 3 sand. Referring ahead to Series III (frost), it will be 
seen that if mortars are tested in open air, the Portlands are weaker and 
naturals stronger than if the briquettes had been under water. This is 
a point of much importance, because if work is to be done which will 
not usually be submerged, as in damp foundations, abutments on 
land, culverts, etc., then tests made in open air will give results more 
favourable to naturals. In so many words our standard tests say : “ Let 
us test all hydraulic cements under water ; whether the mortar as used 
will be so or not re will boon the safe side.” This, as a generality, 
is doubtless b> hut if we consider what a large proportion of cement 
is used in sin ns usually not submerged, it would seem more rational 
to test ci i under conditions similar to those under which they 
are to be used in each case, be it in water or'air.

As before mentioned, all the sand tests given in the Table (Table II) 
were made by lamping the mortar lightly into the moulds with an 
iron rammer weighing about £ lb. and 4 inch square section.

This has been done in as nearly a uniform manner as possible. About 3 
layers were tamped, and then a 4th layer smoothed off with a spatula. 
Every effort was directed toward uniformity in metliol, and, doubtless, 
some degree of accuracy was obtained ; but it was felt that the best pos
sible would only enable comparisons to be made in this laboratory, it 
would untenable any to be made with results obtained elsewhere.

The Cement Committee of the Society (of which the writer was made 
a member, by invitation) advised that tests should be made under a pres
sure of 10 lbs. per sq. inch. It was not defined at the time whether this 
applied to sand tests only or to neat tests also ; but the necessity lor pres
sure is not so great in neat test», because anyone with ordinary skill and 
practice can make a good neat briquette, and a light pressure will not 
affect the result much, as will be shown farther on.

In November last the moulds for applying pressure (see drawings), 
which were from a design of the writer’s, modified by Mr. Withycombe,

Q
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were completed, and since then several hundred briquettes have been 
made with them. It would seem a simple matter to mix up mortar, put 
it under a plunger, and by putting on 10 lbs. per sq. inch, make bri
quettes ; but theory and practice must be fellow labourers. Now, 12 p.c. 
of water is considered the correct thine in 3 to 1 mixtures, but with 
this amount, the mortar would not pack at all in a closed mould under 
so light a dead pressure, and it is light dead pressure that is wanted ; 
even 20 lbs. per sq. inch was of no greater effect, then 15 p.c. of water was 
tried, with very little better results.

It was finally concluded to try several series with different percent
ages of water, and thereby determine the best per cent, for making a 
good briquette.

These series (see Table III) ran from 15 p.c. to 25 p.c. of water, 
and were for 10 lbs. and 20 lbs. pressure per sq. in. for 1 week and 4 
weeks, and each result tabulated is the average of 5 briquettes, and 
the whole table the result of 77 experiments, or 385 briquettes.

The result, to the author's mind, is definite, 20 p.o. of water is just 
sufficient to make a plastic mortar, so that a good briquette can be 
formed while more water tends to drown the cement and make it 
weaker at both the 1 week and 4 week tests, although longer tests 
would probably show a recovery in this respect.

This 20 p c. applies to 1 to 1 and 3 to 1 mixtures, and will probably 
bo about right for 2 to 1 also, if it is desired to make such tests. 
It is conclusive from the table that if any standard test under light 
pressure is to be adopted for sand tests, 20 p.c. of water must be pre
scribed as a definite part of the test, and in this way perfect uniformity 
obtained. It is understood that the sand used is standard sand dry 
and sharp, a finer or rounder sand would allow less water to be used. 
This amount of water, while greater than that usually given by authori
ties whose method of m iking sand briquettes is by some severe ham
mering process (e.q. German) is still close to the amount used in 
practice.

What we want, it seems, is, first of all, a uniform method capable of 
application in any part of the Dominion ; after that we want it to 
approach as nearly as possible to actual usage, and fortunately the two 
conditions arc in harmony with each other. Even at the risk of repe
tition, it is worth saying again, that plastic mortar made with 20 p.o. 
of water is close to practice, and will give regular and accurate tests if 
put into moulds under light pressure. The amount of this pressure does 
not seem to be of such great importance, but 20 lbs. per sip inch gives



TABLE III.
TESTED IN TENSION. PRESSURE SAND TESTS.

Brand Mix- Zof
Pres-

per 
sq. in.

1 week testa, 1 air, 6 water. 4 week tests, 1 air, 27 water.
lbs. per sq. in. W’t ? .2 

il
12*63
7*98
8*62
9-88

S K«e 
"1"- 
£i8

lbs. per sq. in. Weig’t

tested 
in oz.

Ï X =
*4 2.

à =

ihsa
lit

High-
est.

Low
est. age. High

est. age.

No. 2 1 to 1 IS
17i
20
22J

10
10
10
10

45
165
130
123

23
106
94

106

324
136
117
1134

4 56
5 26
6 66 
5*54

3-98
4*84
5 08 
4*99

410*4
1085-3
1008*6
1124*4

71
282
292
258

39
205
239
200

69
2391
265j
V35

4 04 
5*32 
6 52 
6*49

401
4-95
517
5 12

13-49 
7-03 
6 34 
6-74

795-9
16X3-7
1683-2
1583-9

No. 2 1 to 1 15
17*
20
22j

20
20
20
20

47
144
157
126

42
111
90

110

431
1261
114"
119

4*79
5*37
6-67
6*64

405
4-92
5 13
5 03

15*52
8*38
9*63
9*28

675 1 
1060*0 
1097-8 
1104*.

95
218
297
295

70
160
212
234

84
1761
261
262

4-99 
5 27 
5 62 
5 56

4-22
4- 83
5- 28 
5-21

15 40 
8-35 
6 12 
6*29

1293-6 
1473-7 
1615-6 
1648 0

No. 15 1 to 1 15
17*
20
224

10
10
10
10

86
60

149
129

40
37

108
120

624
52

133
126

4 92 
614 
5*60
5 68

4-42
4- 60
5- 12 
5-19

10 46 
10*50 
8*46 
8*76

653-7 
546-0 

11251 
1095 1

112 98 104 6 04 4*41 12*50 1300*0

No. 16 1 to 1 15
17*
20
22*

20
20
20

49
184
146

42
145
114
108

46
1664
136'.
118

4 94 
6 62
5 63 
572

418
5-28
517
5 25

15-46
6-61
8-20
8-22

695-7
1100*5
1111*1
970*0
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TESTED IN TENSION PRESSURE SAND TESTS— Continued

1 week tests, 1 air, C water. 4 week tests, l air, 27 water.

Mix- % of sure lbs. perpq in. W’t 3 à i g lbs per sq in. 1 Weig't 1 «à c I
Fq^in. Hie'" Low- A ver tested

II - High- Low- Aver- “-Is. •si 2-5 8est. est. a-e- s t Ï — SB est. est. age. in oz. L. ^ > ^ v v

No. 16 3 to 1 15 10 20 14 16} 4-75 4 03 15.21 251-0 35 10 28 4 61 3-88 15-88 444-6
17» 10 12 7 4 59 3 02 14-66 102-6 48 32 40 4 60 4 15 11-03 441*2
20 10 13 7 11 4 73 4 17 11-79 120-7 23 6 16 4 86 4.24 12-75 191-2

No. 15 3 to 1 15 20 23 9 16 4 64 3 97 14-48 231-7 55 28 38 4 50 401 1215 161-7
171 20 7 2 X • 23 361 -8
20 20 17 8 121 4-85 4*28 11-75 146 0 28 19 24 ‘ 4 89 4-36 io-80 259-2

No. 9 3 to 1 15 10 25 14 1» 4 37 3-81 12-77 242 «il 58 63 4-54 3-80 14-24 897 ■ 1
17} 10 35 1* 27 4 49 4*07 0-35 252-4 106 92 96 4-72 4-24 1017 076-3
20 10 27 20 21 4 08 408 12-01 303-4 134 101 120 4 05 418 1014 1218-8
221 10 27 22 24' 4 85 4-23 12-80 3151 88 74 79 4 70 4-16 11-49 007-7
25 10 11 8 10 4 81 4 13 14 13 141 a 53 33 40' 4-73 4 11 1318 012 0

No. 9 3 to 1 15 20 37 33 34 4 66 4*05 13-22 450-:J 86 62 71} 4-69 4* 15 12 22 873-7
17} 20 33 20 27 A 4 53 410 0-54 262 124 103 1 14 4 75 4-27 10-15 1162-1
20 20 20 25 20Â 4 8 4 10 12-78 338 7 143 109 127 4 69 4-20 0*17 1104-5
22.1 20 25 22 23 4 86 4 27 12-OG 277-4 103 87 951 4 81 4-28 11-02 1052-4
25 20 27 22 26 4-83 4*18 12-89 324-4 53 44 49 4 70 409 12-94 034 1

No. 10 .1 to 1 15 10 37 30 341 4-70 4-18 11-07 381-9 59 51 R51 4-72 4-18 12-27 681-0
17} 10 43 22 31} 4 87 412 11-G9 368 2 87 63 70 4 84 1-35 10-0.1 703-5
20 10 48 32 371 4-79 4-24 11-41 427-fc 65 62 eu; 4-89 4-32 11-68 7410
22} 10 34 27 30 4-95 4*33 12-45 373-5 50 38 441 4 88 4 22 13-48 ooo-o
25 10 33 15 23} 492 4 27 13-14 308-7 1 34 23 28Â 4-86 4-15 12-04 368*8

No. 10 3 to 1 15 20 41 27 33} 4 68 411 12-18 408-0 67 52 61 4-95 4-40 11-04 673-4
17} 20 37 1G 27 4 05 4 08 1213 327-5 88 47 68 4 84 4-31 10-9f 715-3
20 20 42 31 35 4 82 4-24 11-0G 424-5 84 56 71 4 97 4-42 11-03| 783-1
22} 20 36 23 29' 4-90 4-2S 12-65 373-1 85 70 75 4 90 4-35 11-231 842-2
25 20 33 27 31 5 00 4*35 13 06 403-0 | 58 34 48 4-85 4.27 11-92 572-2

to
a-
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rather sharper-edged briquettes, with about the same variation in uni
formity and the same tensile strength per sq. inch. This is equivalent 
to 20 feet of masonry, which, of course, is more than practice would 
give ; but the tests do not vary to any extent when compared with those 
made with 10 lbs. per sq. inch. Therefore it is not deemed of sufficient 
importance to sacrifice good manual results. Therefore, 20 lbs. per 
sq. inch pressure and 20 p.o. water was adopted about 1 month ago, 
and the following results obtained (Table IV) ; this table wil be com
pleted in a few months, when it is intended to complete this paper by 
additional results on pressure, frost and pier tests.

Whether the future will bring sand tests to greater uniformity than 
this remains to be seen,; but it is believed that, in this way, the sand 
combining qualities of cements can be compared with accuracy with 
one another, and in future such will bo the method adopted in the 
cement laboratory at McGill, subject to the modifications of our cement 
committee.

It is earnestly to be desired that a code of tests be formulated at 
once, and all members urged to test under this code. Let all cements 
stand or fall under it. In the contest it is believed that Canadian 
cements can be as good as the best ; but to do this, there must be reform 
on some sides, so that tests made from outputs will show a greater 
regularity, and cause the cement to commend itself to the consumers of 
the article.

COMPRESSIVE TESTS.

These are doubtless more vduible than tensile ones, in the sense 
that we use mortar usually in compression. There arc several reasons, 
however, why such tests are not really needed :—

(1) Because th; strong machinery needed would not be generally 
available ;

(2) Because the o impressive strength, after all, varies quite regu
larly with the tensile, being 5 to 6 times as great at 1 week or 4 weeks 
and gradually increasing to 9 to 10 times as great at a year, because 
by this time the cement is becoming brittle and has attained its maxi
mum tensile strength. This is more particularly true of Portland 
cements, as naturals do not get so brittle ;

(3) Because the compressive strength of cement mortar is so great 
that we need seldom concern ourselves with it, but should rather know, 
the adhesive and tensile strengths should they ever be called into play 
and, moreover, the strength of mortar in thin joints is much greater than



TABLE IV.
CONDENSED SUMMARY OF PRESSURE SAND TESTS. 

Put in Moulds with 20 % water, 20 II». per sq. in.

1 week tests, 1 air, 6 water.

Brand Mix
ture.

lbs per sq in.

gh
t w

he
n

le
t-t

al
. e 5-

i. y ed

High- Low- Aver-
2 » £.2 

*3 *
o'©
3 O

est. est. age. f £* 1 *

No. 1 1 to 1 75 46 58 5 25 4-55 13-33 773-1
No. 2 l to 1 157 90 114 5 Ri 5 13 9-63 1097-8
No. 15 1 to l 146 114 135! 5 63 517 8-20 1111-1
No. 15 3 to 1 17 8 12! 4 85 4-28 11-75 146-9
No. 3 3 to 1 19 8 13 4 744-17 12-06 156-8

No. 9 3 to 1 29 25 26! 4 80 4 -19 12-78 338-7
No. 10 3 to 1 42 31 35 4 82 4-24 11-96 424 5
No. 8 
No. 5

3 to 1 34 25 30!
143 to 1 15 12 4 7 412

4*37
13-70 191-8

No. 4 3 to 1 52 30 39! 11-58 457-4
No. 19 3 to l 77 58 69'. 4-09 14-61 1015-3
No. 6 3 to 1 83 74 76 3-97 16-84 1313-5
No. 11 3 to 1 25 15 19 413 9-51 180 7
No.14a 3 to 1 15 8 10! 4 6 .... .......... .......... II

4 week tests, 1 air, 27 dye. water.

lbs. per sq. in.

High
est.

Aver 1 
age.

102
297

80
212 264

28 19 24
52 37 47

143 109 127
84 56 71
85 75 80
58 43

118 83
143 101
139 118 128
46 37 411
36 24 30

11-73
1615-6

10-80
620-013-20

1164-5
783-211-03
924-0 
750-n 

1087-7

11-55 
15 01 
10-56

12-65
576-8
442-814-76

REMARKS.

Temp, of air, 60e F.
“ “ 60° F.

“ 61° F.
.. f 60° F. (1)

169° F. (2) 
«• 63° F.

t 65° F. (1)
1 58° F. (2)

.. I 68° F. (1)
1 59° F. (2)

■■ 54° F.
•• 74° F.
-• 61° F.
•• 65° F.
•« 64° F.
•• 48° F.
•' 53° F.
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in cubes. Tests on cubes always go higher for small cubes than fbr 
large ones. (See also Series (IV«) tests of mortar joints in brick 
piers.)

TRANSVERSE TESTS

Have often been advocated, and the machinery needed may be quite 
simple ; but there are two objections which would preclude there being 
any great value in such tests :—

(1) Because the coefficients of rupture in transverse testing are 
known to lie at fault in not really indicating the tensile strength of 
the outer layer or fibre ; this could possibly be avoided by determining 
certain corrections as a thesis paper to the Engineering Netrs pointed 
out ;

(2) The main objection is that a flaw of a very slight amount may 
be objectionable in such tests if situated near the tension lace. Any 
cement tester knows that bubbles will occur. They may he very 
minute, or if of any size may be deducted in tensile tests, while in 
transverse tests, who could determine the correction to be made ? Also 
tests made show that if tested upside down from position moulded, the 
results are higher than when tested as moulded. Altogether, this 
method of testing does not seem to commend itself to general use.

To conclude the subject of ordinary testing for commercial purposes, 
and with the addition of chemical analysis where available for scien
tific ones also, the following seems to be a good basis to work on, that 4 
tests should be made in combination :—

(1) Specific gravity 3.10 for Portlands, 2.95 for Naturals.
(2) Blowing test. In the absence of really final knowledge on the 

subject to continue to specify pats in steam at 115°F. for four hours, 
in water at 115°F. for twenty hours, at which time if the pats arc stuck 
tight to the ground glass, the cement may be considered safe, while if it 
has loosened from the plate but has not yet cracked or warped, it may 
be immersed again for 24 hours at 115°F., or else placed in water of or
dinary temperature for 4 weeks, after which, if no further signs have 
developed the cement may be considered safe.

(3) Fi neness :—

10 p.c. residue on No. 80 sieve 
and 20 p.c. " “ “120“

| as maximum.
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(4) Tensile strength '■—
Portland. Naturals

Minimum neat 3 days 250 75
“ “ 1 week 350 100
“ “ 4 weeks 4a0 200

1 to 1 and 3 to 1 san 1 tests with 20 p.c. water, and 20 lbs. per sq.
inch pressure to be determined by tests made and results furnished 
within the next year.

Stilt IKS I.

SPECIAL TESTS.

On the effect of fine grinding :—
(а) 2 ox. cement pas-ing No. 120 sieve..........Cement

2 oi. “ caught on No. 120 sieve")
2 oi. “ “ “ No. 80 sieve V....... Sand
2 oi. sand \

tested at 4 weeks gave 165 lbs., while
2 oi. cement passing No. 120 Sieve...........Cement
G oi. sand........................................................ Sand

gave 121 lbs. tested at the same age.

Thus, if in the first instance we consider all but the finest as sand, 
then our result is only 35 percent, higher than the 2nd mixture, show
ing of how little value the coarser particles were.

(б) No. 8 English Portland (very coarse) gave in ordinary test 414 
lbs. 1 week neat, 528 lbs. 4 weeks neat ; but when all the particles 
caught on No. 80 sieve were rejected, the results were 303 lbs. in 1 
week, 484 lbs. in 4 weeks, demonstrating the well-known fact that 
neat tests of Portlands operate against fine grinding, and therefore 
should be considered only in connection with fineness and specific gravity.

(e) Equal portions (same brand) of residues on No. 50 au 1 No. 80 
sieve were mixed with 224 per cent, water, and gave 262 lbs. in 1 week 
anl 324 lbs. in 4 weeks, which is very surprising, and can only bo 
accounted for on the ground that the dust of cement clinging on to the 
coarse particles was sufficient to hold them together, or else that the 
mechanical action of mixing tho mortar broke up many coarse particles 
into finer ones.

(<f) To show the superior value of fine cement in sand mixtures, tho 
following results have been obtained :—
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These results should be a convincing argument to users of Portland 
cement, that fine grinding is worth Raying for, because the finer tin- 
same cement the greater its sand-carrying value is.

Tho only partial exception in the above results is No. 2 natural. 
This is either erratic, being, however, duplicated, or if not, is easily ac 
counted for. An underburnt cement is easily ground, and therefore is
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not apt to be well ground ; very easy grinding will make it fine enough, 
and the better burnt particles being a little better burnt are, therefore, 
harder and escape grinding ; but these particles, not being very hard, ore 
probably btuised up in mixing, and form the best part of the cementing 
substance ; therefore, when those are sifted out, the underburnt fine par
ticle has not as great a cementing value as the mixture would have 
unsifted. On the other band, the coarse particles iu Portland cement 
are much border, and arc’alwavs a detriment in a sand mixture.

SERIES It.

HOT WATER TESTS.

(a) No. 1 Natural cement neat, 2 months old, gave when tested the 
following results :—
(1) Water at temperature 52°F., 226 lbs. average.
(2) *• “ » 122°F., 250 lbs. average.

(i) No. 1 Natural cement 1 to 1, 2 months old, gave when tested 
the following results :—
(1) Water at temperature 47°F., 125 lbs. average.
(2) “ “ “ 1I8°F., 129 lbs. average.

(e) No. 4 Portland, neat, 1 month old, gave when tested the fol
lowing results:—
(1) Water at temperature 65°F., 533 lbs. overage.
(2) “ “ “ 118'F., 616 lbs. average.
(3) “ “ “ 186°F., 656 lbs. average.

(<f) No. 4 Portland, 3 to 1, 1 month old, gave when tested the fol-
ing results :—
(1) Water at temperature 66°F , 81 lbs. average.
(2) “ “ “ 183°F, 81 lbs. average.

These tests, which lire very un iform, indicate that lor either natural 
or Portland cements tested neat or with sand, there is a slight gain in 
strength, by using hot water in mixing.

The advantage being that for exposure to frost the cement will set 
quicker and resist the frost action better. By referring ahead to frost 
tests, it will be seen that cements exposed at about same temperature 
(natural cement only tested with hot water in frost) gave much h igher 
results when mixed with hot water, being in ratio, 94 to 0 for neat 
cement No. 1 Natural, and 117 to 44 for 1 to 1 cement No. 1 Natural.
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SERIES III.

FROST OR EXPOSURE TESTS.

This series consisted of various investigations into the strength of 
mortars when mixed with different c mditions of water and under dif
ferent exposures, reference being particularly made to frost. All tests 
were made in quadruplicate.

The 1st set was submerged, after 24 hours, in water of laboratory 
tanks ;

The 2nd set was kept on damp boards in a closed tank for the whole 
period, and never allowed to dry out;

The 3rd set was allowed to set in the laboratory, and then exposed 
to the severe frost and left in open air for the whole period ;

The 4th set were exposed in from 8 to 10 minutes to the severe 
frost, and left there for the whole period, except to take them out of the 
moulds when they were set or frozen.

77T

curé tn&n
xbfrnax

Table V is here given, showing the results obtained, and accompany
ing it is a temperature chart showing the weather to which these mix
tures were exposed during their whole period.

It will be noticed that these tests were purposely made in cold snaps 
so as to make the tests as severe as possible.

It would appear improbable that mortar immediately exposed to 
severe frost would become stronger than that allowed to set in a warm 
atmosphere, but the results of all the Portland cement tests, both in 
tension and compression (with one exception) assert it; and also that 
those allowed to set in the laboratory, and then exposed continually, are 
the weakest of all the 4 conditions treated of. This would go far to dis
pute the advisability of covering up mortar laid in frosty weather.
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tests.
Remarks.

No. 11.
Portland

Neat.
2 moe. 602 471 282 334

Dec. 6th 
to

Feb. 6th.
+23'F. +22‘F. 30' (3) 

12' (4) 25' 16

1 to 1. “ 377 276 194 233 3200 1780 1600 1900
Dec. 11th

to
Feb. 11th.

+5.°F. +3i°F. 40' (3) 
8' (4) 35' 20

2 to 1. «■ 168 150 105 in 800 720 660 440
Dec. 12th

to
Feb. 12th.

- i"F. 0°F. 40' (3) 
10' (4) 37' 24

3 to 1. •• 104 86 92 97 300 520 230 300
Dec. 13th

to
Feb. 13th.

-5‘F. -6"F 1°27'(3) ... 
10* (4) 1 25 24

Nos. 3 ami 4 show
ed irregular and in
jured fractures.

No. T.
Natural

Neat.
«• 226 221 349 0 1600 1500 2300 1390

Jan. 12th
to

Mar. 12th.
42" F. +5 F. 4° 15/ (3) .....

11, (4) 4 1j 24
No. 4 tension 

completely blown 
in fragments.

1 to 1. 125 229 187 44 0 800
Feb. 5th 

to
April 5th.

18° F.+jVF 8° 0' (3) . 
10/(4) * 0V 22

Some of No. 4 
tension injured and 
No. 3 compression.

Neat. 250 281 159 94 2800 2000 3300 1300
FeU 13th

to
April 13th.

+13° F + VF- wcS?:6" 24 Mixed with water 
at temp. 122° F.

1 to 1. 129 170 80 117
Feb. 14th 

to
April 14th-

+ 9- F o° F. 3° O' (3) 50
8'(4) - uU 20 Mixed with water 

at temp. 1183 F.

Neat. 1 m
1 155 278 217 249

Feb. 26th
to

Mar. 26th.
+17“F +7J*F 'r9Vf^)l 7° O' 1 20 1 Mixed with 2 %

■

Cem
ent Testing.
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The next deduction from the Portland cement teste ie that labor
atory tests made wilh briquettes submerged give higher rceults than 
can be expected in open air work, and therefore that engineers should 
add this to the various other degenerating contingencies, such as bad 
mixing, dirty sand, ctci A deduction not mucli evidenced in the Table 
is that it is not safe to lay Portland cement mortar below 0° F. be
cause the 3rd and 4th series of 3 lo 1 Portland exposed at —6° F. gave 
ocular evidence that their struclurc was injured, and the test-pieces 
broke most irregularly, while the oilier exposures at about 0° F. gave 
no evidence of any injury at all. Coming to the natural cement mor
tar in the 5th and 0th lines, we find much different results. The first 
one is decisive, and is that this particular cement mortar cannot be 
laid in zero weather. The first set were all blown to pieces (except the 
cube), which surprisingly stood 1390 lbs., while the 2nd set, although 
not quite blown to pieces, all showed extreme injury.

The most peculiar result is that this same cement, neat, if given a 
few hours to set in the temperate air, will on exposure to the frost 
attain a strength highest of the 4 conditions ; this is quite remarkable, 
that while the Portland oenitnt was strongest when submerged, the 
natural cement was stronger in damp air and strongest in frost.

Indeed, the Portland cement, in air, for 1 to 1 mixtures, was very 
little stronger than the 1 to 1 natural.

All of the natural cement specimens exposed lo frost showed a dis
integrated layer on the outside about J" thick ; underneath this the 
structure was quite sound, and doubtless much of the variations in tests 
is due not so much to a weakening through the whole mass as to a 
reduced sectional area.

The last series made with 2 per cent, brine in mild weather for 1 
month (exposed at 4 74° F) showed that salt increased the strength, 
making them as strong as others were at 2 months when mixed with 
fresh water, and also again emphasised the advantage to this natural 
cement of open air tests.

It would seem that either hot water or salt arc therefore very 
strengthening in their effect. Much additional data on this'subjoct is 
hoped for in Part II of this paper.
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SERIES IV.

259

SHEARING TESTS.

This series of experiments was carried out with a view of obtaining 
more information on the shearing strength of mortar. The method 
adopted was as follows :—

Three bricks placed, as shown in sketch, were 
cemented together, and tested at the end of one 
month. It was found that by placing pieces 
of soft wood at A.A.A., enaction as nearly as 
possible a shear was obtained, and gave very 
satisfactory results, the pressure being practi
cally concentrated along the two mortar joints. 
No side pressure was applied, because the desire 
was to obtain minimum results where friction 
was not assisting.

The combined effect of adhesion and fric
tion can easily he computed if the adhesion 
and super imposed load are known.

The results arc divided into lime mortar, 
natural cement mortar and Portland cement 
mortar, also into and joints, also into flat 
common unkeyed bricks and pressed Laprairic 
brick keyed on one side. (1) The lime mor
tar was mixed I lime to 3 of standard 

A A quarts sand, by weight ; (2) natural cement 
mortar was mixed, 1 of No. 2 natural cement to standard sand ; 
(3) Portland cement mortar was mixed, 1 of No. 5 Portland cement 
to 3 standard sand. (Sec exhibits of bricks with mortar attached.) The 
test-pieces were chiefly allowed to stand in the laboratory at a temper
ature of 55° to 65 1 F., but one set of natural cement mortar and two of 
Pottland cement mortar were duplicated by immersing in water for 
29 days, after setting in air 24 hours before submersion.

These results point out many interesting facts : (a) the first fact 
noticeable is that the results are independent of the (hieknent of joint ; 
this is true of lime and cement mortars. (6) The next one is not 
evidenced to any extent in the table, but was quite apparent in the 
testing, viz., that the adhesion of the mortar to the brick was greatest 
when the mortar was put on very soft, and least when the mortar was 
dry. This will largely uphold the use of soft mortars by masons, albeit 
their reason is a purely selfish one, the mortar being easy to handle. 
The tensile tests of cements made very soft are lower than when the 
mixture has the minimum amount of water for standard consistency.
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But for adhesive testa the case is evidently the reverse. It may be 
here mentioned that in these tests all bricks were thoroughly soaked 
with water before the joints were laid, (e) Coming now to the testa 
on lime mortar, the shears were through the mortar, except in the 4th 
experiment, and therefore they are quite independent of the key of the 
pressed brick on the surface of adhesion. This would point out the 
fact that keyed brick are superfluous in lime mortar joints, and the 
shearing strength per sq. inch averages about 104 lbs. per sq. inch. 
The tensile strength of the same mixture at the same age was 30 lbs. 
per sq. inch, and the compressive strength 102 lbs. persq. inch, (d) 
The natural cement moi tar showed distinctly that its adhesive strength 
was not as great ns its shearing strength, which is the reverse of the 
lime mortar tests. It also showed that the keyed brick aided in some 
unknown way, for the results on them are 3 times as great as with the 
common flat brick. Of course this may have been, and probably was 
partly due to the different surface of adhesion. In 5 tests out of 21 
made on the natural cement mortar, the mortar sheared through, and 
the average of these 5 was 97 lbs. per sq. inch, which gives the shearing 
strength proper, while the average adhesive strength of the 13 tests in 
air which came loose from the bricks was 26 lbs. persq. inch in common 
brick, 48 lbs. per sq. inch on Laprairie pressed brick, and 38 lbs. 
per sq. inch on Laprairie pressed brick for three tests submerged in 
water for the whole period.

This would show that the adhesive strength is nearly twice as great 
on pressed brick as common brick, and that submersion in water had a 
rather harmful effect than otherwise on the adhesive strength, and was 
certainly of no benefit.

The tensile strength of the same mortar at the same age was 132 
lbs. per sq. inch ; the compressive strength was not obtained, but would 
have been about 1000 lbs. per sq. inch. The hints to be taken from these 
tests arc that pressed brick keyed on both sides will give much higher 
results than flat common bricks, and would probably place the shearing 
strength of such joints at 100 lbs. per sq. in., and make it largely inde
pendent of the consistency of the mortar. Also that the shearing 
strength is very much higher in proportion to the tensile strength than 
was the lime mortar shearing strength to its tensile strength, but about 
the same proportion to its compressive strength, 10 to 1.

It becoming evident that the thickness of joint had no appreciable 
effect, the Portland cement mortar tests were made all J" thick. The 
results are surprisingly low. The adhesion on the common brick is
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about the same for air drying or submersion in water, and is slightly 
less than £ that of natural cement mortar tests of 1J to 1. This is a 
significant fact, for while a neat tensile test of No. 2 natural cement 4 
weeks old is 268 lbs., the No. 5 Portland is 450 lbs. for the same age, 
and a 3 to 1 No. 5 Portland is 82 lbs. for same age. (Sec table of general 
laboratory results.) Thus while any lest of this cement would show that 
a 3 to 1 mixture of the latter would be nearly equal to a 1^ to 1 test 
on the former, yet in their adhesive properties to common brick the 
heavily dosed sand mixture was only half as strong as the natural cement 
mortar with a smaller dose of sand. We might easily have expected this ; 
but the main point is : is it taken account of, in considering the com
parative values of these mixtures, that the adhesive strength of a Port
land cement mortar heavily dosed with sand is low as compared with a 
weaker but richer mixture of natural crurent mortar ? The shearing of 
Portland mortar shows that the adhesion to pressed brick is greater 
than to common hrick, but not in such proportion ns in natural cements, 
being H or 2 to 1 in place of 3 to 1 in the latter. But here again 
comes out the advantage given to Portland cements by testing them 
under water ; the submerged specimens are stronger than open air ones, 
while in natural cements the reverse is the case.

Table VI is given on next page summarising the results obtained.

SERIES IV. (A)

TUB STRENGTH OF MORTAR IN COMPRESSION IN BRICK MASONRY.

All engineers realise that the strength of mortar is much less, tested 
in cubes than in thin layers, but just what proportion they bear to one 
another is not very well known. The following experiments have been 
made with a view of obtaining this information. (See table VII, p. 
263).

At the same time that these tests were made, mortar was also made 
into test-pieces, and tested at the same a^c. We are thus enabled to 
form an idea of the relative strengths of mortar in thin joints and in 
cubes, and also to form an intelligent opinion of the comparative strengths 
of lime mortar, natural cement mortar and Portland cement mortar. The 
mort rs of the 4th, 5th and 6th tests are identical with the mortars of 
the thearing tests, and show the same clear superiority of the natuial 
cement 1J to 1 over the Portland cement 3 to 1 when used in this 
inatint r. Table VIII, p. 265, summarises the result» obtained.

R



TABLE VL
TABLE OF SHEARING TESTS, or MORTAR ADHESION TO BRICK SURFACES (in -liter)

SERIES IV.

No. of Shear in lbs. per sq. in.

Kind of Mortar. Joint. Brick. tests. indurated. Average. Leant. Greatest

Lime 1. Send 3. C A 5 9-7 3-4 11-9 All sheared through the mortar.
r
r

A 4 12 1 6- 1 19-8
:: B

B
5
5 it

12 0 
8-0

9-1
5-5

15-5
110 All came away from brick (mortar dry).

No. 2.
Natural
Cement 1 SandlA r

i:
A
A
B

5
5
5

*

22 3
29 0 
75*0

80
240
250

32 1
330

118-0 2 came away from brick, 3 sheared.
1- B 3 850 430 1180 • « “ “ 2

,« «< B 3 in water 38 0 34 0 420 All came away from brick.

No. 5. 
Porti’d | 1 Sand 3 A 3 106 10-2 1V6 it s« it Tbf brick which was on

l ton in thv original laying.i*Cement 10*2 16-4f

r
A 13 0 “ “ “ It let# load than that of

«« B 3 lti-5 9-2 24*2 t. it a 1 lower ont*, wlikh.ul vour>t\

r B 3 in eater 27-1 20-2 36-9 ‘ load or pressure.

A- common, flat, unkeyed, salmon brick.
B. Laprairie pressed brick, key on one side.

262 
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TABLE VIT.
MORTAR JOINTS IN COMMON BUILDING BRICK PIKRS.

Thick. ... »ads in lbs per sq.inch. Compression per foot under

Test.
Dimensions of Brick 

Pier.
% Of

1st signs 
of failure 
in brick.

Brickswater in 
mortar.

1st signs 
of failure 
in mortar.

Maxi 
mum load 5,000 20,000 35,000

No. 1.
1 Lime.
5 Building sand. 1 week. Vs"

7.80" x 7.85".
16.57" high.
6 bricks.
61.2 sq. in. area.

37 (?) 245 327 980 1,143 .015" .0s* .13"

No 2.

5 Building sand.
3 weeks. iV

8.0" x 8.0".
11.16" high.
4 bricks.
64.0 sq. inches.

37 469 56.1 1,106 1,553 .007" .043" .075"

No. 3.

5 Building sand.
3 weeks.

7.9" x 7.9".
24.50" high.
9 bricks.
62.4sq. inches.

37 400 689 897 1,282 .005" .053" .094"

No. 4.

3 Lab’torv sand.
week. »*

7.75" x 7.85".
11.42" high.
4 bricks.
60.84 sq. inches.

34 287 575 1.117 .032" .133" .158*

No 5.
1 of No 2 Na

tural cement. 
1£ Lab’tory sand

I week. r
7.80" x 7.90".
11.15" high.
4 bricks.
62.01 sq. inches.

22* 968 1,190 1,403 1,984 009" .027" .054"

No 6
1 of No. 5 PorL 

land cement.
3 Lab’torv sand.

I week. r 8.00 m 7.95".
11.10'. high
4 bricks.
63.60 sq. inches area. “1 765 959 1,305 1,564 .007" .007' .019"

C
em

ent Testing. 
263



CONTINUATION OF TABLE VII. 
MORTAR JOINTS IN BRICK PIERS.

Com profit ion 
of Mortar 
and Piers.

Load in lbs. per sq. inch. Compression per foot under
Age Thick- Dimensions of Brick 

Pier.of
Test. Joints.

water in 1st signs 
mortar, of failure 

in mortar.

1st signs 
of failure 
in bricks.

Bricks
mum load 5,000 20,000 35,000

No. 7.
1 No. 5 Portland.
1* Laboratory sand. 
Common bldg, bricks.

1 week. r
*.00" x 8.00".
11.5" high.

i)4.0 sq. in. area-
20 1125 1563 1734 .000 .0045 .011

No. 8.
1 No. 11 Portland.
1 Laboratory sand.
Lnprairie pressed I rick.

12 days. r
8.3" x 8.3".
11.8" high.
4 bricks.
68.9 sq. in. area.

.... 167V 1800 1930 I960 .001 .006 .011

No. 9.

3 Laboratory sand. 
Laprairie pressed brick

1 weeks. V
8.2" x 8.2".
11.5" high.
4 bricks.
i)7.2 sq. in. area.

35 260 853 .... 1263 .048 .115 .156

No. 10.
1 No. 2 Natural.
1$ Laboratory sand. 
Laprairie pressed brick.

4 weeks. i-
8.4" x 8.4".
11.0" high.
4 bricks.
70.G sq. in. area.

22} 1345 162 V 1746 1983 .000 .0027 .005

No. 11.
1 No. 5 Portland.
8 Laboratory sand. 
Laprairie pressed brick.

4 week». V
8.4" x 8.4".
11.1" high.
4 bricks.
70.6 sq. in. area.

20 1204 1600 1629 1785 .002 ■Oil .016

: -Thene réunit» were obtai... I after the pablicatioa of the paper, and are the aiiditioeal |>iev test* proaiieed in the te\t

Cernrnt Tenting.
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TABLE VIII.

Strength of Mortar per Hip in. i.<»ail8 released 
at 17 500 lbs..

In jointe. In cubes. In tens’ll.
set observed 

per lineal foot.

245 40 17 1 week old, mortar, 1 lime, 5 sand.
409 57 20 .01" 3 <« «< « | « 5 ««
400 57 20 .03" 3 “ “ “ 1 “ 6 “
287 •21 .08" i “ “ “ 1 “ 3 “
%8 

| 755
250
.‘{41 4.1 .00

1
1

“ “ “ 1 Natural Cement 1J h
“ “ “ 1 Portland “ 3

Roughly speaking, the lime inrtar at 1 week 5 lo 1 is 6 times as 
strong ; the lime m irtar at 1 week 3 to 1 is 14 times as strong ; I lie 
natural cement mortar at 1 week Ij to 1 is 4 times as strong ; the 
Portland cement mortar at 1 week 3 to 1 is twice as strong, as the same 
mortar tested in cubes, at the same age.

Referring to the amount of compression in Table VII, it will be seen 
that the amount of compression per foot is much less according as this 
ratio is less—»'.e., the less yielding the mortar, the nearer does the 
strength in cubes approach to the strength in joints. This is to be ex
pected, because the more yielding subslanoes will beat a much greater 
disadvantage when unsupported at the sides than if enclosed in a thin 
masonry joint.

In the 2nd, 3rd, 4th and 6th tests at 17,500 lbs., the load was 
released, and the permanent set observed was as given in the 5th 
column of the preceding table.

It seems probable from this, therefore, that the lime mortars must have 
yielded to an injurious extent before there were any external signs. But 
whether this was the ease or not, it is impossible to say, because the com
pression was quite uniform up to and in many cases much past the 
points of evident failure.

It seems lair to suppose that 1 week and d weeks arc about the mini- 
mum and average times which would elapse before the maximum load 
might be put on a brick wall, and when it is remembered that these joints 
were less than J" thick, the amount ol compression in a high brick 
wall under a load of 80 or 90 lbs. per sq. inch is seen to bo very 
great, and under a load of 300 to 400 lbs. per sq. inch, a brick wall 
50 ft. high in lime mortar would not only fail, but compress from 2 to 
6 inches in doing so—the compression practically all taking place in 
the mortar, as in the unyielding Portland cement mortar the compression 
is seen to be very small.



26G Cernent Testhuj.

Jr y •

•w/

«k f

iT' <

.. -Tr
i-

^3

The second part of this pu per will contain tests made on piers built 
with prosed brick, in which the mortar has had longer time to harden, 
and interesting results arc looked for.

The brick in this case was, as mentioned in Table Vit, common 
building brick. The photograph given hlu-tratvs the metho I of testing
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ai)6 the interesting mturner of failure of 5th test, in which the lines of 
least resistance are clearly defined.

SERIES V.

EVAPORATION AND CIlllalllNU TESTS AND EVAPOR \TION AND 

TENSILE TESTS

(n) Empurution anil crushing tests.

This series had for its first intention, information on the coniiiar.it ivo 
and actual amount of evaporation of moisture from different mortars 
made with different cements, but it soon developed into an endeavour to 
obtain some relation between crushing strength and evaporation. Any 
law on the matter, if there is any general law, will of course take years 
to demonstrate ; but enough has been done to show that any investiga
tions on this subject will be fruitful of results. The method of procedure 
was us follows :—Mixtures were kept in damp air 30 days, then im
mersed 2 days in water of ordinary temperature, then taken out and

TABLE IX.

EVAPORATION AND CltUSlUNO TESTS.

No. 11—Portland. 

SERIES V.

Mixture.
Kvnn “/ c "'hing

ill 2 Jays, strengtit Product.
J per Hj. in.

''jif 2"1'
( • In i'li 'i 

by col. 6.

Neat. 1.4H 3925 f>H0V 10. 13 22.111 262.1
1 to I 3.41 2211 . 7639 10.12 21.71 347.3

2 to I (5.20 1031 6402 0.30 20.66 314.2

:t to 1 10.30 544 5>52 0. !4 20.30 278.4

4 to 1 11.49 431 4932 8.02 19.97 217.9
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No. 10—PoKTI.ANIl.

Mixture. Bivap. % 
in 2 days.

Crushing 
strength 
per pq. in

Product. wl. (tv:2)
Column 4 

divided

Neat. 0.97 4367 4231 9.84 21.31 109.0

I to 1 2.20 1.062 6736 10.23 21.87 308.0

2 to 1 5.59 1070 6032 9 43 20.72 291.1

3 to 1 8.61 *910 809.1 0.16 20.31 308.4

4 to 1 11. GH 501 5886 8.86 10.87 296 2

• One day older than others.

No. 3—PORTLAND.

Mixture. livnp % 
in 2 .lavs.

Crushing 
strength 

per sq. in.
Product. wt.

Neat. 4.65 1863 8662 10.00 21.62 400.7

1 to 1 4.10 1875 7681 10.12 21.71 354.1

2 to 1 5.67 1417 8034 9.60 20.97 383.1

3 to 1 8.11 687 5572 8.95 20.01 276.2

4 1 1 12.66 412 5176 8.88 19.90 260.0

No. 15—Natural.

Mixture Bivap. % 
in 2 days

Crushing 
strength 

per sq. i n.
Product wt.

Neat. 6 76 1888 12762 9.40 20.67 617.4

1 to 1 6.08 1437 7300 9.65 21.02 347.3

2 to 1 6.12 988 6046 9.32 20.57 293.9

3 to 1 8.31 575 4796 9.05 20 16 237.9
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No. 2—Natdrai..

269

Mixture. Evan % 
in 2 dayi».

Crushing 
strength 

per sq. in.
Pro! net. wt.

Neat. 6.93 2675 15720 9.43 2072 758.

1 to 1 10.82 703 7254 9.0C 2010 859.9

2 to 1 8.93 810 7233 9.28 2057 352.6

weighed ; they were then kept in the warm dry air of the laboratory at a 
temperature of about 05° F. exactly 2 days, when they were again 
weighed and immediately crushed. The experiments recorded in Table 
IX were all made on 2" cubes, and 2 days was established, because it 
was found that at that time the evaporation was practically complete. 
Other experiments (not recorded) made on 3" cubes gave less evaporation 
per cent, and also less strength. Attached to this arc 3 diagrams : the first 
two show strength and evaporation in different mixtures anil with 5 
brands of cement. The third diagram is the product of the other two, 
and is quite worthy of inspection, because it would appear from it that 
it would be possible to estimate fairly and accurately, without actually 
crushing a specimen, what load it would bear.
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Reference to the table and diagrams will show that the evaporation 
increases and the strength diminishes with the increase of sand in the 
mixture. This is, of course, almost self-evident, but the striking differ
ence in the amount of evaporation for different cements neat is unac
countable. This difference disappears as the admixture of sand increases, 
and we arc led, therefore, to conclude that there is something inherent in 
the cement itself, which aids it more or h ss in holding particles of water 
in suspension. The natural cements show high evaporation neat, so also 
doc s the No. 3 Portland, which has a high specific gravity (see general 
tables), and the cubes of which weighed more than those of the No. 10, 
which evaporated least. We cannot account for it on the ground of Port
land and natural, but one thing is evident, that that same quality which 
enables it to hold water in suspension also aids it in holdingparticles of 
sand together, but not particles of itself. The third diagram showing the 
convergence of lines on the 1 to 1 mixture is very striking. The product 
of the crushing strength <fa\ to 1 mixture and the tv i parution percent. 
undi r conditions named is practically constant. This is f« rone con
dition only, namely, 32 days, with access of water and 2 days drying. 
This means in plain words that we may possibly be able to test with 
a balance instead of a crushing machine.

It is probable that the microscope would reveal a decided difference 
of structure in various cements. It is, of course, well known that the 
underburnt natural cements have softer, rounder and more easily pul
verised grains than that produced by the highly burnt clinker of the 
Portland. It is possible, therefore, that the evaporation qualities of a 
neat cement would indicate more closely than anything else the degree 
of burning practised, independent of the fin« ness. It will be noticed 
by Table II, that the usidues on sieves afford no clue to the density of 
the mixture, and no guide to determine beforehand tli 3 evaporation. 
Neither docs the weight of the specimens vary at all regularly either 
with the crushing strength or evaporation.

It would seem that the coarse, angular laboratory sand had i's 
interstices just about filled up with a l to l mixture, and the strength 
of the mixture depended directly on the amount of evaporation, in an 
inverse ratio. The Evaporation diagram No. 4 is the same as 
No. 3, except that this product is referred to a uniform section density 
(i. e.) Y > l*lC diagram is practically the same, showing

that the variation in weight of test pieces made practically no difference 
in the results, i.e., the per cent, of evaporation determines the strength 
in 1 to 1 mixtures, but is no criterion in neat ones.
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(b) Evaporation and tension tests.
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In Table III. and Table IV. the per cent, of evaporation in 2 days 
is again given, and diagrams are plotted showing the relation between 
the tensile strength and the weight of the dried briquettes in the pres
sure tests, and also other diagrams showing the product of tensile 
strength and evaporation plotted on a base of weights of briquettes.

The X marks in the diagrams show the positions of tests made with 
20 lbs. pressure and 20 p. c. of water, and they arc seen to stand at 
prominent and usually maximum point* on the diagrams, proving that 
this is the best point to select of all the tests made.

It will be seen in these diagrams as in those of crushing tests, that in 
1 to 1 mixtures the variation of evaporation and strength combined is 
not very great, but not so dose as in the former tests.

The 3 to 1 tests are very erratic, as might have been expected with 
different per cents, of water and different amounts of pressure. It is 
evident that each cement has distinctive qualities of its own, because 
with the same weight of briquette the strengths vary, and this brings 
up the important point that in sand tests the strength ought to be 
referred to some basis of weight of briquette, because a slight varia
tion in weight seems, fiom Table IV, to affect the strength very 
much. It would not take much evidence to determine the average 
weight, and all tests could be reduced to this by multiplying by 
(tyweiglitY would change the section density to a standard.
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SK III US VI.

SU(1AR TtNTj.

Sucralc of lime is soluble in water, and it was chiefly a matter of 
interest to see the effect of sugar on cements in weakening them, 
because it has been asserted by several writers that the reverse is the 
case ; one investigator several years ago showed by tests that from A 
to 1 p. e. of sugar would in 4 to (i months give a gain in strength.

Sugar, in these tests, 2 p. c. of the amount of cement (by weight), 
was u-cd, and the diagrams attached sufficiently indicate the results. 
In the Portland cement the strength ranges closely at 50 p. c. of the 
ordinary strength as far as 6 months, while with the natural cements, 
the sugar effect wa< overpowering. After one week's immersion the 
briquettes showed signs of cracking, and ns time went on became com
pletely checked, and expanded so much as to give practically no tests. 
This is further evidenced (see exhibit of briquettes) by the upper surface, 
which was protected by a coating of iron deposited front Montreal 
water, being intact, while the checking was greate-t on the bottom 
where the water had free access.

The lime mixtures, kept in open air, showed encouraging results for 
2 months, and seemed to prove that the use of sugar, in lime, as prac
tised in India, was beneficial; but the 3, 4 and 6 months’ tests disprove 
it. Altogether, it seems evident that this much or more sugar would be 
damaging in its effects on any kin 1 of m irtar in any situation, and it 
is extremely doubtful \vh tthcr any sugar whatever would have other 
than a weakening effect.

In concluding this paper, the author cannot but help feeling that he 
is, as it were, dipping just on the surface of a vast subject, and that 
the more one finds out, the larger the unknown fields beyond appear.

In any efforts that have been made, the frequent manual aid and 
more frequent sound practical advice of Mr. J. G. Kerry have been 
of much service, and here is the place to acknowledge it.

The endeavour has been to find out anything of practical use to the 
Engineering profession ; and if any points raised here will fulfill this 
desire, the object of this paper will be, in the main, accomplished.

In conclusion, the author cannot but acknowledge the opportunity 
given by the Engineering Equipment of McGill University. In carry 
ing out the various tests recorded, every facility has been offered not 
only for student instruction but for private research, and whenever
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anything is needed that is not po-sesvd, Professor Bovey, the Dean of 
Engineering, is always ready to h ive the want filled, if possible. In this 
way many tilings not feasible in ordinary eases are practicable, and it is 
hoped that, in duo time, other results of value to the profession may be 
determined and presented to the Society.



COUR ES PON DENCH.

Mr. II. I 
Perley. Mr. H. F. Perley laid Relative to the Mibjvct of cement test

ing, I would state that there him (icon, and no don ht still 
will be, a largo amount of information furnished by writers 
in different countries, for the subject is one in which the mechan
ical part possesses an amount of interest more or less fascinating, 
whilst the scientific part can only be indulged in by those whose 
training and education have fitted them to pursue that line of 
study. But in spite of all that has been written, and all that wo 
have been told, experimenters and scientific persons have not 
yet devised a scheme, a test, or an analysis, which will enable a 
contractor, or a user of Portland cement, to quickly and accur
ately determine the value of the article he has procured, or which 
has been furnished for his use. '1 ho tests in vogue are numerous, 
each giving a different result, but they all require time, and plenty 
of it, which can ill be spared during the prosecution of a work 
whore “ time is the essence of the contract" ; for tests and trials 
at any other time can only be carried on in the laboratory where 
a “ handful of minutes” is not of much importance, and often by 
those who may be au fait ns regards the tests, but whose know
ledge of the practical use of cornent is but small.

Relative to this matter, the late Henry Fairja, in a letter in the 
Engineer of 2nd of March, 1894, slated that, •* if a cement is unsound 
and does not comply with the mechanical test specified, let it be 
rejected, and leave it to the manufacturer to find out where ho 
is wrong ; but let the quality of the cement bo decided before it is 
used in the work, otherwise, in the event of failure, complications 
may arise as to whether such is due to the cement, to the aggre
gate, or the manner of use. If users could only come to this con
clusion, we should hear no more of magnesia or anything else, 
which would bo unspoken secrets known to manufacturers only, 
and we should hoar only of cement being either sound or unsound, 
which for all practical purposes is sufficient."

In Canada, contractors are often obliged to use ini|H>rted cements, 
because those who prepare the specifications under which they
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work labour under the impression llint cements of foreign make 
give the best results, uinl they base their opinion on results 
obtained in the country where such cements are manufactured, 
forgetting the fact that there, manufacturers ere numerous, com
petition is keen, anil vast quantities are required for homo con
sumption, and therefore the quality of the manufactured article 
must be good, to ensure which llietTcrinan cement manufacturers 
have established standards to which all must attain ; and it is to 
be regretted that standards do not exist in England as well.
When cement is manufactured for exportation, it isdoubtful if the 
article is as good as it ought to be. Much of the cement im
ported into Canada is not obtained under a direct order, butarrives 
as ballast, and is sold on almost any terms ; aud therefore it can
not be expected that the vessel owner would purchase other than 
the cheapest grade for his purpose. This article is, of course, 
rightly termed Portland cement, but it is a cement of the poorer 
class, as evinced by its price in the market. We have a low Port
land cements made in Canada, which are suitable for any class of 
work, but they have not an extended use, simply because they 
cannot compete with the foreign article brought to our ports, and 
perhaps distributed on through freight rates by being hampered 
with (1) high local freight rates, and (2) the cost of barrels and 
packing, which alone amounts to more than the freight of a 
barrel of cement acioss the Atlantic. Ifour engineers would only 
specify that cement should bo bought by weight—with a limit 
on the weight per cubic foot filled under imposed conditions,—and 
delivered in bugs, then our cement makers would have n greater 
radius of action, and be better able to compete with the imported 
article ; and contractors would only have to pay for the use of 
the bags, which would be returned for further use, for every 
empty barrel represents loss and absolute waste, which ought to 
be avoided.

If the committee on cements appointed by the Society can form 
a set of tests for cements, which will be simple in their application 
and quick and accurate in their results, they will confer much 
favour and benefit on the users of cement.

Mr. Fred. P. Spalding, M. Am. Soc. C.E., of Cornell Univer- m,. Kmi.p 
sity, said :—The paper of Mr. Smith is a very interesting one, and 
raises some rather difficult questions, the final settlement of which 
will require a much more extended knowledge of the nature and

s
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action of hydraulic cement than wo now possess. As most of 
the questions discussed in this paper have been subjects of inquiry 
by the writer during the period that he has been in charge of the 
Cement Laboratory at the College of Civil Engineering ol'Cornell 
University, a brief statement of those points upon which he has 
been led to conclusions differing from those of the author of the 
paper may be of interest.

There can be no doubt of the wisdom of using sand tests for the 
tensile strength of cements in so far as they can Ire made to give 
uniform and reliable results. The chief difficulty in prescribing 
a sand test for the quality of cement lies in the variable nature 
of the sand. Even with the artificial sand now used for standard 
tests, the quality will not always be found the same, and the 
results of tests may often be considerably affected in consequence. 
Tests of the quality of the mortar to be used in any work, by 
tensile tests with the sand in use for the work, would bo of much 
value, but the advisability of dispensing with neat tests for deter
mining the quality of the cement is questionable. It is true that 
various cements differ somewhat in their power to “ take sand 
it likewise seems to bo true that any cement which gives good 
results, neat, and is finely ground, will show good strength when 
tested with sand ; while no short time test, either neat or with 
sand, can determine the actual relative values of samples of 
cement of different brands.

The desirability of using a method in preparing briquettes 
which shall eliminate the personal error of the operator is un
questionable. This is the most serious difficulty' met in testing 
tensile strength. A single operator may readily obtain even 
results by any of the ordinary methods, but the results of differ
ent men with the same material are likely to differ widely. The 
problem in devising a specification is to secure uniformity in 
the work of different experimenters. The results of experiments 
in the Cornell Laboratory indicate that if a direct pressure be 
used sufficient to compress the material into a compact and 
homogeneous briquette, the average results obtained by different 
men agree quite closely with each other. This requires a pres
sure of about 100 lbs. per sq. inch over the surface of the bri
quette. With small pressures (20 to 30 lbs.) the results were 
found to differ as much as in ordinary hand work. The heavier 
pressure therefore seemed preferable. It requires no expensive 
apparatus, and is easily applied anywhere.
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With reference to the quantity of water to be used in mixing, 
the experience of the writer in that no definite quantity can bo 
fixed upon as applicable to all material ; what is right for one 
cement is too much or too little for another. It is better to 
determine the water in each case by a standard of consistency.

The proposition of the author of the paper, that bubbles be 
deducted from the sectional area in tensile tests, is quite inadmis
sible. The tensile strength of cement briquettes is not propor
tional to the area of the section.

In a recent discussion before this Society, the present writer 
was quoted by Mr. II. IÎ. Lordly ns expressing an opinion 
adverse to the use of hot water for mixing mortar. This was 
disposed of by the author of the paper then under discussion, by 
the reply that the writer “ must have been unfortunate in his 
cements." This was a very easy way to settle the question, but 
unfortunately does not seem a conclusive argument, Mr. W. W. 
Maclay, front an extended scries of experiments upon this matter 
(see Trans. Am. Soc. C.E., Vol. VI, p, 311), concludes that the 
use of hot water in mixing is detrimental to the strength of the 
mortar. The loss of strength when the mortar was mixed with 
hot water in a cold atmosphere was found by Mr. Maclay to be 
very serious, and when the briquettes were placed in cold water 
they lost coherence.

Experiments made in the Laboratory at Cornell University 
have shown that different brands of cement arc affected very 
differently by the use of hot water in mixing. The writer has 
experimented upon about a dozen brands of cement in this par
ticular, of which four were but slightly affected by the tempera
ture of the water, giving much the result found by the author of 
the paper now under discussion. The others wore all materi
ally weakened by hot water, and three of them were rendered 
entirely worthless when the temperature of the water reached 
120° to 150°F„ the mortar never sotting sufficiently to resist 
crushing under the pressure of the fingers. All of these cements 
wore of good quality, and satisfactorily resisted the hot bath tests 
for permanence of volume.

Mixing the mortar with hot water and subjecting it to a cold 
atmosphere is by no means the same in effect as mixing with 
cold water and then subjecting it to boat.

The effoct upon the rate of setting produced by mixing with
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hot wnler varie* ns much ns llmt upon the strength. The rule 
seems to bo tlmt those cements which nre accelerated in action 
are injured in strength. With some of the uninjured cements, 
no acceleration of the rate of setting took place, and in one case 
there was a decided lessening of the rate of setting as the temper
ature of the water was increased.

A single example may serve as an illustration of the action of 
the cements most affected. One brand mixed with water at 40°F. 
set in 70 min. ; with water at 70°, set in 30 min. ; with water at 
100°, set in 10 min. ; with water at 120°, set in 3 min. ; with 
water at 140°, sot in 2 In's. 20 mill., but did notget firm. Tensile 
strength at 100°, about half that at 40° in one week. Temper
ature of air 05°.

It has occurred to the writer that there may be a point for 
some cements at which the process of selling occurs so quickly 
as that the individual particles fail to combine with each other 
us in a slower crystallisation.

In giving this brief statement of what seemed to bo shown by 
the lew experiments at Cornell University, it is not intended that 
any conclusion should bo drawn from them other than the one 
already stated, that hot water affects different cements very differ
ently, that it is unsafe to draw general conclusions in the matter 
from a lew tests on a particular material, and that the whole sub
ject has yet to be investigated.

Mr. .i.o.o. Mr. J. G. G. Kerry said lie had read with much pleasure Mr.
C. B. Smith’s paper on cement testing; and having hud the good 
fortune to bo with Mr. Smith while he was making many of his 
experiments, wishes to bear evidence to the careful and conscien
tious manner in which these elaborate scries of tests were carried 
out ; and, knowing perhaps better than anyone else the amount of 
painstaking labour and self-sacrifice that these tests have necessi
tated, is anxious to voice the thanks which are duo to Mr. Smith, 
both for these and for the clear and explicit form in which lie has 
presented his results to the Society.

The greater part of the paper, dealing ns it docs with the 
history and results of the experiments, is of course beyond discus
sion ; but ns Mr. Smith has confined his own comments to those 
that cun bo made from a laboratory point of view, ho has left a 
field open for discussion in the practical significance of some of his 
results.
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As llie quality mist required in cernants is durability under 
ordinary exposures, it is disheartening to rend the remarks in 
paragraph (e), p. 6, on the probable inefficiency of the blowing 
test. Present evidence seems to point more and more to the 
necessity of chemical analysis as a part of cement testing, if we 
arc to escape from the open costly appeal to trial and lime, which 
is oficn quoted as the only authoritative tost of a cement.. A 
cement may tail in any one of the prescribed tests, and yet prove 
satisfactory in service ; but if it have a dangerous constitution, it 
must prove unsatisfactory, and while n good chemical analysis is 
not proof of the excellence of the cement, a had chemical analysis 
is certain evidence of its worthlessness ; anil in this respect chemical 
analysis is pc > more sharply determinative of value than any 
other single test. The writer regrets that the chemical and 
manufacturing side of the question has not been more fully taken 
up in the various papers read before the Society on this subject. 
The particular facts which would prove useful in practice would 
be a knowledge of the dangerous ingredients that might possibly 
be present, and their probable distribution throughout any batch 
of cement. It is of course well known that in any burning, clinker 
of varying qualities results, but this is usually attributed to 
better or worse burning, and not to chemical combination ; and 
there does not seem to be much information obtainable concern
ing flic chemical variation of the output. This variation is 
mainly a manufacturing question, hut a knowledge of its extent 
would furnish a measure of the number of analyses necessary to 
establish the purity of the cornent.

The absolute importance of spec ific gravity tests is open to 
question. The other specified tests determine some necessary 
quality in the cement, but specific gravity is taken as an indica
tion of sufficient burning in the manufacture; and ns it is 
an indirect test, it is doubtful whether an engineer would lie justi
fied in condemning a cement on specific gravity alone. The 
testing sheet attached to the paper indicates that high specific 
gravity is not an indication of a good cornent, nor low specific 
gravity of a very poor one. The writer would like to know 
from Mr. Smith whether a cement tested at different finenesses 
shows any variation in its specific gravity ; theoretically, the 
grinding should have no effect on this quality, but the imperfec
tions of the methods usually employed for this test might cause a 
discrepancy.

19
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The advisability of sand testing, ns discussed on p. 6, may prove 
doubtful by reason of the present rapid improvement of cement 
manufacture. The strength of n briquette depends upon three 
main features,—the cementitious activity of the cement, the 
fineness of its grinding, and the sand used. The results of many 
experiments make it certain that it is only the cement in form of 
an impalpable powder that has any cementitious value, and as this 
fact becomes more generally known the grinding clause in cement 
specifications will bo made much slitter. It is probable, though 
not established by experiment, that there would bo a definite 
relation between the strengths developed by neat and by sand- 
testing, if only that portion of the cement wore used which is 
known to possess cementitious value. Ifsuch prove the case, the 
sand test is of use only as an indirect test of fineness, and this 
quality cun lie more simply tested with sieves; and as sand 
testing necessarily introduces a third variable and is more difficult 
to carry out uniformly, it can bo discarded. The value of sand
testing, as a demonstration of the inefficiency of a coarse ground 
cement, is beyond question ; but the argument that a cement 
should always bo tested with sand, because it is always so used, is 
not of very great weight in view of the tremendous variations 
between laboratory sands and the sands of practice, and the 
further fact that the mortar is not tested for the strengths that 
are required of it in practice.

The attack on p. 6, on the importance attached to the results 
obtained by “that terror of the present day, the testing 
machine,” is well grounded. There are few structures to day 
built or building that have or will develop a pressure of 100 lbs. 
per square inch on a month old mortar, and the attached testing 
sheet shows that any cement that is at all good will develop 
strengths vastly in excess of this. There seems to bo no value 
whatever attachable to the numerical results obtained by tension 
testing, arid it is yet to bo proven that a cement that will give 
materially higher results in tension testing than another is really 
the belter ol the two. Undoubtedly all cements should shown 
certain minimum strength ; but it seems from paragraph (e), p. 6, 
that attaching any value to the fact that the strength of a cement 
proves materially greater than that minimum is simply putting 
a premium u|ion the introduction uf certain dangerous adulterants. 
If a careful scries of tests were made to ascertain the maximum
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and minimum strengths of unadulterated Portland cements, it 
would he possible in some degree to guard against such adulterants 
by introducing both the maximum and the minimum strengths 
into the specifications ; this idea has been carried into practice 
occasionally.

Averages of Table III.

Is One Week. Four Weeks.

II£
Tensile
strength

lbs.

Extremes of 
strength, 

lbs.
Weight Kvapnr

pr’ct’go
strength,

lbs.

Extremes of 
strength, 

llw.
Weights

Natur
15

al 1 to 1
4ti 23-86 4.80 13.52 82 39-112 4.81) 13.80

nj 120 37-184 5.35 8.37 208 160-282 5.30 7.09

20 125 90-157 5.61 8.73 225

' 22} 111) 106-130 5.62 9.04

ill 3 to 1

15 16 9-23 4.70 It.«5 33 19-55 4.59 14.02

17} 7 2-12 4.51) 14.66 37 25-48 4.70 10.92

20 12 7-17 4.79 11.77 20 5-28 4.88 11.78

Portia ini 3 to 1

15 30 14-41 4.60 12.31 G3 51-86 4.73 12.44

17} 28 16-43 4.59 10.68 87 47-124 4.79 10.33

20 31 20-48 4.77 12.27 96 56-143 4.80 10.50

22} 27 22-36 4.89 12.50 73 38-103 4.82 11.80

25 22} 8-33 4.88 13.30 43 23-58 4.78 12.75

In order to test the conclusion on p. 9 with regard to the 
percentage of water necessary for pressure testing, the writer 
averaged the results of Table III, disregarding, in so doing, the 
fact that the tests were made under two different pressures ; these 
averages are given in the accompanying table, and indicate that 
percentages varying from 17J to 221 will give good results with 
the least variation in results with 22J p c , and show that Mr.
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Smith’s choice of the mean value 20 p.c. is well made. Disregard
ing the 15 p.c. résulta as the briquettes with this percentage 
were evidently not perfect, the table point* out two facts of practi
cal importance, for it will bo noted :

(1) That the percentage of evaporation steadily increases with 
the jioreontago of water used ;

(2) That the percentage of evaporation diminishes with the 
duration of sot.

If the percentage of evaporation he taken ns a measure of the 
cement s imperviousness, it is evident that when it is necessary to 
construct practically water tight works with cement mortars, that, 
up to some unascertained limit, the drier the mortar is, the hotter 
the result will ho, a mortar being thus preferable to a giout, and 
that the longer the mortar can he allowed to sot More being 
exposed to water pressure, the less will the liability to leakage ho. 
In this connection Table IX is of great interest, although it must 
remain an open question for some time to come, whether the fact 
that Mr. Smith is endeavouring to establish is merely a strange 
coincidence, or whether it has some physical basis. The percent
ages of evaporation in the table show that Portland is much super
ior to natural cement for water-tight work, and that a 1 to 1 
natural is about equal in this res|>oct to a il to 1 Portland. In 
the test of No. 15 natural, the percentage for a neat cement is 
given as considerably larger than for a 1 to 1 mortar. This pecu
liar fact is more than confirmed by a series of direct percolation 
experiments made by Mr. F. C. Coffin of Boston, and published in 
Eni/ixcering Neicx, January 3and 10, 1895 Mr.Coflin found that 
while neat and I to 1 Portland and 1 to 1 natural made good water
tight joints, the leakage through neat natural was enormous. Mr. 
Smith’s results do not show as great a discrepancy, but this is pro
bably duo to the fact that the Belgian natural used by him 
approaches Portland cement much more closely in constitution 
than do the Koscndales used by Mr. Collin, It is to be remarked, 
however, that the results given for No. 2 natural are in flat con
tradiction in this respect to the results of the oilier experiments, 
and indeed appear erratic in themselves.

Though agreeing with the general conclusion to be drawn from 
the remarks on compression testing on p. 11, it docs not appear 
to the writer that statement (2) is borne out by the testing sheet, 
and he has prepared the accompanying Table from the results
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thereon, to indicate the lack < f any definite relation between the 
tensile and compressive strength* of cement mortar*. Authori
tative deduction* cannot ho drawn from a table based on so few 
experiments;

CO-EFFICIENTS CONNECTING TENSION A Nit COMl'KESSION STRENGTHS 
OF CEMENT MORTARS CALCULATED FROM THE FIGURES

ON THE TESTING SHEET.

3 Neat. i TO 1 2 TO 1. 3 to 1.
i q.
E % i 2 :i 1 1 2 1 i 1 2 i 1 1 2 I i •1
5 % 

25 wk wke wks mo. nos year wk. mo. mos wk mo. mo* v k. wk*

1 ..

2 8.5

8

4

5 3.4 .. ..

6 5.1 8.1

7 G.5

8

in 10.5

ii .

15 6.0

It»
5.J

20

21

22 8.0 ..

25

but it indicates :—
(1) That the compressive strength cannot bo closely predicted 

from the tension tests ;
(2) That sand mixtures show a higher co-cfticiont than neat 

cements ;
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(3) That the co-efficient increases with the age of the comont.
The writer hai never seen the fact of the greater comparative 

strength developed by the sand mixtures commented upon ; but this 
result would naturally have been expeeteJ. The record of the 
tension tests shows that cement mortars have reached very closely 
to their ultimate strength at the age of throe months, and the in
crease of the co-efficient with age indicates that this does not apply 
to the compression strength of the mortar, and that wo do not yet 
know when it censes growing harder, stronger in compression and 
more brittle.

The value of the results in Series II, p. 13, will bo greatly in
creased, if Mr. Smith will add to them the times of setting at the 
varying temperatures. This is a point of considerable practical 
importance, as it has been found, particularly in pneumatic work, 
that in the high temperature and heavy pressure of a caisson 
chamber, some cements will set almost instantaneously, so rapidly, 
indeed, as to prevent their use, because they arc set before they 
can lie deposited in place. The results given in Table V, p. 14, 
indicating us they do both shortening and lengthening of time of 
set with higher temperatures, would seem to prove that heat acted 
differently under almost similar circumstances.

The results of the freeling tests fully confirm the ideas of current 
practice ; but there is one field of this part of the subject which 
does not seem to have been touched by investigators. Many engi
neers to-day are of the opinion that the most dangerous treatment 
that a cement can bo exposed to is to be mixed at very low tem
peratures, There is no question that a cement mixed with heated 
sand and healed water will sot perfectly in sharp freezing weather ; 
but will the same cement mixed with water at ordinary winter 
temperature, which is always within a very small fraction of 32° 
Fa hr., in large streams and with cold sand, set at all, or will the low 
temperature of the mass more or loss completely kill the activity 
of the cement? There seems to bo no definite information extant 
upon this |«)int, although it is one of great importance.

The ordinary objection to the use of salt is the same as that to 
the use of sugar, namely, that it remains in the mortar alter it is 
set in a soluble form, and will sooner or later weather out. The 
writer would like to know whether Mr. Smith exposed any of his 
specimens to percolation or running water in order to develop 
such a tendency before testing them.
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Tlio results of the pier testing ns embodied in Table VII, p. 18, 
ore very interesting and of great practical value ; it is a pity, 
however, that the strength of the brick itself is not given, that 
being one of the principal factors in the practical problems ; and 
the effect of using a stronger building material is as yet unknown, 
at least in amount, and can only bo determined by a serios of similar 
experiments. The comparative strengths developed by the Port
land and natural cement mortar in the cubes and in the piers are 
discordant, and this fact indicates that the duty of cement mortar 
in joints is not only to transmit compressive strains, but also to 
resist a tendency to flow sideways out of the joint under pressure. 
Its power to resist this latter tendency seems to be the actual 
measure of the practical utility of the cement, and must be closely 
related to its adhesive strength ; and it is noticeable in the adhesion 
tests of the same mortars that the stronger in the pier tests 
proved the stronger in adhesion. The distribution and transmis
sion of stress in the joints of a heterogeneous mass like brickwork 
is not dearly undcrstoisl ; and as Mr. Smith has at various limes 
kindly considered and developed crude suggestions of the writers, 
he would now suggest that the knowledge of this action might bo 
increased by an experiment on piers built with a lion-adhesive 
mortar, such as dry sand, the sand being held in place by a pointing 
of strong cornent mortar. In discussing a paper on the Masonry 
of the Cheat River Bridge, read by Mr. Smith before the Society 
in 1893, the writer described some instances of masonry abut
ments founded on rock, showing some considerable settlement after 
the banks had been built against them, and asked an explanation 
of this action from the members then present. None was ottered, 
but ns pressures developed in an abutment by a green earth bank- 
are enormous, Mr. Smith’s demonstration of the compressibility 
of natural cement mortars is a satisfactory answer, as the abut
ments in question were built with natural cement mortar.

Throughout the paper, Mr. Smith comments on the many cir
cumstances under which natural cements are fully us good as 
Portlands, and protests against the seemingly growing tend
ency to specify Portlands for everything; and his opinions are 
well grounded upon the results of his experiments. There is no 
question but that it is better to use Portlands under the special 
circumstances mentioned at the head of p. 7 ; but in the writer's 
personal practice, fully 75 p.o. of the content he has used has
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been laid under tlie proviso circumstances shown in the paper to 
be most favourable to natural cements, laid in summer weather 
and only liable to occasional submergence, and this piece of 
experience is probably llie rule and not the exception. The vari
ations in the price of cements in different localities are entirely 
due to transportation charges, and comparing a 1 to 1 natural 
with a il to 1 Portland mortar the following note of costs per cub. 
yard of mortar shows that in the score of cheapness the choice 
is entirely a matter of location, the prices for cements used being 
the extremes that have come under the writer's notice, sand being 
taken at 75 els. per cub. yard.

Cement. Sand. Labour. Total.

Portland (fri$1.75 per bbl............ 3.24 .65 .50 4.39
“ @ 3.00 “ “........... .65 .50 6.71

Natural @ 0.62$ “ “ .............. .45 .50 :t. 51
“ (ft 1.60 “ “ .............. .45 .50 7.09

If the two mortars be compared by their results throughout the 
tests, the natural shows a marked superiority in everything, and 
it is further claimed that the naturals give promise of being much 
the more durable of the two. Canadian natural cement is usually 
condemned offhand because of the uncertainly of the product, and 
in view of the many trials it has been given, and the frequency 
of the condemnation pronounced by eminent engineers, it is evi
dent that it will never come into general use until it is manufac
tured in much better grades ; but it is also certain that there are 
many firms to-day manufacturing natural cements in the United 
States lbat arc every bit as reliable as the best Portlands, and 
Canadian manufacturers should be competent to produce a like 
result. With regard to this comparison of Portland and natural 
cements, the results of the table on p. 12 show that the Portlands 
promise to make a better comparative showing when the standard 
of fineness is raised. The writer has prepared the accompanying 
comparative table from the tests in the paper, to show the relative 
values of the two mortars in so far ns they can be shown by the 
testing machines, and in concluding would draw attention to the 
remarkable variation in the comparative tension strengths, when 
tested in the ordinary manner and when tested with Mr. Smith’s 
pressure apparatus. This was first pointed out to the writer by 
Mr. Smith, in conversation, and has yet to bo explained.
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COMPARATIVE TA1ILK—NATURAL ANII PORTLAND CEMENTE.

I EST. LBS. PEU sg. ». MIXTURE. REFERENCE.

Natural •ortlaml
Tension 1 wk. 72 67 N 1 to 1 1 Canadian cements on testing

“ 1 mo. 109 91 P 7 to 1 J sheet.

“ 1 wk. 12-'» 71 N I to 11
Averages of Table III.

1 mo. 225 ÎM» P 7 to 1 )
“ ! me. 122 75 N Moll Table to Series 1. Ordinary

“ “ sifted tl ru’ 120
1 mo. 94 121 P.ltol 1 sieve.

Comp,,. 1 wk. 900 298 N i to n Canadian Cements on
“ mo 1.750 750 P 7 to 1 j slteet.

Adliesn. A. 261

ii. oe!
12 N lj to 1 1

Averages of Table VI.
22 P 7 to 1 J

Pier Comp». 9GH 755 N H to 1|
P 7 to 1 ( Table VII.

Evaporn 7.70 9.04 N 1 to 1 I
P » to 1 1 Table IX.

Mr. J. L. Allison, Mem. Cun. Soc. C.E., said The testing of 
cements for llicSoultinges ennui was commenced on the 9th Octo
ber, 1891, and has been continued up to the present date.

Thirty-nine brands of Portlands have been tested, twenty one 
English, eleven Belgian, live Canadian, and two German. Three 
brands of natuinl cement have also been tested. Over 17,000 bri
quettes have been made, all by the same man.

Cements have generally been purchased on the Montreal market 
through a commission merchant. A few barrels have, however, 
been sent by manufacturers or their agents, for the purpose of 
being tested. As a rule, two barrels of each brand have been used, 
in order to make it moderately certain that the cement was of nor
mal composition.

When received, the barrels are stored in a dry room connected 
with the office. On the opening of a barrel the contents are 
removed to a depth of about tive inches, and the quantity necessary

.Mr J. !..
Alltnm.
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for nil the tests is taken from the central portion of the barrel, 
which is then set aside and never again used for testing purposes. 
From time to time these opened barrels are removed from the store 
room. When necessary, cements are air-slacked in this room.

All cements are subjected to the same tests, namely : (1) rate 
of setting, (2) specific gravity, (3) tensile strength, neat, and with 
sand, (4) fineness of grinding, and (5) soundness. The proportion 
of water required for gauging is also carefully determined.

Immediately on opening a barrel, the time required for sotting 
is found by mixing a sample to a paste with water, and noting 
the penetration of Vient’s and Gilmore's noodles.

The paste is placed in a mould 40 m.m. in depth, and the time 
of initial setting is taken as being the time at which the Vient 
needle ceases to penetrate to a greater depth than 20 m.m. If 
initial sotting does not take place in less than ton minutes, the 
full quantity required for making all the tests is placed in glass 
jars which soul air-tight. Those jars are at once labelled and 
placed on shelves in the testing room. If, however, initial setting 
is found to have taken place in less than ten minutes, the quantity 
necessary for all the tests is exposed to the air in the store room 
in shallow pans, and turned over every day until the time re
quired for setting has reached ten minutes, when it is put in the 
jars, as stated before. This limit often minutes is taken because 
that length of time is required to properly gauge n paste and fill a 
dozen moulds, and all work on the paste should be finished before 
sotting has commenced.

The lime of sotting noted in the accompanying table is that 
found on opening the barrel.

The density is found by determining the specific gravity. No 
value is attached to the weight per bushel, or per cubic foot, as 
the range, within wide limits, depends on the method of tilling the 
measure. Thus, with one brand the weight per cubic foot varied 
from 81 lbs. unpacked, to 121 lbs. packed, or nearly 50 per cent. 
The packing was done by jarring the measure, but no pressure 
was applied to the cement. The weight per cubic foot (both 
packed and unpacked) of all cements tested has been determined 
carefully, and the results shew that no reliance whatever should 
bo placed on the weight as a measure of tho density. The extreme 
range in the specific gravity of the cements tested is so small 
(about 6 per cent.) as to bo neutralised by the greater effects duo
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to differences of grinding, etc. Thus, the Johnson (coarsely 
ground), sp. gr. 3.023, weighed 84 and 111 lbs. per c. foot, un
packed and packed, while the Josson (finely ground), sp. gr. 
3.174, weighed only 80 and 105 lbs. per cubic foot.

The specific gravity is determined by the volumetric method, 
the volumeter used being of 200 o.c. capacity. The quantity of 
liquid used in each experiment is about 125 c.c„ and the weight 
of cement used is always 200 grammes. In order to prevent the 
selling of the cement in the volumeter, turpentine is used instead 
of water, and to prevent changes in the volume of the turpentine, 
the volumeter and its contents are kept at a constant temperature 
during the test by being kept standing in a jar of water at the 
temperature of the room. A thermometer is used to insure both 
readings being taken at the same temperature. Two tests are 
made with each cement, and the moan taken as the true result. 
This test is made, in all cases, on the cement as received—that is, 
without exposure to the air.

All cements, when tested neat, aie mixed with water in such 
proportion as to give pastes of the same consistency. The appara
tus used for determining this proportion consists of a brass cylin
der of 80 m.in. diameter and 40 m.m. in depth, and a round brass 
rod 10 m.m. in diameter weighed to 300 grammes. The method 
of using them is us follows : the cylinder is tilled flush with a 
paste made up with a known percentage of water (by weight). 
The rod is then placed vertically on the surface and allowed to 
sink under its own weight. A penetration of 34 m.m. is taken as 
indicating the proper consistency, and tests are made with differ
ent proportions of water until the proper penetration is secured. 
This test is made on the cement when ready to bo tested,—that is 
after exposure to the air when necessary.

The water used is the same as that used for making the bri
quettes for tensile tests. It is taken from the St. Lawrence River, 
and is without visible impurity. The temperature at which it is 
used is always between the limits of 60° and 70° Falir.

Tests of the tensile strength of all cements are made on bri
quettes of neat cement, and also of cement mixed with sand.

All gauging has been done with Fuiju's cement gauger. This 
machine consists essentially of a circular, flat-bottomed, cylindri
cal vessel, 10 diam. and 5 deep, in which a four-bladcd mixer is 
rotated by a vertical shaft. The blades are in length about one-
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half the diameter of the vohsoI, and the vertical shaft carrying 
them is, by means of a crank centered over the centre of the 
vessel, made to travel in a circular path midway between the 
centre of the vessel and its circumference. An additional rotary 
motion in the opposite direction is given to the blades by means of 
a pinion on the head of the shaft, which engages with the teeth of 
a fixed annular gear on the under side of the frame carrying the 
crank. The blades rotate about 2.6 times while making one revo
lution about the fixed centre, and this relation insures the whole 
area of the vessel being worked over by the blades. The frame 
carrying all the working parts can be quickly removed and the 
vessel left unobstructed for the removal of the paste.

This machine is illustrated and described in Fnija's “ Portland 
Cement for Users," and also in Engineering Neir* of 1st March, 
1894.

The moulds used have a minimum section of one inch square, 
and are of the usual shape, furnished by the makers of testing 
machines. They were procured from the Fairbanks Company'.

A sufficient quantity of cement to make 12 briquettes (about 
1800 grammes) is put into the gauger, and has added to it the pro
portion of water previously determined ; the gauger is then 
turned quickly until the mixture is complete, after which the paste 
is immediately filled into the moulds which have been previously 
given a film of oil and arranged on thick glass plates. In tilling, 
no pressure is applied to the paste, but it is worked into the moulds 
with the point of a small trowel moved edcowise. The surplus 
paste is then removed with the trowel, and the numbers from a 
prepared list are stamped on the soft briquettes with dies, after 
which the moulds, on the glass plates on which they were filled, 
are placed in covered pans containing a little water, the plates 
being supported above its surlhce. The time at which they were 
gauged is entered with the numbers in the record book. The 
moulds are not removed from the briquettes until the cement is 
hard set ; and, after the removal of the moulds, the briquettes are 
kept in the moist air until the expiration of twenty-four hours 
from the time of gauging, when they are immersed in water in 
pans about 30" square, arranged on wide shelves occupying one 
side of the testing room. The briquettes are arranged in the 
pans according to the dates on which they are to bo broken, and 
the pans are labeled to shew these dates. The arrangement of
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the numbers in the record book is decided on before the briquettes 
arc made, and a list is posted on tbe testing room each morning, 
shewing the nuihbers to bn given to the briquettes made during 
the day, and the tests for which they are intended.

The twelve briquettes in one gauging are distributed in the 
record forms over six tests ; consequently, the twelve briquettes 
broken for any one test are made up of two from each of six 
gaugings. This reduces the effects of differences in the gauging 
and filling of different batches. The temperature of the room is 
kept within the limits of 60° and 75° Fa hr. The water covering 
the briquettes in the pans is drawn off at intervals by means of u 
syphon, and replaced by fresh water.

The neat briquettes are broken at the end of three, seven, four
teen and twenty-eight days, and two, three, six and twelve 
months, the time in all cases being counted from the date of 
gauging.

When mortar briquettes are to be made, the proportions of sand 
and cement, determined by weight, are placed in the gauger and 
thoroughly mixed dry. The water is then added and the mixing 
continued until the mass is uniformly moistened. Only enough 
water is used to moisten the mixture sufficiently to form a stiff 
paste. Th;s paste cannot bo properly filled into the moulds with
out being slightly compacted or compressed. A certain degree 
of compression is effected by heaping the mortar about one inch 
higher than the mould and beiiting it down with a paddle-shaped 
tool of iron, about one fool long, weighing about 12 ounces. This 
method of filling was adopted, in order to avoid lack of uni
formity in the strength due to applying pressure with a trowel. 
The filling has always been done by the same man, and the tests 
show that the compression is practically uniform, since all the 
briquettes in a set (twelve) made up from six gaugings break 
with nearly the same loud. The extreme tango is quite often 
within seven pounds, and is in some cases ns small as lltreu 
pounds.

The procedure after filling the moulds is the same as with neat 
briquet: es.

The mortar briquettes made previously to June 13th, 1892, 
wore mixed in the proportions, by weight, of one of cement to two 
of sand. Washed and screened pit sand was used ; only that por
tion which passed the 20 and was retained on the 30 sieve being

T
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made use of in llio touts. The briquettes wore broken after seven, 
fourteen and twenty-eight days.

Since the above date the proportions used have been (by 
weight) : one of cement to three crushed quartz and 33-100 water. 
The quartz used is known on the market ns No. 5. It all passes 
the 20J sieve, and about 60 per cent, is retained on the 30* sieve. 
The part passing the 30* sieve contains no dust or very small par
ticles.

The briquettes are broken after seven, fourteen and twenty- 
eight days, and two, three and six months.

From the dale of the commencement of the tests, until January, 
1893, all briquettes were broken on a Fairbanks machine of 1000 
lbs. capacity.

In this machine the leverage is constant, while the load is vari
able, and is applied through a system of compound levers. The 
load at the beginning of each tost is zero, and is increased gradu
ally, by the addition of small shot, until breakage takes place. 
The breaking stress is found by weighing the breaking load on 
the same machine, the scale and weights being marked so as to 
give the breaking stress in pounds. With briquettes of high 
strength many of the breaks did not occur at tbe minimum section, 
but on a line between the points of contact with one of the grips.

Since the above date a Kichlé machine of 2000 lbs. capacity has 
been used. In this machine the weight is constant while the lever
age is variable. The test piece is strained by moving the con
stant weight out on a simple lever until breakage takes place, 
when the breaking stress is rend directly from a graduated scale 
on the lover, at the point indicated by a pointer attached to the 
weight. The grips are provided with renewable rubber tips which 
insure the proper application of the force, as shown by the fact that 
no briquettes have broken at the points of contact with tbe grips.

The load has, in all cases, been applied approximately at the 
rate of 400 lbs. per minute.

A list of briquettes to bo broken each day is prepared from the 
records and posted in the testing room. For the short tests (3, 7, 
14 and 28 days) the briquettes are broken at the same time of the 
day’ as they were gauged.

Tbe fineness to which cements have been ground has been tested 
by sifting samples, taken from the centres of the barrels, through 
sieves of 625, 900, 2,500, 6,400 and 10,000 meshes per sq. inch.
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The accompanying table shows the percentages retained on the 
625 (25*), 2,500 (50*), and 10,000 (100‘) sieves, the results given 
being means of two tests for each cement. The same sot of sieves 
has been used for all the tests. They are nine inches in diameter 
and two inches deep, with meshes formed of woven brass wire.

The test for soundness, to which most importance is attached, is 
Faija’s hot water test. Two pats (about 4" x li"x|”) of neat 
cement paste on small glass plates are, immediately after gauging, 
supported above the surface of water in a closed vessel. The 
water is kept at the temperature of 114° Fa hr. ; consequently 
the pats are subject to the action of a hot moist atmosphere. At 
the end of 4J hours they are immersed in the water, which is 
kept at the same temperature, for an additional 14 hours. Separa
tion of pats from the glass, cracking, and the presence of blow 
holes are indications of unsoundness.

In addition to this tost, two tost tubes (6" x f ") are filled with 
cement paste ; one is treated in the same way as the pats, and the 
other left in the air. Swelling of the cement causes cracking of 
the tubes. In many cases a slight contraction could bo noticed 
aller a considerable time, and this could bo made more apparent 
by putting water in the tube above the cement, when, if contrac
tion had taken place, the water could be seen passing between the 
glass and the cement.

The colour of the puts, after exposure to the air, has also been 
noted, as well as the weathering qualities of the broken briquettes 
on exposure out of doors.

These tests have generally corroborated one another. Any con
siderable changing of colour to yellow has almost invariably been 
accompanied by the cracking ol test tubes or of pats in the hot water 
test.

All the above tests have been taken into consideration when 
deciding as to the soundness of a cement.

The degree of fineness to which a cement is ground has, after 
a certain stage, little effect on the strength of neat briquettes ; but 
with mortar briquettes, finer grinding is found to noticeably in
crease the strength.

In the accompanying table it will bo seen that the cements giv
ing the strongest mortars are the most finely ground. The effect 
< f fine grinding is most clearly shown in the case of the Hunter, 
Taylor & Spoor (No. 15 6), and the Hunter, Taylor & Spoor
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fine (No. 16). These brands have their specific gravity, rate of 
setting, and tensile strength neat, practically identical, while their 
fineness of grinding and strength of mortar briquettes are differ
ent. A true measure of the effect is not, however, shown, beoauso 
the two brands were tested with different proportions of sand, but 
the fine ground with three times Us weight of sand lias nearly 
twice the strength, at twenty-eight days, of the ordinary grinding 
with only twice its weight of sand, 'l'he same tendency is shown 
in the case of J. B. White & Bros. (No. 5) and J. B. White Sr 
Bros, fine (No. 10).

As an example of the degree to which fineness of grinding may 
be carried, attention is drawn to the Addison Potter & Son extra 
fine (No. 18), of which the 100’ sieve retained only 4-lOths of ono 
percent. This cement, although unsound, and ono of the poorest 
brands of English Portland tested, gives a mortar much stronger 
up to six months than any other cement tested with the same pro
portion of sand.

Tests have been made on sand delivered on the works from two 
localities, with a view to ascertaintng the action of the finer parli- 
clos in affecting the strength of mortar. The following table 
gives a summary of the results obtained. It will bo seen that 
in all cases a loss of strength accompanies the inclusion of the 
extremely fine particles.

TAtil.K SUOWIXU RESULTS OP SAND TESTS.

Sand leste with “Clover" cement. 7 days 14 days 
Sand ae taken from the pit. 76 120
Sand retained on the 20* sieve. 128 256
Sand retained on the 30* sieve. 163 253
Sand retained btween the 20' & 30* sieves. 160 245
Sand that passed the 30' sieve. 61 114
Sand tests with “ Bnrliam ” cement.
Sand as taken from the pit. 125 116
Sand retained on the 30' sieve. 143 155
Sand retained between the 20* & 30: sieves. 151 129
Snnd that passed the 30' sieve. 43 85
Sand teats with “ Schiflerdecker” cement.
Sand as taken from the pit. 135 151
Sand retained on the 30" sieve. 169 196
Sand retained between the 20* & 30* sieves. 153 184
Sand that passed the 30» sieve. 148 153
All the above tests were made witli sand from Grand Coteau.

28 days 
239 
311 
260 
247 
188

131
197
172
71

162
214
188
156
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C

Fineness. SETT,$r..
NEAT BRIQUETT8 1" x r.

Tensile Strength

Per ct Re skiiie. Initial. Hanl.

H. M.

Lavs.

2

Mot

$

ths.

25 50 100 FI. M 3 7 14 28 6 12

1 3 071 0-0 7-8 •21 -5 * * 455 516 639 <175 713 746 74,
2 3-100 00 6-7 21-2 0 16 0-29 4.,4 506 551 581 657 727 834 758
3 3-023 0 0 9*9 27-2 0-20 « 25 356 495 566 625 745 800 791
4 3-076 0-5 10 2 21 -7 0-16 030 348 197 665 665 659 743 725
5 3-078 0-0 ll-o 26-8 0-06 0-08 408 501 569 602 622 696 729 761
6 3-068 0 -6 7-6 18-2 0 17 0-27 376 502 553 675 <129 705 710
7 3*055 0 0 16 5 33-6 <110 0-12 275 439 539 594 twS7 754 795 .846
8 3-090 0-3 8-6 23 0 0-15 0-18 297 450 500 6IK 703 834 797
V 3-149 INI 3-7 IS-1 3-05 427 427 567 595 617 *.«4 7114

10 3-125 0-0 23-0 0-07 0-22 312 41s 485 597 646 692 715 764
11 3-090 01 7-1 21 -8 • 10 012 374 460 532 564 I 604 643 666 777
12 3-050 0-7 9-9 22-6 0 05 261 434 177 555 661 634 sil
13 3-111 0-0 11-7 27-6 0-07 » 18 388 452 448 538 629 623 «72 742
14 3-149 00 7-4 21-3 0-22 0-45 385 143 195 529 569 6 26 671 713
15% 3133 0 0 9-1 27-7 4-00 5-25 350 414 460 518 659 644 669 747
15b 3 -IIS 0-6 11 -5 28-8 Oil 0 15 378 4IS 4 72 535 569 631 711 681
16 3-137 o-o 2-3 12 1 0 li 0-36 310 411 487 538 602 653 700 715
17 3-077 0-2 11-7 27-4 0 05 0-06 312 413 469 544 592 626 724 76 »
H 3-053 0 0 o-o 0-4 2-00 4-12 404 463 506 530 4*0 551 589
111 3-053 o-o 0 3 5-8 4 20 8-05 282 432 516 537 551 596 568 639
2o 3*069 II 0 17 11-9 4 40 7-30 263 402 50 ; 417 543 580 621 692

M OUT Ali BRIQUETTS Ie x 1*.

. Sami, 3; Cem., 1 (by weight)

Day

X 7 14

—

18 148 181
19 126 154
16 I0S
20 96 130

9 126 1 14
4 153 133
2 98 118

10 120
l,.l 76 98
6 103 122

14 87 103
13
12

so :o.3

3
11

1
8
5

17
15b

.Months.

2»; 7 
193 
178 
159 
203 
198 
i 43 
164 
138 
hi' 
148 

! 143

265 266 
236 236 
192 223 
210 214 
212 206 
188 205 
172 199 
1 Hi i 195 
177 193 
192 185 
200 iso 
180 | 176

San«l,2,Cem.l

7 14 28

;;;;

... ....

42 165
16 163 

151 
135 
128 
120 
108 
90 
S3



BELGIAN PORTLANDS.

1 3*100 00 0*8 10*2 1 00 .109 542 til 1 1,94 791 761 859 134 167 ; «5 226 211 233
2 3*130 0*0 1*7 13-1 3-00 * ** 340 546 625 676 674 1 752 837 10 *4 101 172 178 158 220
3 3 131 0*0 0*3 13*0 3-20 3 30 213 415 615 676 717 <17 883 876 1 121 190 176 204 183 218

1 3*137 00 1*2 10*3 217 4 30 329 530 900 11 69 119 1 39 154 177 201
6 3*174 0*0 2 3 12-K 0-34 0-30 411 495 730 3 97 136 148 171 IKS 199
6 3* 030 Of 2" IH’.I 0-30 2 00 372 4*4 763 105 124 157 161 158 190

3*100 0*3 2 3 12-2 0-00 A **# 2 (Mi 425 542 560 633 615 703 69 93 119 134 167
8 3*100 00 O’3 114 1-02 2-00 297 393 441.511 f,09 633 2 202 218 242

0 0 3*0 17*8 *** 200 377 464 518 511 521 604 5 199 220
10 3*022 0 0 1*2 0*8 3-00 6-16 270 328 385 427 527 511 558 584 6 156 154 171
11 3* 030 0*0 1 *3 8*8 4-03 7-33 203 227 31 s 335 482 512 485 649 9 __ — 103 101 117

GERMAN PORTLANDS.

J 0*1 7 70
2 3 077 0*0 0*3 0-2 0-06 0 04 398 452 508 558 584 568 627 642 2 .... ... . ....... 197 207 224

CANADIAN PORTLANDS.

1 3*076 0*1 7*5 28*5 6-17 I * * * j 352 495 547 646 700 750 834 H4K 3 87 104 108 153 151 195
2 3*125 o-l 5*9 21*1 0-15 1 30 335 436 497 598 617 | 654 684 731 1 75 lot 131 II.-, 152 178
3 3*125 01 2-4 115 0-14 0-35 210 347 , 458 387 527 I 530 585 660 5 34 55 48 78 100 97
4 2-112 0*2 4 0 12-4 1 15 1 2-14) 212 280 330 383 436 f 546 595 705 2 136

3*157 0*2 14 7 4 Oil A 20-30 126 186 j 241 277 | 356 i 403 430 4511) 4 ....

CANADIAN NATURAL.

1 3-008 OH 4*9 10 9 0-12 j 0 16 A 63 
2-00 5-00' 23

62 74 109 347 476 1 .........................
2 12*930 0*3 2-6 7*8 32 55 | 82 163 ! 229 310 406 .......................

FRENCH NATURAL

2*810 0*0 3*8 12-2 4-00 ... 78 107 147 201 27* 318 356 536 1 114

.!. L. ALLISON,
.V. Can. Sac. C.K.
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Sanil tests with “ Schillerdecker ” cement.
St. Regia aand (not screened), 2 to 1. 181 197 2.12
Grand Coteau sand (not screened), 2 to 1. 149 1G3 172
St. Regis sand (not screened), 3 to 1. 110 135 141
Grand Coteau sand (not screened), 3 to I. 79 98 99

FINENESS OF SIND.

Sand On 20’sieve. Bet. 20’ & 30’. Bet 30’ & 50’. Passed 50».
Si. Regis. 12.2 per cent. 25.8 per cent. 51.3 per cent. 10.7 per cent.
Grand Coteau. 13.8 per cent. 29.6 per cent. 26.6 percent. 30.0 per cent.

The accompanying table allows the results obtained from all
teste which have been completed, of are well advanced, to date.

The curves show the maximum, minimum, and average strengths 
of the cements grouped according to the countries in which they 
arc manufactured. In the case of the German cements, however, 
only two brands have been tested, and, as all three curves would 
fall very close together, only that for the average has been shown.



DISCUSSION.

Ti« President. Mr. Monro, President, observed that the author deserved, in 
his opinion, great credit for his paper, which showed a large 
amount of careful and intelligent experiment and research on the 
subject of which it treats ; and pointed out the fact that owing 
to the munificence of a gentleman in the city of Montreal, the 
University of McGill was supplied with the best means obtainable 
for making elaborate and continuous experiments on this and 
many other engineering subjects—means which were not within the 
reach of ordinary persons.

With reference to Thorold cement, he said that it had been ex
clusively used in the building of some twenty-five locks and weirs, 
and numerous other structures on the Welland Canal.

There were over one add one-quarter millions of bushels put in the 
works, all taken from a stratum of the Niagara group, about five 
feet thick and extending along the face of the “ mountain ” for 
several miles. This stratum was traversed by the line of the canal, 
and formed part of its excavations. During the progress of the 
works no instrumental tests were made ; but the stone quarried 
was examined before being pul into the kilns, to sec that it was 
of the proper quality and broken to cubes of about six inches. The 
burning was determined by the colour, and the grinding by passing 
the cement through the fingers, by which method, with some prac
tice, a very good idea was formed as to its fineness. The locks 
and structures were generally finiel ed some years before being 
brought into use, and as the cement was very slow setting even in 
the open air, it bad ample time to acquire full strength from ago— 
the looks being high and dry along a side hill. He recollected that 
in removing a farm bridge on section 15 near Thorold, which had 
been built in connection with the Welland Railway in 1857, it had 
to be blown down, and in several cases the lino of fracture passed 
sti-aight through the slonc and cement. The masonry could not be 
taken apart with wedges. This was in 1873.

The cement was considered by the late Mr. Page to be a proper 
article to use in hydraulic works under these peculiar circum-
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stances ; and in further proof of its fitness, when the Government 
decided to change the draft of the Welland Canal from 12 to 14 
feet, this was partly done by raising the lock walls, etc., from No. 25 
downward towards Port Dalhousie on Lake Ontario. To make 
proper bond between the new and old masonry, the copings were 
taken off, and an attempt was made to remove the frost hatter of 
the walls by means of bars. This was found to be impracticable, ns 
the stone and cement formed a compact mass, which had to be 
drilled and wedged off ns if it had been a conglomerate rock.

Nevertheless, this same cement, which was also used in the rais
ing of the locks and weirs, would have been washed out of them 
had not the joints been well pointed with Portland cement ; because 
there was not time for it to set in the now work where it was used in 
changing an important waste weir at Allanburgh, and it was washed 
out of the masonry to such an extent, that when the weir was taken 
down and rebuilt, it had all the appearance of being laid dry.
From this it will be soon that in situations where the water 
has to bo turned on soon after the completion of the structures, 
natural cements such as that of Thorold are not to be relied 
upon, whereas a Portland cement of sound quality cannot fail to 
give entire satisfaction.

As to the question of cement testing, he submits a few remarks 
prepared at his request by Mr. J. L. Allison, Mem. Can. Soe. C. E„ 
which clearly describes the method followed at the office of the 
Soulanges Canal, where over 25,000 briquettes have been made 
and tested by the same man. He may also stale that Mr. Leedham 
While and other experienced persons have examined into the mode 
of conducting this work, and have expressed their entire satisfac
tion with the same. He agrees with the general conclusions 
arrived at by the author, and will at some future time go into 
further details.

Mr. Irwin said, that unfortunately he had not been able to read Mr. it. irwin. 
Mr. Smith’s paper at all as carefully as he would have wished, 
but that there were a few points he would like to discuss.

As to fine grinding, he thought that there could bo no doubt as 
to its value. On this point, and also on the question of tempera
ture of the water used in mixing the mortar, some light might bo 
thrown by the action of a salt such as glaubersalt (sulphate of soda).
This salt, if in small crystals, say from the size of a pin's head to 
that of a small pea, will dissolve readily in warm water, while if



300 Di ne ttmon on Cement Tenting.

jtowdcrod finely and put en manse into cold water, it will set sud
denly into a solid lump. This would seem to show that possibly 
tine grinding helps the cement to take up its water of crystallisa
tion more easily and more rapidly, as well as to give it more capa
city to cover pai tides of sand, and that there is probably some 
temperature for each kind of cement at which it will sot best, 
and that if the water in which it is mixed is much colder or hotter, 
the mortar will bo weaker.

lie thought that the difference in amount of evaporisation for 
<1 i tt'oient cementa mixcd neat was not altogether unaccountable. The 
strong Portland cements probably were able to take up more 
water of crystallisation, being composed of a greater proportion of 
active ingredients, though the No. 3 Portland was not inline with 
the others. However, a very extended set of experiments would 
lie needed, in conjunction with chemical tests, botbre any law could 
bo established from the evaporation of specimens.

He was glad to see that Mr. Smith agreed with his previous 
statements ns to the usefulness of natural cements lor structures 
aliovo water except Ibr winter work.

He thought also, that for rapid examination, a powerful micro
scope would bo useful, and had already alluded to its use.

He hud made a few experiments on some very different samples 
of cement, with a view of trying to get a rapid method of testing 
by treating about one-twentieth of a cubic inch of cement, with 
1 £ drachma of hydrochloric acid (B.P. standard), the cement being 
first moistened with water. All the 6 samples tested filled the 
acid completely with gelatinous silica, the effervescence from car
bonate of lime was very marked in some cases, and a strong Eng
lish Portland bubbled up as much ns a p orer Canadian. Two 
samples smelt strongly of sulphuretted hydrogen ; both of those 
were poor.

The poorer cements all had a large insoluble residue, and the 
only sample which gave a perfectly clear jelly was a very finely 
ground, strong, Danish cement.

An extended series of experiments in this line would probably 
lead to some useful results, especially if the proper proportions of 
cement and acid were first determined, as tests of this nature cun 
lie made in a few minutes.

Mr.c.B. smiiii. Mr. Smith, in reply, wished to express hie gratification on read
ing the many interesting and instructive discussions which his
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paper had brought out. This should be one of the chief aims of 
any paper, to draw out the opinions of practical men by which 
more may often bo learned than from the paper itself. These dis
cussions had brought up some (stints that might bear further men
tion.

Mr. Perley had referred to an insufficiency of time at the dis
posal of men in practice, who wished to judge quickly of the rela
tive merits of a cement. This certainly would be a serious objec
tion if it were deemed absolutely necessary to know the tensile 
strength of a cement at various periods ranging from 3 days to 1 
month or longer ; but if the writer were to range the tests in order 
of merit as he regarded them, he » e the blowing test first ;
this, as far ns evidence can be adduced, is a severe test of the sound
ness of a cement to be used under water, and this test can 1)0 made 
in 1 day. The next tests should be those of fineness and specific 
gravity combined, which can be both made in 1 hour at most ; also 
the times of sot can be obtained in a few hours, therefore we can 
find out practically all that we need to know of a sample in a day. 
The strength is after all of relatively little importance when these 
three are satisfactory, although the knowledge is in itself valuable ; 
because, if these three are up to the mark, many experiments 
show that the strength will bo also. Surely twenty-four hours 
with apparatus costing from $5 to $15 cannot lie considered 
very exacting.

Mr. Perley’s remarks regarding the slaughtering of inferior 
brands of foreign cement on our markets should incite engineers to 
be more particular in their specifications, and in actually having 
tests made. The day is past when the brand is a salficicnt guaran
tee of quality.

The idea of shipping in bugs is not now. The American natural 
cements arc largely shipped in 75 lb. paper bugs, anil the Owen 
Sound Portland Cement Co., if so desired, will ship in sacks ; the 
suggestion is, however, doubtless a wise one, and would, besides, 
effect an actual paving of the world’s store of energy.

As an authority on cement testing, Mr. Spaulding’s remarks are 
worthy of attention, and his criticisms seem, in the main, just ones. 
It is probable, however, that ho ovor-cstimites the variations in 
results attributed to using different samples of stand ird sand. There 
is one thing on which all countries seem practically agreed, that 
this angular quartz sand, caught between 20 and 30 mesh siovosj

23
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baa very little variation, and gives uniform result». Experiments 
made by the author on sands of varying fineness all being, however, 
between 20 and 30 mesh sieves corroborate this belief.

The question of light or heavy pressure per inch is not one of 
expense or difficulty, it is an endeavour on the part of the author, 
at least, to determine the least loud which will make good 3 to 1 
briquettes of uniform density with soft mortar such as the masons 
use. The per cent, of variation obtained in groups of 5 has been 
very satisfactory at 20 lbs. persq. inch and 20 percent, water, and 
more pressure would merely give higher results and lead us away 
from actualities where mortar sets under dead loads of oidy 3 or 4 
lbs. per sq. inch.

The question of hot water is a very serious one, for its use is 
somewhat common amongst builders in cold weather. Since present
ing this pa|>ev to the Society, the author has tested briquettes made 
of 2 naturals and 3 Portlands, which were mixed with hot water, 
cold water, and salt water. Both in the laboratory and in frost 
tests he has found that the hot water weakened the Portlands and 
strengthened the natura la, the reverse being the case with salt 
water. Mr. J. G. Kerry has made a plea for chemical analysis, and 
doubtless this is a ve ry necessary thing for some one to make, but it 
seems probable that, as a tost, it will always bo confined, in practice, 
to the manufacturer. Apropos of this is Mr. Pol icy’s quotation from 
a letter of the lute Henry Fnijn, which will make the point clear. 
Mr. Kerry objects to placing any positive value on specific gravity 
tests, and later on he would seem to place little reliance on strength 
tests; but wo must really cling to something. It will not do to 
tear down without building up. In what way are we to satisfy Mr. 
Pcrley's demand for expeditious tests and Mr. Kerry's rejections of 
two of those in most common use ? Fineness alone is no criterion. 
It is necessary to specify either spocitic gravity or strength. It is 
probable that cither one of them, when coupled with fineness and 
soundness, is a sufficient guarantee of quality.

The value of 3.10 proposed is such as will insure strength if 
fineness and soundness are satisfactory, because we cannot get a 
highly burnt cement, so over-claycd ns to be weak, which will 
not fuse in the kiln before getting burnt to a densily of 3.10.

Mi'. Kerry’s ideas on hot water and salt water are not in accor
dance with many tests, which, ns Mr. Spaulding states on the 
authority of W. \V. Maclny, is injurious in the case of hot water
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which the author has verified. It would Hccm best to leave it 
severely alone, whereas salt water seems to ho actually a benefit.

In answer to Mr. Kerry's question on the strength of single 
bricks similar to those used in the pier tests, the average of 6 sep
arate tests on single bricks bedded in plaster of Paris tested on 
their flat was as follows :—1st sign of cracks, 1210 lbs. persq. inch ; 
final collapse, 1860 lbs. per sq. inch.

Mr. Allison’s very full exposition of the methods of testing adopt
ed on the Soulanges canal cannot but bo useful to members of 
the Society as embodying good practice ; but when Mr. Allison goes 
into tbs in his determination of density, ho is open to the 
accusation of hair-splitting, for two determinations of this on the 
same sample will vary as much as rj,- and often more. Speaking 
of the Faija mechanical mixer, the author lias found it to possess 
one weak point, the revolving vanes will drive the mortar more 
or less into the corner. To remedy this, an advanced scraper, 
throwing the mortar toward the centre in front of the revolving 
vanes, has been found to remedy the defect. The shrinkage of 
cement in a tube in air is to be expected, the most delicate deter
minations by the American Cement Committee showed that the 
soundest and best cements shrink slightly in air and expand in 
water.

The question of natural and Portland cements, dealt with by the 
President, Mr. Monro, scorns to be rapidly solving itself in Canada 
by the construction of Portland cement works. The reason seems 
to be not that the natural Canadian cements are always poor, but 
that they are sometimes good and sometimes bad. The United 
States natural cement product is, on the other hand, holding its 
own, the reason being, probably, that the immense quantities 
made at a given spot allow of such thorough mixing as to give a 
uniform product, whereas intermittent burning of rock on a small 
scale is liable to produce a different quality at each “ burn,” depend
ing on the exact spot from which the cement rock is taken.



Thursday, 28th February.

Thomas Monro, President, in the Chair.

The following candidates having been balloted for were declared 
duly elected as :—

Member.

John Patrick O’Donnell.

Associate Members.

Peter Ferraka, James Isaac Hatcroft.

Associate.

IIamburt A. Bidden.

Student.

Bernard McEktee.

The following was transferred from the class of Associate Member 
to the class of Member : —

John Logie Allison.

The following were transferred from the class of Student to the 
class of Associate Member :—

Wm. Charles Percital Heathcote, William Murray Reid, Ernest 
Albert Stone.

The discussion on Mr. Smith's paper on “ Cement Testing ” and on 
the Report of the Cement Committee occupied the evening.



Thursday, 14th March.

Tlios. Monro, President, in the Chair.

Paper No. 103.

A MICROMETER ATTACHMENT FOR THE TRANSIT 
INSTRUMENT, WITH EXAMPLES OF ITS USE IN SUR

VEYING, LEVELLING, ETC.

By W. T. Thompson, A.M.Can.Soc. C.E.

The accompanying photograph represents a C inch reiteration 
transit, with micrometer attachment. The latter was constructed to 
my order by Mr. James Foster of Toronto, and in connection with a 
powerful transit telescope affords the means of measuring with great 
accuracy small veitical angles between the limits of 0".8 and 3 degrees.

It consists of a metal box firmly attached to the vernier plate of 
transit in a plane at right angles to the horizontal axis of telescope, and 
containing a micrometer screw, with divided head and vernier, and 
two movable nuts N and I. The former has 40 threads to the inch, and 
bears against the vertical clamping bar B, being kept in close contact by 
the spring S.

The head of screw is divided into 100 parts, and is read by the 
vernier V to the TT'TTth part of a revolution, and as'each complete revo
lution moves the nut N through 4'6th of an inch, the , qV^iIi part will 
move it through the lit ofan inch, and as the length of the
clamping bar B from centre of axis to point of contact with nut N is CJ 
inches, this will move the telescope through an angle of 0". 8, which is 
the smallest that can be measured with this micrometer.

The index nut I is for recording the number of revolutions made by 
the screw; it has 20 threads to the inch, and the edge of box is divided 
into 20 parts to an inch, so that each turn of the screw carries the index 
nut through one division ; therefore, in making any observation, the 
number of complete revolutions is road off from the scale, and any frac
tional part from the divided head and vernier.

The clamping bar B consists of two parts so arranged that the teles- 
ope may be moved in altitude either by the micrometer or by the
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ordinary tangent screw T, so that when desired the micrometer may be 
set at aero or any reading, and the telescope accurately sot on any 
object by the tangent T.

In measuring distances with this micrometer, the writer has used 
lor a base a light round rod 30 links in length, about 2 inches in 
diameter at the bottom, tapering to 1 inch at the top, and provided with 
a universal spirit level to ensure vertieality, with 3 targets, one 5 links 
from the bottom, one 10 links above this, and one at top of rod, giving 
a clear distance of 26 links between the outside targets. The targets 
were formed of bright tin and black rubber tacked on the rod, as shewn 
in the margin.

The tin reflecting light and the blac k rubber absorbing it, the division 
between them was very distinct, specially in winter.

The lower targets 10 links apart were only used in measuring short 
distances, the outer targets 25 links apart being used in all other eases.

If a distance of say 40 chains be measured on a piece of level ground 
or upon the ice, nnd the number of turns of the micrometer screw 
required to move the horizontal wire of the telescope from one target 
to another be denoted by », then as the base is very short as compared 
with distances to be measured, it may be considered to represent the 
arc which subtends the angle at the instrument, and this angle will vary 
inversely with the radius or distance. Therefore at one chain the number 
of turns of the screw would be represented by 40 n= JV. If now the 
rod be held at any unknown distance denoted by X chains, and the num.

jy
her of turns of the screw is observed = n then X=n, where the

base subtending n' is very small ns compared with its distance from 
the instrument, and the effect of differential refraction is assumed to be 
constant.

As, however, at different distances from the instrument the differ 
cnee of refraction of the targets will vary slightly, it is necessary, in 
order to prepare an accurate table for reducing the observed readings 
to distances, to note the actual readings at each chain of distance from 
5 ch ains up to 40 chains, and interpolate the readings for differences 
of 10 links. The distances corresponding to any observed readings can 
then be at once obtained by inspection. The condition of the atmo- 
sphe re at the time should be noted, and on different days, if one or two 
dista nces are chained, and the observed readings compared with those 
given by the table, we shall be able to apply approximate corrections 
to the tabular distances due to different atmospheric conditions.
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The horizontal wire of the telescop ; should be very fine, and the ob
ject glass and eye piece must be very carefully focused. It is also impor
tant that the alia should be secured with moderate pressure in the Ys, 
and to obviate as lar as possible the tendency to rise, the spring S must 
be slightly bent so as to grip the stud against which it bears.

The tele-cope used has an objective of 1.5 inches clear aperture and 
10.5 inches locus, and the eye piece a magnifying power of 32 diame
ters.

With this instrument and the 25 link target rod described, dis
tances up to 30 chains may be measured, with an error seldom exceed
ing j link per chain, and with a more powerful telescope it is probable 
even closer results could be obtained.

We shall now give some examples of the use of this a ttachment in 
surveying and engineering operations.

L
A method of traversing with the transit and micrometer attachment.
In regard to traverse surveys, the Manual of Survey for Dominion 

Lands provides as follows:—
“ The use of the micrometer for such work will be allowed, provided 

that the closing error does not exceed one chain in one hundred chains. 
The micrometer must be of an approved pattern, and must be submitted 
to the Surveyor General before being used on the survey.”

The micrometer attachment described in connection with the transit 
affords the me ms of making traverse surveys with great facility.

The method used by the writer is as follows : the instrument being 
set up on the shore of a river or lake, and either on one of tin survey 
lines or at a point fixed in position with reference to the same. It is 
carefully levelled, and the horizontal circle reading for the north point 
noted. Then the rod-man proceeding along the shore holds the rod at 
all points where marked deviations occur, the position of each point 
being fixed in direction and distance from the instrumental station, by 
readings of the horizontal circle and micrometer. At suitable points 
new stations arc taken and the survey continued in the same manner. 
T he notes arc entered in the field book under the following headings, and 
written from the bottom upwards, the topography being shewn in margin. 
If a repetition instrument is used, the two columns headed H.C.R. and 
II.C.R. on N are not required.

rttiw Azimuth.i Mie KeadmgH
S - L

Lh8tanee|Kvmurk8.
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It is convenient to have the rod-man travel uniformly from left to 
right, vis., in the direction given by the hands of a watch, and any 
topography will then be shewn in left hand margin.

If the initial station he called 0, then the points fixed from it may 
be conveniently designated O,, Oa, 0„ etc., 0 In 1: 1,, i,, I,, etc. 
The reduced notes ate placed in three columns, under the headings, 
Station, Atiniuth, Distance, and from this data the (aunts are plotted on 
a scale of 20 chains to an inch, and the shore line defined by joining these 
points.

No matter how irregular the shore line may be, a perfect representa
tion of it can be obtained by this method, and in much less time than 
would be required by the system of chained survey lines and offsets.

Regarding the areas of the broken quarter sections, they may be 
readily calculated from the above data ; but it may be stated that as a 
water boundary is a variable one, depending on variations of the water 
level, extreme accuracy in determining those areas is generally not 
necessary, and in many cases the plunimcter or some graphical method 
will give sufficiently close results, especially when the shores are flat 
and the water line subject to wide fluctuations. The plot in all cases 
being carefully made.

II.

To determine differences of level and establish grades on preliminary 
railway and other surveys.

The telescope must be provided with a good spirit level, and the hori
zontal wire adjusted to define a horizontal line when the bubble is at 
zero.

Then (in the same manner as with the gradieuter) if wo note the 
point on a rod at the distance of say 500 feet where this line strikes, 
and turn the micrometer screw through one revolution, the distance 
between the two points on the rod being measured, one-fifth of it is the 
rise or fall in 100 feet for one turn of the screw, and wo can now 
prepare a table giving the number of turns required for various grades, 
also of the rise or fall in feet at different distances. These tables 
should include the effect of curvature and refraction.

We also require a target rod consisting of two pieces sliding upon each 
other, as shewn in margin, in order that the piece carrying the targets may 
be pushed up or down, so that the lower target can he set at the height 
of the telescope above the ground, and clamped in position. The distance 
between the outside targets may be five or six feet, and a table for
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reducing observed micrometer readings to distances can be prepared in 
the manner already described.

Wo arc now prepared for surveying and obtaining the levels and dis. 
tances along any preliminary line.

The mole of proceeding will be as follows : The instrument being 
set up at the starting point of the survey, and carefully levelled, the 
direction of the line is fired by readings of the horizontal circle, the 
bubble of telescope level brought to zero and reading of micrometer 
noted ; then the lower target being adjusted to the height of the teles
cope, the rod man proceeds along the line and holds the rod at all points 
where any marked changes of inclination occur, the distance to each 
point being determined from readings on the targets, also the difference 
between the micrometer reading for level zero and the reading on the 
lower target gives the difference of level by consulting our table.

We may also in open country obtain the direction, distmee, and 
difference of level of points on cither side of the lino referred to the 
Instrumental Stations, and without planting any stakes except at 
these stations, collect the necessary data for preparing a plan, profile 
and cross sections of the line, from which a location can be decided 
on, which would then be chained, staked and levelled in the usual way.

111.

A very important use to which this attachment can be applied is the 
determination of the latitude by measuring small differences of zenith 
distance of North and South stars by a method somewhat similar to 
that by the zenith telescope.

for this purpose a very sensitive spirit level must be attached to the 
vertical clamping bar B in a plane at right angles to the horizontal axis 
of telescope, and the bubble should be adjusted to read zero when the 
index nul I is at the centre of the scale ; this level should read to say 
3" lor one mm space, so as to readily show a displacement of J". The 
time, azimuth, and approximate latitude may be readily obtained from 
observations on Polaris and another star in the same vertical plane.

Then with the approximate latitude or declination of the zenith 
point, we select from a Star Catalogue, such as the Berliner Jahrbuch. 
a pair of stars between the 2nd and 5th ungnitu les, which culminate 
as nearly as possible at equal distances to the north and south of the 
smith, and within say 3 ) degrees of it, differing not more than two de
grees in zenith distance, nor more than say 30 minutes in right as

V



310 A Micrometer Attachment for the

evasion. The telescopo, it m iy be stated, is provided with a diagonal 
eyepiece with powers of 30 and 00 for star work.

The observer should be supplied with a chronometer or watch 
adjusted to sidereal time.

Shortly before the time of transit of the first star the telescope will 
be brought into the meridian plane by readings of the horizontal cir
cle, the vertical finding circle set for the mean zenith distance of tho 
two stars and bubble brought to the centre of its run by inclining the 
telcsco|te. The latter will now bo securely clamped by tho screw K, so 
that'thc relation between the telescope and clamping bar 1) with its 
attached latitude level will thereafter remain unchanged. The latitude 
level will then be brought exactly to. zero by turning the micrometer 
screw, and reading of same noted ; the screw will then be turned to 
the right or left, according as it is access iry to depress or elevate the 
telescope, to set it at the zenith distance of the star, and when it 
appears in the field, the horizontal wire will be set upon it, and a 
precise bisection made when it reaches the middle wire ; the micrometer 
reading will then be noted, the screw reversed and level again brought 
to zero, the micrometer reading again noted and mean of the two 
readings taken as the true reading lor level zero at the instant of the 
star’s transit. The instrument is then turned 180°, in Azimuth, and 
similar observations taken on the other star.

With this micrometer, a right hand motion of the screw will increase 
the readings and zenith distances. If, therefore, we denote the read
ing on the star nearest the zenith by m and the reading for level zero 
for same star by ni„ , then the arc measured by the micrometer is 
represented by )«„—m; and if we denote similar readings for the 
other star by »»i and »i„ ,, then the are measured will be represented by 
oi,—and the sum will represent the total change of inclination of 
the telescope, or difference of apparent zenith distances = mi —m + m„
__m0, which must be reduced to seconds of arc by multiplying by It the
number of seconds in one revolution of the screw ; this will bo deter
mined from observations on Polaris near its elongation, or by measuring 
tho difference of declination of close stars at their transit over the 
Meridian ; the value will vary slightly with the number of turns, and 
should be tabulated for different intervals. Then using tho value 
corresponding to the observed interval, we shall have for the apparent 
difference of zenith distance ±(m, -m + ltt„ —m„,)R" = (z - z'), 
in seconds of arc, where z denotes the apparent zenith distance of 
southern and z' of northern star.
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In the diagram let 1* denote the North Pole, Z the Zenith, HQ the 
Equator, S the Southern, and S' the Northern Star ; S E and S' K a 
» and »' their declinations; Z S, and Z S', their true zenith dis
tances = Z and Z', and r and r' their refractions.

/

Then denoting the latitude Z K hy <p. We have <f> = (» + Z) = 
(s'- Z'). Therefore 2 <f> = » + s' + Z — Z', and since Z ■* + r, 
and Z' zz: z' + r, inserting these values, our formula becomes

/* + «' + *—*'+ r j mid inserting the value of*= (

z — z' as measured by the micrometer, the linal formula is <f> =

R" iu

sign of the second term is the same as that of (z__z‘),
viz., if the southern star lias the greater apparent zenith distance it will 
have the + sign, and vice verea.

]Sy consulting a Star Catalogue it will be seen that in most latitudes 
several pairs of stars between the 2nd and 5th magnitudes, and differ
ing not more than 30 minutes in It, A, nor more than 2 degrees iu 
zenith distance, would be available for observation with a good transit 
telescope.

This method might be found useful in determining latitudes in 
exploratory surveys, in connection with micrometer work, and should 
give the latitude within 3" or 4" by combining the results of several 
observations.

4644



.DISCUSSION.

kIr* « I, Mr. G. W. 31cCrcady said, on receiving a few weeks ago au advance 
proof of “A Micrometer Attachment for the Transit Instrument, 
with Examples of it» use iu Surveying, Levelling, etc.,” by W. T. 
Thompson, A.M. Cnn. Soe. C.E., he became interested in rending 
Mr. Thompson's description of the instrument, nnd of the uses to which 
it might be applied.

It suggested to the writer a very simple device upon which he 
experimented many years ago, for the purpose of measuring very 
minute angles, either horizontal or vertical. The instrument which 
the writer used was a good achromatic pocket-telescope, with com
pound eye-piece of about 5 or 6 inches in length. Having this 
firmly set up on a stand, for the purpose of making a dose 
inspection of objects on a distant mountain, lie removed the eye
piece, nud again inserted it just so far as to have a hold within the 
tube ; in which position he could move the outward end either horizon
tally or vertically, perhaps 4 or 5 degrees from its normal direction, and 
still have a good view through the glass. Having spider-lines in the 
telescope, the writer noticed how slowly and regularly they appeared 
to move over the object as the eye piece was inclined either way,—a 
deviation of probably a degree or uiore being required to produce V 
in the angle of sight. This led him to devise a graduated arc, 
with index and vernier, or micrometer arrangement,—not merely to 
read the deflection of the eye-piece, but the exceedingly small angle 
subtended by the distant object over which the sight appeared to movo.

This being a very old contrivance, as above stated, Mr. Thompson's 
paper has suggested that further experiments might be made to deter
mine whether there is anything in it which can be made practically 
useful.

Mr. H lrwlu. Mr. U. Irwin said lie thought that it would be better not to attempt 
any such fineness of measurement as an angle of 0.8 " with a 6 loch 
transit, this angle subtending only one-seventh of au inch at 3000 
feet.

He thought that all who have used a U inch transit would agree with 
him that it was impossible to set the cross-hairs to anything much
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closer than an inch at such a distance, which would correspond to 
about five seconds of tire. He had a very heavy English six inch tran
sit, which worked more accurately than sny instrument of its size he 
had ever seen ; it was graduated to read to 20 seconds of are, and 
always gave the same angle between two pickets, and ho thought it was 
good enough to read to 10 seconds of arc, but considered that that was 
the limit of accuracy for a 6 inch transit.

He said that no doubt the vernier of Mr. Thompson's micrometer 
read to 0".8 of arc. but the errors in his micrometer screw probably 
amounted to 2 or 3 seconds of arc, se that it would have been better to 
use a coarser micrometer screw which could be more accurately made.

He noted that Mr. Thompson stated that distances up to 40 chains 
could be measured with a 25 link target rod to within half a link |ier 
chain or onc-half of one per cent., which amounts to stating that the 
error in reading the 25 link rod would be about one half of one per 
cent., or about one inch, which would correspond to an angle of about 
seven seconds at 40 chains, so that it would seem quite sufficient to 
have the micrometer arranged to read to 5 seconds of arc, and not to 
attempt anything so fine as 0.8 seconds. He also thought that it was 
useless to attempt to read a displacement of J second with a level set on 
a 6 inch transit, as he had an eighteen inch level which had a bubble 
ground to about five seconds of arc to each division of about one-eighth 
of an inch, and he found it so sensitive that it was almost impossible to 
keep the bubble front moving constantly.

He thought that a bubble reading to 3" for one millimeter space or 
about !l" to Jth of an inch was a very fair arrangement, but did not 
see how it could be depended on to show displacements of half a second 
when it is remembered that that minute angle is subtended by only 
one-eighth of an inch at 4,000 feet.

lie thought that Mr. Thompson's attachment was somewhat similar 
to the gradienter, but was better in so far as it had a longer arm and 
was more firmly attached, and being much interested in instruments 
was much obliged to Mr. Thompson for bringing his arrangement be
fore the notice of the Society.

Ho thought that the weak point of all such arrangements lay in 
having to shift the instrument in reading the two ends of the rod. With 
stadia hairs this movement is avoided, and he would lie glad if Mr. 
Thompson could give any comparison between the work done by the two 
methods, as he understood that Mr. Thompson had many years’ expe. 
ricncc in accurate instramental work.
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Mr. w. T. Mr. Thompson in reply said that the form of attachment described
Thompson. * . ‘ . ..

by Mr. Mel!ready was quite new to him.
Ill reply to Mr. Irwin he said that lie was obliged to him for his 

investigation of the instrument, and that the limit of accuracy of the 
usual form of 0 inch transit, as stated by Mr. Irwin, was in accordance 
with his own experience.

He would, however, remark that the accuracy of micrometer measure
ments by the method described depends upon the power of the teles
cope and the steadiness of the stand upon which it is mounted, and 
both these elements are to a great extent independent of the diameter 
of the horizontal circle of transit. In the case of the reiteration 
transit the tripod is of a special construction, being of the trussed 
form, with a broad head upon which the three foot screws rest in 
grooves, the distance between the bearing [mints being 5.G inches, also 
the instrument having only a single centre has much great r steadiness 
than one with a compound centre, and the whole forms a very firm stand 
for the telescope j the latter also is much more powerful than those 
usually employed, having an eye piece magnifying GO diameters for star 
work, and in observing the transit of a star under very favourable condi
tions a change of one division of the vernier or 0".8 is perceptible, and 
twodivisionsor 1",6 in sighting on a fine terrestrial mark about 20chains 
distant. A star being a fine blight point of light without appreciable 
dimensions, the wire can beset upon it with much greater accuracy than 
on a terrestrial mark. In order to obtain close results under general 
conditions, however, the power of the telescope should be increased so 
as to make its pointing power equal to the lowest vernier reading of 
micrometer, and this would bo effected by using an objective of about 2 
inches aperture and 12 to 13 inches focus, so that magnifying powers 
of from 60 to 80 diameters could he employed to advantage. 0".8 is 
certainly a very minute angle, but in the determination of latitude it 
represents a distance of about 80 feet, and is therefore not too small to 
be considered. If the micrometer was to be used only for the measure
ment of distances, however, it would no doubt be an advantage to use a 
coarser screw as suggested by Mr. Irwin ; but in regard to the accuracy 
with which such screws can be made, he would say that screws with 100 
threads to the inoli are made with almost perfect accuracy for use 
with astronomical instruments.

Regarding a displacement of half a second of arc the author's meaning 
is that a change in the position of the bubble of that amount could be 
seen on the scale ; so that in determining the readings for level zero the
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bubble could be brought to the same position each time with an error 
not exceeding ± 0".S.

Regarding the steadiness of the bubble this depends upon the form 
of transit and construction of tripod upon which it stands, as well as in 
setting up the instrument so as to be as free as possible from surface 
vibrations. For example, in setting up the transit for close latitude 
observations, small pits would be dug so that the feet of tripod would 
stand upon the firm subsoil, and any movement of the observer would 
then not be communicated to the instrument. When set up in this 
way the author has found the bubble of latitude level having a value of 
5" to the sixteenth of an inch to remain quite steady for a considerable 
time on his instrument.

Regarding the principle of its construction, the author would point 
out that this form of micrometer is quite different from the gradientcr, 
the divided head having a motion of rotation only ; the use of a vernier 
admits of very dose readings being taken. It also differs by the use 
of an index nut for recording the number of revolutions and of a slid
ing nut for moving the telescope.

Regarding the use of stadia wires, the author has not had a very 
extensive experience ; lie has found them useful for short distances as a 
check on the calculation of triangulations where only a single distance is 
to be determined ; but where a number of points are required to bo fixed 
from the same station, as in the method of traversing described, they 
would, in his opinion, bs unsuitable, as the rod man would have to be 
depended on to record the length of base ; he therefore thinks it prefer
able to use a constant base, especially when the angle subtended by it 
can lie accurately measured, which can bo done with this form of micro
meter, provided the pivots of the telescope arc seeured so that they 
cannot shift when the micrometer screw is rotated.



Thursday, 29th Mardi.

Wm. Kennedy, Jit., Member, in the Chair.

Valter Ko 104.

AN APPLICATION OF THE STONEY PATENT SLUICE 
TO IIIVEIl IMPROVEMENTS.»

Hr O. E. Robertson, li.A.Sc., M. Can. Soc. C.E.

Among the more important contributions of late years toward the 
improvement of canal works is the Stoney Patent Sluice.

This invention renders it possible to raise, by a small expenditure of 
power, a counter balanced vertical bulkhead of steel, of unusual dimen
sions and with a heavy head of water against its face. The bulkhead 
bears against rollers set in a moveable frame, and the friction which 
would otherwise result from the immense pressure is thereby reduced 
to a minimum.

Under certain conditions of l iver improvement it lias occurred to the 
writer that these sluices might be employed in such a way that the 
usual form of lift-lock could be dispensed with. The conditions 
chosen as an example are as follows : A rapid, in an otherwise naviga
ble river with a fall of ten feet in about a mile in length.

Referring to the sketch, it will bo seen a bank is firmed on one side 
of the river for the entire length of the ra] id, to form a canal.

At intervals of about half a mile three pairs of gates are placed 
dividing the canal into two reaches. At each end of each reach are 
Stoney sluices connecting directly with the rapid. A vessel ascending 
passes through the first pair of gates, which are then closed, and as she 
proceeds through the first reach, the sluices at the upper end of it are 
opened and the water enters from the rapid, raising the reach to the 
level of the water half way up the rapid.

The second pair of gates can then bo opened, and the vessel passes 
into the second reach, which is raised in n similar manner by opening 
the sluices at the upper end, connecting with the river at the head of 
the rapid.

# See pinte I.
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The third pair of gates can then be opened, and the vessel continues 
on her way.

The advantages attending this scheme of river improvements may be 
set forth as follows :

Vessels may pass through the canal without stopping, at the usual 
rate fixed for canals ; this, particularly in case of long tows of barges, 
would shorten the time of passage very much.

Vessels would never be near a canal gate when there was a head of 
water against it ; the dangers attending the usual kind of lockage, the 
bringing of large vessels to rest within a few feet of closed gates, as 
well as the damage done to shipping, would be done away with.

The head of water against banks and structures would never be 
more than a few feet, thereby lessening the cost of construction.

The length of vessels is not limited.
Under favourable conditions there would be a saving in cost of con

struction, principally in masonry.
The reason for placing the sluices between the canal and the river is 

that each reach may thus have an independent supply of water ; but 
when this system is applied in its simplest form, that is, with only one 
reach and a pair of gates at each end, it is then possible *L~ sluices 
would be placed on the landward side of the gates, which would have 
the advantage of more accessible foundations, but the disadvantage of 
causing currents in the entrances.

In cases where the whole discharge of a river is controlled, tho 
adjoining reaches, providing they are not of too great an area, might 
be bro lght to the same level at .uitable intervals of time by means of 
these sluices, permitting the passage of vessels up or down without tho 
intervention of lift-looks.

Thursday, 11th April,

Thomas Monro, President, in the Chair.

The discussion on Prof. Bovey's paper on “ The Strength of Canadian 
Douglas Fir, Bed Pine, White Pine and Spruce,” and on Mr. Smith’s 
paper on “ Cement Testing,” occupied the evening.



Thursday, 25th April.

John Kennedy, Past President, in the Chair.

Filler 1Vo. 1 OR.

THK HA UK IK FLOOD OF 1890.

By Willis Chipman, M.Can.Soc.C.K.

The town of Barrio is situated on the northwest corner of Ketnpen- 
fcldt Bay, an arm of Lake Simcoe, having a width of one mile opposi to 
the main part of the town, the depth at the centre varying from 60 to 
100 feet, but increasing to the eastward. The land to the north and 
to the south rises to a height of from 200 to 170 feet, extending to the 
west, forming a valley about 1J miles wide, which continues to the 
Nottawasaga Hiver ; the highest point of the valley being only 65 feet 
above the Bay. This valley may have been at some period in geologic 
time the outlet of Lake Simcoe. Around the head of the Bay are 
several small spring brooks, the one with the largest drainage area dis
charging into it near its northwest corner. During the summer 
months this stream is apparently smaller than some of the others to the 
south, but, having a larger drainage area, the flow during rains and 
when the snow is melting is much greater.

The total drainage area of this stream is about 1200 acres, or less 
than two square miles, of which about 1,000 acres or one and one-half 
square miles is north of and outside of the built up portion of the town, 
or say northeast of Peel st., this 1,000 acres being entirely cleared 
farm land. The external limit of the water-shed is approximately a 
circle one and one-fourth miles in diameter, the rim of which has an 
elevation of 170 feet, that of the centre of the depression being 110 feet, 
and the out'et at Peel st., 61 feet above the Bay. From the point 
where the water course crosses Peel st., the first built up street of the 
town crossed by it, along the stream to its outlet, is about 5,000 feet. 
For more than half of this distance the bed of the stream is dry during 
the greater part of the year.

When B irrio was first Lid out for a town, this stream flowed 
westerly from Peel st. to Ross st. in a tortuous channel through a
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swampy tract of land lying between the high terrace a little to the 
north, and a remarkably narrow an I high gravel ridge cxien ling 
westerly from Moleaster st. to Bayfield st. After being cleared, this 
low tract was a skating pond in winter and a wet marshy place in sum
mer. When Sophia st. was laid out, the water coursa was straightened 
in such a way as to confine it north of the street, all the southerly 
bends being cut off and filled up. The distance from Peel st, to Ross 
st. is approximately 2,001) feet. For about half of this distance the 
bed of the stream was north of Sophia st. on private lots, and for the 
other half of the distance, being from Owen st. to Bayfield st., it was 
along the north sid ■ of the roadway. The fall in the bed of the stream 
from Peel st. to Ross st. was found to be 25 ft., but for half of this 
distance the fall was only one in two hundred.

From Boss at. the stream flowed southerly 70D feet through the 
town park, with a fall of 24 feet, then southerly and south-easterly, 
crossing Park st., Toronto st., Kliiabeth st., and Mary st. to the Bay, 
a distance of ah nit 1,600 feet, with a fall of 11 feet.

In grading Clapperton st. the high gravel ridge was cut through 
and removed to the full width of the street. Immediately west of Owen 
st., the ridge was also removed on several town lots. In 1846 the 
stream overflowed its banks, and ran down Clapperton st., washing out 
a channel which was not filled in for several years.

In 1860 another overflow took place, after which the channel was 
straightened along Sophia st., and the roadway raised to form an em
bankment about three feet high above the bed of the stream. About 
1870 a timber drain 3 feet wide inside and 4 feet high was built Irom 
the hay to Sophia st. along Clapperton. the idea being to relieve the 
stream in time of freshets. The northerly portion of this drain col
lapsed in 1886, and was rcpl iced by an 18 inch tile pipe for 500 
feet.

The top and sides of this drain were of three inch planking laid 
longitudinally and spiked to bents placed 3g ft. centres. The bottom 
of the drain was of two inch planking. Kach bent was built of four 
pieces of timber top and bottom 5" X 8", verticals 5" X 8", joints 
halved and spiked. The planking was outside of the b' nts. There was 
no way of inspecting this old drain except by walking up it from its 
outlet. When the stream at its head raised to about half the height 
of the Sophia st. roadway, a portion of the water discharged through 
the 18 inch pipe into the old drain.

A number of culverts were constructed in the town along the course
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of the stream, the cross sections varying from 10 to 40 square feet, the 
average being 20 square feet. Several of the longest culverts were on 
private property, the street culverts as a rule being of superior con
struction to the others.

All those street culverts and culverts on private property wore of 
wood, generally with sides of square timbers laid horizontally, rag- 
bolted together or anchored b iok at intervals in height t > resist side 
pressure, or occasionally braced across inside. All were covered with 
timber or planking. Some few of them were built of round timber in 
whole or in piyl.

PH
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With no town engineer to advise the town authorities, and with 
immunity from damage from flood for 30 years, the water vout.-c had 
been neglected, the street culverts had not been cleared out thoroughly, 
the open channel or ditch along the north side of Sophia st. had 
become a dumping ground for old tinware, old boots, etc., while the 
Council had permitted parties to cover the stream on private property.

These private culverts were not inspected when built or afterwards ; 
they were irregular in size, crooked in alignment and in shape, and 
were not repaired or cleaned out except as each owner or tenant might 
please. Floating boards, timbers, blocks, brushwood, grass, etc., be
came lodged ill the bends and irregularities in the private culverts, at 
points where they could not be seeu.

During the first week iu June, 1890, the corporation labourers were 
repairing some break in the old timber drain on Clappcrton st., and 
had an opening made in the street near Worsley st. for this purpose.

On Thursday, Juno 5th, 1890, the day of the Provincial Elections, 
an unprecedented fall of rain occurred in the vicinity of Barrie as well
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aa in different portions of the central parts of the Province of Ontario. 
The heavy rain was not uniformly distributed, as in some places, not 
five miles from Barrie, there was no rain to speak of. The downpour 
commenced about 2 o’clock in the afternoon of the 5th, increasing in 
intensity until 3 o’clock. The rain was accompanied by heavy thun
der and lightning, and tile town was in almost total darkness during 
the heavier! showers.

At 2.15n pond of water had formed northeast of Peel et.,, reported 
as covering about 10 acres.

This pond could not have been more than 500 feet in length, about 
150 feet in width at Peel et., and about 6 feet deep at its deepest 
point. From these dimensions it is evident that the pond could not 
have covered 10 acres, but it may have covered three, and the average 
depth could not have been more than two feet.

It is more than probable that the Peel st. culvert became blocked, 
as the water rose nearly or quite to the surface of the roadway. The 
roadway broke away about 2.20 p.m., and it is probable that the chan
nel of the stream below this was about filled by this time by the drain
age from Sophia st. and the lands to the north of it.

About 2.30 the stream overflowed Sophia st., for nearly the total 
distance between Owen st. and Bayfield st. some 1,000 feet, filling 
cellars and basements and invading the floors of dwellings, the Cen
tral Public School, and the business portion of the town on both 
sides of Dunlop st. from west of Bayfield st. to east of Owen st., 
a total distance of about 1,300 feet. The post office and railway sta
tion were surrounded by the flood, the water rising above the ground 
floor of the latter.
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The flood down Clapperton st. entered the old box drain at the point 
where the workmen were repairing it, and in a few minutes a torrent 
was rushing through it. The street was washed out in plaees from 
curb to curb from Worsley at. to the bay, the depth at Worslcy 
st. being 10 feet.

The detached residences and the fences along the south side of 
Sophia st. so obstructed the current that the greatest flow was along 
the streets.

m -y

Upon reference to the plan, it will bo seen that Ulappo non st. is 
2 or 3 feet lower than Owen In the cast or Bayfield to the west, also 
that the fall from north to south is much greater than at right angles. 
The gravel ridge before mentioned formed wing walls to concentrate 
the flow down C'lapperton below Worsley. The streams down Bayfield 
and Owen also did some damage by fillinz basements and cellars, and 
by entering on the ground floor of the Public School. The ground 
floor of this building at the rear is but little above the ground level, 
but at the front there are several steps from the ground to the floor. 
The street in front is 40 feet above the Bay and only 800 loot distant, 
the inclination, therefore, being 1 in 20, and uniform.

It is not surprising that a panic ensued among the children and 
teachers. The darkness, the lightning and the su Idea inrush of a tor
rent of water at that height above the bay would bo sufficient to make 
any heart quail.

The children were rescued by the lire department with sa ne difficulty, 
as the velocity of the current was such that the smaller children could 
not in their frightened condition make headway ag dust it.

On Clapp rton st. below Worsley the greatest dam igc was done.
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The old box drain collapsed, was washed out or filled up. For several 
hundred feet it was not only destroyed, but nearly every trace of it was 
removed, and the debris washed into the bay. The depth excavated 
by the torrent at Worsley st. was about 16 feet, decreasing to 7 feet 
at Collier and 4 feet at Dunlop.

From Worsley to Collier the height of the water did not exceed one 
foot above the surface of the ground, but at Dunlop st. the flood 
mark was fully 3 feet above the sidewalk.

From Sophia st. to Worsley st. the surface iuelination of Clapper- 
ton is 1 in 100 ; Worsley to Collier 1 in 25 ; Collier to Dunlop 1 in 50 
and below; Dunlop about 1 in 50.

A stream of water a foot deep, 60 feet wide, and flowing down an 
incline of 1 in 50, would be considered a large stream. Clapperton 
st. proper ends at Dunlop, meeting Bayfield at an acute angle. The 
force of the stream struck the west side of Bayfield below Dun lop, com
pletely demolishing one rough cast house, from which the occupants 
barely escaped with their lives. The total ([uantity of earth removed 
from Clapperton st. by the flood was approximately 7,000 cubic 
yards. The earth, timbers and debris were deposited along the railway 
tracks and carried into the bay. Cars were shifted on the tracks by 
the flood, the tracks undermined, and traffic suspended for some time.

Great difficulty was met with by the writer in securing satisfactory 
detailed descriptions of the flood on Clapperton st., as all who witnessed 
it were too interested in their personal safety, or in the saving of life 
and property, to make many observations of scientific value. The 
reports of the time at which the flood first rushed down the street and 
the time it ceased, as given by eyc-witnessjs, varied uio<t unaccount
ably, and the reports in the newspapers wore of little value except in 
itemizing the dauiagos done.

The following facts arc, however, to be relied upon:
1. The rain began early in the afternoon, the heavy rain beginning 

at 2 o’clock.
2. The pond above Peel st. broke away between 2.15 p.m. and 

2.30 p.m.
3. The culverts between Bayfield and John bccamo blocked, caus

ing the stream to overflow Sophia st. about 2.30 p.m.
4. Very heavy vain continued until 3 p.m., the heaviest downpour 

occurring at this time.
5. The greatest flow down the street was about 4 o'clock.
6. The creek continued to overflow its b inks on Sophia st. until 

5 p.m., if not lo tiger.
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7. Dunlop st. and Collier st. were flooded from Clappertoi to 
Owen for two hours.

8. The |iond formed above Peel st. had an area of about 3 acres, 
with a maximum depth of 6 feet.

9. The water course was practically dry at noon on the day of the 
flood.

As previously stated, the drainage area of the stream does not 
exceed 1,000 acres above Peel. The average slope of the sur
face of the ground in this area towards the lowest point is 1 in 
50.

The following is the reported rainfall for the 3rd, 4th, 5th and Gth 
June, as given by the Head Master of the Collegiate Institute, who had 
for m my years acted as observer for the Meteorological Department :—

Tilt. 3rd.Wed. 4th. Tliur. Sth.Fri. 6th.
Temperature, Max.............................. 98

Min.... .... .... .... .... .... .... .. 02
Rainfall, inches...................................... 0.54 1 24 2.90 0.05

*• duration...............................  2 lira 6 hrs 5 hrs } hr

In 4 days, rain fell to the depth of 4.73 inches.
The observations wore taken at a point about three-fourths of a 

mile easterly from the town hall, the observer being furnished with an 
ordinary surface rain gauge.

The rainfall, as reported by a corporation employee, was much 
greater than this, and his statements were corroborated by other wit
nesses.

The following is his report :—
“ Wednesday afternoon and night 2} inches of rain fell.
“Thursday, 5th June, f 1.45 p.m. to 2.15 p.m. 4J"

/ 2.15 “ “ 3.45 “ 0"
( 2.45 “ “ 3.15 “ 4jf"

The rainfall as above given was determined by measuring the depth 
collected in open vessels, barrels, pans, etc., within or near the flooded 
district.

It is probable that between 1J and 2 inches of rain fell during 
Wednesday and Wednesday night, and that during the afternoon of 
Thursday the rainfall was between 3 inches and 6 inches over the 
drainage area of the stream that caused the flood.

Three miles south of Barrie, ten miles north of Barrie, and 15 miles 
cast of Barrie there was but little rain on Thursday.

The distance from the centre of the drainage area of the stream to
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7. Dunlop st. and Collier si. were flooded from Clapperton to 
Owen for two hours.

8. The pond formed above Peel st. had an area of about 3 acres, 
with a maximum depth of 6 feet.

9. The water course was practically dry at noon on the day of the 
flood.

As previously stated, the drainage area of the stream does not 
exceed 1,000 acres above Peel. The average slope of the sur
face of the ground in this area towards the lowest point is 1 in 
60.

The following is the reported rainfall for the 3rd, 4th, 5th and Oth 
June, as given by the Head Master of the Collegiate Institute, who had 
for m my years acted as observer for the Meteorological Department :—

Tue* 3rd.Wed. 4tli. Tlror. Sth.Fri. 6th...........
*“ ' Mi,,.............. 62

2.90 0.05
“ duration............... 5 lire } hr

In 4 days, rain fell to the depth of 4.73 inches.
The observations were taken at a point about three-fourths of a 

mile easterly front the town hall, the observer being furnished with an 
ordinary surface rain gauge.

The rainfall, as reported by a corporation employee, was much 
greater than this, and his statements were corroborated by other wit
nesses.

The following is his report :—
“ Wednesday afternoon and night 2J inches of rain fell.
“Thursday, 5th June. ( 1.45 p.m. to 2.15 p.m. 4J"

? 2.15 “ “ 3.45 “ 0"
l 2.45 » “ 3.15 “ 4|"

The rainfall as above given was determined by measuring the depth 
collected in open vessels, barrels, pans, etc., within or near the flooded 
district.

It is probable that between 1J and 2 inches of rain fell during 
Wednesday and Wednesday night, and that during the afternoon of 
Thursday the rainfall was between 3 inches and 6 inches over the 
drainage area of the stream that caused the flood.

Three miles south of Barrie, ten miles north of Barrie, and 15 miles 
east of Barrie there was but little rain on Thursday.

The distance from the centre of the drainage area of the stream to
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Clapperton at. ie approximately 4,000 feet, the fall being over 50 feet 
or an average inclination of one in eighty, the water course being very 
crooked above Peel st. and obstructed by vegetation. The velocity 
of the stream was not observed, but it was probably not less than Z 
feet or more than 5 feet per second.

The writer was engaged to report upon the best means of repairing 
the damage done to the streets, and the works necessary to prevent a 
re-occurrence of the disaster.

The works consisted in :
1. Laying a sewer to the full length of Clapperton st., and then re. 

tilling the street.
2. Straightening and enlarging the channel of the stream below Peel 

and diverting it from private property where possible.
3. Raising the roadway on Sophia st.
4. Constructing culverts of uniform cross-section straight from end 

to end, and all built to grade.

V



DISCUSSION.

Mr.U. Holgm.' Mr. Henry llolgatc said that for some ti me previous to the above date- 
lie bad kept a record of rainfall at Allandale which is adjacent to 
Barrie, and upon the day above referred to he found that the rainfall 
was 6 J inches in three hours. The speaker, however, is unable to'say 
what the fall was during any portion of this time, not having been 
where the gauge was during the rainfall ; but as the rain was not steady, 
being a succession of heavy downpours, with intervals of about half an 
hour, he is sure it will be admitted that the maximum rainfall must 
be greater than would be given by dividing the total rainfall in inches 
by the length of time given above.

The speaker regrets that he cannot give the real maximum rainfall. 
His rain gauge was of such construction as to give accurate measure
ments, and was located in an open place, in no way interfered with By 
buildings or trees.

Should further proof be sought of this extraordinary rainfall from 
the Meteorological Office at Toronto, he would suggest that at the same 
time the records of rainfall for Sept. 17th, 1879, within the district 
from Barrie to Toronto be procured.

See clipping from Northern Advance of Al \y 9th, 1895, as to 
repetition of rainfall, though not so severe as in 1890 :—

“ NEARLY A DELUGE.

“ History repeats itself, and so do floods. Barrie came near having a 
“ repetition of the flood of June 6th, 1890. Between 6 and 6 o'clock in 
“ the afternoon of Tuesday, this locality was visited by a thunderstorm 
“ and an unusual fall of rain, and Sophia street creek was filled beyond 
“ the capacity of the culverts to carry the water away, and so flooded 
“ the low lands in its course. The old railway bridge at the entrance 
“to the old agricultural park and the roadway were washed away, 
“ leaving a wide gap about 12 or 16 feet deep. The water covered 
“the flats from Toronto to Mary street, flooding the basement of the 
“ Elizabeth street Methodist church and completely filling the cellar of 
“ Mrs. Hind's store, covering Mr. Scroggie’s property and lower part
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“ of tlic Water Works grounds. The culverts near the railway track 
“ became choked with driftwood, endangering the railway track. One 
“ half hour's more rain and we should have had quite as disastrous a 
“ flon 1 as the one in 1890. Sophia street creek overflowed the bank 
11 near Bay Held street, the water running through the block to the south.
“ It is quite evident that the culverts arc not large enough for au 
“ emergency such as these storms. The culvert at the corner of Sophia 
“and Bayfield streets is manifestly defective. The entrance should flare 
“ so that the drain may do all that is required of it, but it is much 
“ narrower at the entrance than the creek channel, and backs the water 
“ instead of carrying it away. The whole bed of the creek should be 
“ widened. The Board of Works has quite a chore on hand to make 
“ things right,”—May 7th, 1895.

Mr. Chipman in reply to a communication from the Secretary said : Mr. w. chip-
lu reference to the rainfall, there is nothing inconsistent in the fact 

that the quantity observed in the flooded area in 1890 was greatly in 
excess of that recorded j of a mile away. The writer does not say, 
however, that the fall reported by the Corporation employee is correct.

In a Paper by E. Kuichling, M.Am. Soe. C.B., on Rainfalls and 
Discharge of Hewers, Trans. Am. Soe. C.E., Jan., 1889. the following 
recorded rainfalls arc given :—

Amount Time
Place. Date. in inches. hrs. min.

Washington............................ 1872 1.60 ■ 1 00
Boston.................................... 1888 1.17 30
St. Louis................................ 1884 6.05 U
Providence............................. 1878 4.49 l oo

Rudolph Bering, M.Am. Soo. U.E., in discussing the Paper gives
the following :—

Amount Time
Place. Date. in inches. hrs. min.

New Lake, Mass.................... 1878 (.60 2 00
New Brunswick, N.J........... 1887 4.50 1 00
Auburn, N.H....«................ 1877 :i.mi 35
Grace, Ohio......... ............... 1888 7.00 2 00
Cresco, Iowa......................... 1883 4.30 1 00
Des Moines, Iowa.................. 1879 8.00 1 00
Clear Creek, Neb.................. 1880 i so 1 27
Dodge City, Kan.................. . 1888 3.24 45
Galveston, Texas.................. 1871 3.95 14
New Market, Alabama......... 1888. 4.80 2 00
Greenville, Tenn.................... 1885 2.00 15
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Amount Time
Place Date. in inches. lira. ii.in.

Embarras, Texas ... 1881 2.30 15
Galveston, Texas.... 1873 3.50 30
Keswick, Va............ 1881 2.00 30
Norfolk, Va............... 1888 148 10
Elswortli, N.C.......... 1880 9.00 3 30
Aikens, 8.C................ 1878 4.00 1 00
«Jacksonville, Fa.... 1873 3.72 41
Biscay ne, Fa............ 1874 4.10 30

In regard to the flood on Tuesday, -May 7th, 1895, the present 
Town Engineer, Mr. Ardagh, writes that the registered rainfall was 
1.44 inches, all of which fell in 45 minutes, or at the rate of nearly 2 
inches per hour.

Below the Park the flooding was caused by the collapse of an aban
doned railway culvert in the Park, the debris from which obstructed 
the culverts below it. One stump removed was 6 feet in length with 
roots spreading to 7 feet in diameter. It is stated that the flooding of 
Sophia Street at Bayfield was not caused by any accumulation of 
debris, but the evidence is not conclusive. The new culvert at this 
point constructed in 1890 has more than double the capacity of the old 
culvert, and more than three times the cross-sectional area of the old 
culvert on John Street-

In Barrie the matter of first cost determined to a certain extent the 
size of the new culverts. The professional literature on the proper 
sizes of culverts is scanty.

Given a watershed as described in the paper, is a culvert with a 
uniform cross section of 35 square feet with a grade of 0.60 per 100 
considered of sufficient size by the Engineering profession '!

Thursday, 9th May.

Thomas Mon bo, President, in the Chair.

The discussion on Mr. Chipman's paper on “ The Barrie Flood of 
1890,” and on Mr. Thompson’s paper on ‘‘ A Micrometer Attach
ment ” occupied the evening.



Thursday, 23rd May.

P. Alix. Peterson, Past President, in the Chair.

The following candidates, having been balloted for, were declared duly 
elected as :—

Members.

Edward Z. Puciiesnay, Edward Henry Keating.

Associate Members.

Joseph P. B. Casgiiain, Arthur Crumpton.

Students.

William F. Angus, Hugh C, Baker,
Harris: Miles Dirbi.ee, Alex. R. Qreio,
Archibald McOillivrat, Kenneth Moodie,
Sampson P. Robies, Robert P. Rogers,

John Kimball Scammell.

The following were transferred from the class of Associate Member 
to the class of Member :—

John Seabury O’Dwyer.

The following were transferred from the class of Student to the class 
of Associate Member :—

Robert Biceerdike, Jr., George Henry Richardson.



Thursday, 23rd May.

P. Ai.e.' . Peterson, Past President, in the Chair. 
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SPECIAL TRACK WORK FOR ELECTRIC STREET RAIL. 
WAYS, ESPECIALLY REFERRING TO THE MONTREAL 

AND TORONTO SYSTEMS

By E. A. Stone, Ma.K., A.M. Can. Soc. C.E.

Special work is the general term applied to all track work not in
cluded in the ordinary straight track ; its construction for electric rail
ways has undergone great improvements during the last few years, and is 
still improving. The introduction of electric power for the purpose of 
city passenger traffic gave rise to the present substantially constructed 
cars, which, with their additional weight of motors, brought about radical 
changes in the construction of the track.

Besides electricity as used in the trolley system, oilier motive ]owcrs 
have been tried to take the place of the horse, such as gas and com
pressed air motors, cables, electric conduits and storage batteries ; but up 
to the present time, the trolley system has demonstrated its practical 
superiority over all others.

The track which had answered all purposes for the old comparatively 
lightly constructed horse cars became utterly useless for the motor cars. 
As the special work is subjected to the greatest wear, and consequently 
requires the most frequent renewal, it changed form completely. The 
old cast-iron curves, with their short, lightly constructed switches and 
poor joints, had to give way to the heavier steel construction, bearing a 
greater resemblance to that of a steam railroad.

Special track work should be of good substantial construction, with 
the greatest care paid to the designing of the parts which wear most 
rapidly. It is most important that track, especially in the central parts 
of a city, should require renewal as seldom as possible, for such renewals 
arc very expensive, apart from the actual cost of the new track work, as
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traffic is interrupted, causing groat inconvenience and sometimes loss of 
business to tlio public, and generally demoralising a whole route of cars, 
and sometimes the greater part of the entire system. Special work 
should be made in such a manner as to cause the least possi ble obstruc
tion to vehicles, no part rising above the level of the paving more than 
is unavoidable; the necessary recesses, grooves, etc., should be as narrow 
and shallow as possible, to prevent wheels of vehicles from catching 
Flat surfaces should have a rough top to prevent horses from slipping 
upon them. All pieces should be finished so as to facilitate the paving, 
no long, unnecessary projections being left on bolts, etc. The curves 
should be of as great a radius as the width of the streets will allow. 
The sharper the curve, the greater is the wear on the track and wheels 
of cars; the slower the rate of motion, the more power required to drive 
the cars, the more uneven the motion and the greater liability to de
railment.

The track may be laid on longitudinal stringers, on cross tics, or 
directly on concrete with tie bars connecting the rails. The old tracks 
of strap rail weie laid on stringers, and the rail generally called stringer 
rail. (Figs. 1 and 2.) The greater part of the new construction is laid 
on ties, and in many rcspcws is similar to steam track work. A combina
tion of these two methods, consisting of planks laid longitudinally on 
cross ties, in order to give a more even surface, has been tried, but the 
results do not seem to have been so satisfactory as were expected. In 
several streets in Montreal, where permanent paving has been laid, the 
rails have been laid directly on concrete, and bound together by flat tie 
bars with threaded ends and double nuts. This, with the concrete be
tween the tics, and paving, makes a very solid bed ; however, it does 
not seem to have so much elasticity as track laid on ties in macadam.

The rails used in Toronto and Montreal are “ Girder ” rails. Those 
first laid have a height of GJ in. with a fl mge of 4J in., while those 
laid later are Ujj in, high with a flange of 5 in. The web of the rail is 
not directly below the centre of the head as in the “ tee ” rail, but nearer 
the gauge line, while a flangwny 1$ in. wide at the top is provided lor 
by a projecting lip. These rails average 75 lbs. per yard. This type 
of rail (Fig. 3) is used on all straight pieces and outside rails on curves 
in the special work. The inside rails arc made of a section very similar 
to this, the principal difference being that the lip is much heavier, 
being one inch in width at the top and rising 5-16ihs in. above the level 
of the head of the rail ; this provides an efficient guard for the cars in 
running round a curve, the groove is J in. wider than in the ordinary
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girder rail. This rail weighs 84 lbs. per yard. (Fig. 4.) Another 
section (Fig. 6) is, however, coming into use, and will no doubt largely 
replace these sections for special work; it is the same as the guard rail 
section, except that the groove is filled up with solid metal to within 
9-16ths in. of the top of the head, thus providing a double bearing for the 
wheels, as both flanges and treads of wheels rest on the metal, so that the 
care pass over all points without jolting, and the wear on the least 
durable parts of special work, viz., points, is greatly diminished. This 
section gives a rail of 89 lbs. to the yard. The peculiar sections 
of these rails, with their thin flanges and webs, and much thicker 
heads, cause a variable amount of toughness in the section ; the head 
having received the least amount of rolling proportionally and taking tile

bthinokh hail. sTHlSOF.lt GUARD RAIL.

U1RUKB BAIL 
iiHUlSABY SECTION.

OIHDBR BAIL 
OTARn SECTION.

oilmen hail
SOLID FLOOR SECTION.

TEE RAIL

longest time to cool is not so tough as the web and flange. Testa on 
pieces taken from the guard rail (Fig. 4) have given the following 
results :—

Head :—Tensile strength—64,300 lbs. per sq. in.
Elastic limit—75 per cent, of tensile strength

Elongation on 4 in.—3 f per cent. ; reduction in area—2 per cent., 
with an even and uniform whitish gray fracture, moderately fine grained. 

Web :—Tensile strength—91,260 lbs. per sq. in.
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Elastic limit—75 per oeot. of tensile strength.
El i igation on 4 in.—27 per cent. ; reduction in area—20 per cent., 

with a fine graine I light gray fracture.
The necessity for the Increase in the weight of the new rails over the 

old is made apparent when it is considered that the weight of a motor 
ear averages about 6 tons, while the weight of the old horse cars averaged 
only about. 2 tons ; and whereas horse cars run at the rate of about 6 
miles per hour, electric cars frequently have a speed of 15 miles per hour. 
Tee rail (50 lbs.) is also used largely for this work, hut its use is 
generally confined to macadamised roads in the suburbs, as its height 
is not suitable for paving purposes (unless raised on chairs), although 
otherwise quite ns efficient. (Fig. 6.) The girder rail being so high 
admits of block paving, and by the lip on the inside provides a good 
edge fur the pavers to work to, whilst the narrow groove offers n very 
slight hindrance to vehicles.

In tec rail special work, the inside rail on curves is generally guarded 
by a second rail being bolted to it, the two rails being held apart by 
cast iron filling pieces ; the space between these tails is afterwards 
filled with cement to within an inch from the top, so ns to cause as 
little obstruction to traffic as possible. The guard rail is slightly elevated 
above the running rail. Frequently rails arc used in paved street', of 
insufficient height to admit of a paving block between the tits and the 
head of the rail ; when this is the case, the difference in height has lobe 
made up by the use of chairs. This leads to lather complicated joints, 
and requires a longer time to 1 ay than the method of direct spiking to 
the ties.

MAIN DIVISIONS OF SPECIAL WORK.

Special work may be divided into four classes considered with respect 
to its use and its position when in place, viz. :—intersections, passing 
sidings, crossovers and turnouts, and miscellaneous combinations.

1. Interuction».—By the term intersection is meant the special work 
placed at the intersection of two or more streets, and may assume an 
almost endless variety of forms as regards number and direction of 
curves and the alignment of the main tracks. Tho work must be so 
constructed us to guide the cars in whatever direction required, with
out any other external assistance than the moving of the longues in the 
switches by the motor men. The cars must ride as smoothly as possible, 
i.e., there should be no jolting ; in places where a groove is to be 
crossed that would cause the car to run unevenly, the floor should be 
raised so as to give a bearing on which the flanges may run. On double
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track Hues the distance between tracks is usually Iront four to 6vc feet, 
but in order that ears may pass one another on the curves, and not be 
obliged to wait at the ends, this distance is increased to about seven or 
eight feet to provide ample elcarancc. This extra width is obtained by 
striking the curves from different centres, i.e., the curves arc not concen
tric, The practice in Montreal and Toronto has generally been to make 
the inner and outer curves of the same radius when the apex angle has 
been nearly 90° ; but when the angle varies greatly from a right angle, 
the outer curve has generally been made sharper than the inner when 
running round the obtuse angle. When the centre line of a street

in A MOX I» 8IIHXO.

changes direction, or has a ‘‘jog” at the intersection, necessitating a 
plain or reverse curve on the through tracks, the complications increase 
very rapidly.

2. Patting Siding\—These are used on single track lines where 
cars run in both directions ; they may be divided into two classes, vis.: 
diamond and thrown-over sidings.

In the diamond siding (Fig. 8) the track diverges like a Y at
A /------------------- 1

1/ h -■!



Electric Street Railway*. 335

THROWS OVKJt HI PINO.

either end, so that the centre line between the tracks in the siding is on 
line with the centre line of the single truck ; this is the form usually 
adopted on single tracks running through narrow streets. If it is 
desired that cars shall run either to the right or left at these points, the 
switches of the sidings must be provided with movable longues ; but if 
the cars always run in the same direction, they may be guided in the 
direction required by a movable tongue held to I he proper side by a 
spring, so that a car facing a switch is always guided to the same side, 
and a car trailing it compresses the spring, and passes on, the tongue of 
the switch falling back to its proper position. (See Fig. 25.) This 
guiding of the car in one direction, however, may be provided for much 
more simply by means of a switch without any movable part, commonly 
called a blind switch. One side of the switch is straight and the other 
curved. The front of the switch coincides approximately with the end 
of the curve of the switch, whilst the curve to the opposite side begins 
near the back of the switch, as shown in Kig. 10. If the ears always

/Via l

.... |IW

ruu to the right (as in Montreal and Toronto) the switch is made left 
hand, i.r., the P.C. of the curve turning to the left is in front of the P.C. 
of the curve turning to the right by the length of the switch (approxi
mately). Thus, a car approaching the siding travels straight along on 
the tangent past the point of the switch, and is then curved out of its 
path to the side by the curve in the rail behind, and when leaving the 
siding runs over the curve of the switch ; this is the best arrangement 
for such sidings, ns it is the simplest, most durable, and causes least 
delay to the ears.

In the ihrown-over siding (Fig. 9) otic track is continued straight 
through, whil-t the other is thrown over to me side of it ; this is suit
able for single track lines on a wide street, or in places where the track 
is on one side of the street. If ears are to be run to either side, 
switches with movable tongues arc necessity ; but if the cars always
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keep to the same side, the tongues must b1 provided with springs, or 
blind switches used. With the latter the problem is not so simple as in 
the diamond siding, and in order to solve it the main track lias a slight 
reverse curve placed in it extending from the front of the switch to a 
short distance inside the curve cross ; by introducing this, the general 
arrangement for the diamond siding holds good. (See Fig. 11.) The 
radius for the curves of passing sidings in Montreal and Toronto is 300 
feet to inside gauge line.

tiirowx-ovkr ainisu with aiexD switch is.

t-« 4" 1 -i

3. Crossover* and Turnouts.—Crossovers (Fig. 12 ), sometimes 
called connecting tracks, arc used on double track linos lor the pur
pose of transferring cars from one track to the other, and conse- 
q- cntly are placed at the terminations of regular routes and at points 
which arc made temporary terminii to accommodate special traffic. .

Turnouts (Fig. 13) are used where a double track runs into a 
single track, the centre line of the single track being on line with the 
centre line of one of the tracks of the double track line.

These crossovers and turnouts, as well as all special work, should 
change the direction of the car’s motion from one line into another with 
the least amount of resistance possible consistent with the data given. 
Those in Montreal and Toronto have 75 feet radius curves and about 25 
feet of tangent, the latter varying with the distance between tracks. 
This gives a crossover of about CO feet between extreme ends of switches.

r /-
h-4

I Hi. 13.
RIGHT HAND TVKNOVT.
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Crossovers and turnouts arc said to be cither left or right hand, accord
ing to the direction in which they curve from the track, as seen from 
the switch when looking towards the cross. Fig. 12 'hows a right hand 
crossover. If a crossover of either hand is suitable at a certain joint 
of the line, one of the snme hand as the side to which the cars run 
should be chosen, i.e., right hand crossovers arc preferable for systems 
on which the cats run to the right and left hand, on those in which the 
cars keep to the left ; this is on account of the fact that cars running 
always to the right will trail all --witches of right hand crossovers and 
face those of left, so that they cannot possibly take the wrong track in 
the first case, while they may be suddenly thrown out of their com so 
in the second, and accidents result.

In addition to permanent crossovers it is always necessary to have 
temporary ones during construction, which are laid directly on top of 
the paving wherever required. These arc so constructed as to be easily 
and quickly laid in jilaco and readily moved from one part of the line 
to another by a small gang of men.

4. Miecellaneoue Combination*.—Besides the work already men
tioned, there are several kinds of diamonds made to fill vatious 
requirements; there are also special combinations for car houses, etc. 
The simplest kinds of diamonds are those used where electric lines cross 
electric lines, aud only require the running rails. When an electric 
road crosses a steam road, the steam road track requires guard rails for 
greater safety, and the electric line should also be guarded either by an 
additional rail or jilate.

SUBDIVISIONS.

Intersections, cross-overs, etc., are composed of several Jiieces, which 
may be divided into the following sub divisions, viz. :—Tongue switches 
(single and double curve), blind switches, mates (single curve, double 
curve and combination), curve crosses (single curve, double curve and 
combination), diamonds (for electric and si -am crossings), sjdit switches, 
stub switches and lengths of rail (curved and straight). (See Figs. 24 
to 32.)

1. Tougue-Sicitehe*.—The tongue sw itch is perhaps the most 
important piece in any combination of special work, as it is subjected 
to greater and more frequent shocks than any other piece, its duty 
being to change the direction of the car's motion from ono lin ■ to 
another. When made of girder rail, it is constructed of the guard rail 
section to ensure the perfect guidance of tho wheels. When made of



333 Special Track Work for

tec rail, a guard is formed either by bolting on another piece of rail, 
or by carrying up the casting on the side to form the required guard. 
The switch generally consists of four main parts, viz. :—the tongue, a 
casting and two pieces of rail. The tongue is made of steel, and should 
be of a substantial size, having a cross section near the point, propor
tioned to resist violent shocks ; at the same time the point must be 
rather sharp to ensure the car “ taking " it exactly ; if blunt, the car 
may mount the tongue, and drop again, causing a severe jolt. If the 
top of the tongue rises above the level of the head of the rail, it is 
sloped at both ends so as to allow the rise and fall of the car to be 
imperceptible. The pin must be so placed as to make it impossible for 
a wheel to touch the tongue behind the pin, and so throw the switch 
btf'TC the back-wheels have reached the point. If the tongue were 
made so long that the distance from the centre of the pin to the tongue 
point were greater than the wheel base of the cars (about 7 feet) this 
would be impossible ; this method, however, would necessitate a too 
xpensive switch, and the difficulty is easily overcome by rounding the 

back of the tongue and placing the pin sufficiently far back. The pin 
should also be placed so that the wheels do not run over it, and so cause 
it to become loose, and should be so fastened to the casting that the 
tongue may easily be removed at any time. The top of the casting on 
which the tongue slides and the bottom of the tongue should be truly 
even, ns, if not, dirt will collect between the two, and after a short time 
the tongue will tilt when a car runs over it, and may cause the tongue 
to throw to the opposite side, or the back wheel may strike the point, 
either of which may be sufficient to throw the car off the track. Single 
curve switches arc those curved only on one side ; double curve switches 
arc curved on both sides. (Figs. 24, 25 and 29.)

2. Blind Switchet.—The blind switch is used in place of the tongue 
switch where cars always run off the curve at that point and never 
inter it. It closely resembles the mate in general construction. In 
order that the guidance of the car facing the switch may not altogether 
depend on the fact that the car will naturally take the straight track 
in the direction in which it is moving, rather than turn into the curve, 
a ridge is left along the floor on the straight track which acts as a gauge 
line, to make it practically impossible for the car to enter the curve. 
(Fig. 30.)

3. Malet.—The mate is the piece opposite the switch, on which the 
wheels of one side of the car run while the wheels on the other side 
are being pulled around by the switch ; its sole use is to provide a
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sui face for the wheels to run upon, and has nothing to do with the 
change in direction of the cat’s motion. It is made of two pieces of 
rail, and sometimes there is a castin g. One piece of rail extends over 
the whole length, and is straight if for a single curve mate, and curved 
if for a double curved mate ; the other piece is shorter and always 
curved, the head teiminating in a point. This point should be so 
designed that the gauge at the point is quite slack, so that a wheel 
facing the mate may not strike upon it. The width of the point should 
not be less than j-inch, as if made sharper it will wear to this. In 
girder rail the solid floor section makes the best mate, as it provides a 
wide floor for the wheels to roll upon, and the depth of the fl air below the 
head of the rail being less than the depth of the flange of the wheel, it 
quickly wears so as to provide a double bearing for the wheels, so that 
the point is passed without the wheels dropping heavily upon it. If the 
mate is not made of the floor section, hut of the ordinary girder rail as 
used on the straight track, or if of tee rail construction, a steel casting 
is necessary to carry the wheels over the pôint from the long rail on to 
the short one. This casting is more efficient if carried up on the inside 
to provide a guard ; for in case of the gauge being too slack, the tongue 
may have a tendency to jerk the car off the track. This casting must 
project considerably inside the gauge lino of the short rail, the p ath of 
the rear wheels on a truck not coinciding with that of the front ones 
hut lying about ^-inch inside, as may be clearly seen on any worn mate. 
(Figs. 26 and 31),

4. Curve Cronesi—Curve cross is the name given in this work to 
the piece corresponding to the frog in steam railrrad work : it differs 
considerably from the frog, however : one, at least, of the rails iu a 
curve cross is generally curved to a very sharp curve, whilst the frog is 
straight on cither track. The frog has wing rails, and a wheel crossing 
a frog runs from one piece of rail across the channel on to another rail, 
whi st in the curve cross a wheel generally runs the entire length of the 
cross on one piece of rail, the channel for the flanges being shaped out 
of the head of the rail. According as one or both rails are curved, 
the cross is said to be a single or double curve cross. (Figs. 27 and 32.)

5. Diamond».— Diamonds are made in various ways, according to 
the requirements they are to serve. A simple single track diamond 
lor the crossing of two electric lines consists of two main parts, each 
part being made ol five pieces of rail, one long piece with four short 
pieces butting up against it, two on each side ; the long rail is usually 
made to form part of the track ou the street having the greater amount
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of traffic. When an electric road dosses a 6team road, the diamond 
in usually all made of tee rail, of the same section as the rail 
of the steam road. If tile rails of the steam road are not to be cut, 
the diamond is made in three parts (Fig, 28), two outside and 
one inside the steam track, the whole being so constructed as to lilt the 
street car before reaching the rails of the steam track on to the flanges 
of the wheels, and t unning across on them to the other side, and thou 
dropping gradually to the ordinary level again, so that the only place 
where any jolt can occur to a car while crossing such a diamond is 
when it crosses the channel of the steam track rails, notwithstanding 
the fact that the rails of the steam track are not cut to the smallest 
extent to provide a passage fur the flanges of the street-car wheels.

6. Split Sicitche».—Split switches are used to a comparatively small 
extent on this class of work. They arc more especially adapted to 
suburban traffic where lee rail is used, rather than crowded thor
oughfares of cities. They arc especially suitable where cars always run 
to the same side, when the switch may be made to work automatically 
by means of a spring, and in this way they have been found very satis
factory.

7. Stub Switches.—Stub switches arc suitable for yard purposes 
and sidings only occasionally used ; tiny are cheap, which is always a 
point in their favour. The use of a stand prohibits their use in city 
thoroughfares.

8. Lengths of Rail.—Rails ior all special work should be accu
rately cut to the required lengths, and carefully bent to the proper 
template if for use on a curve, or accurately straightened if required 
for straight track. If part of a rail is to he straight and the remainder 
curved, the rail must not ouly agree with straight edge and template 
for the required lengths, but it must be tested, to determine whether the 
straight part is tangent to the curve, for if not, the piece will not fit 
correctly when placed in the work of which it for ms part.

THE DETERMINATION OP NECESSARY SPECIAL WORK.

Having laid down the routes of any street railway system necessary 
for the accommodation of the prese it traffic and that of tl: inear future, 
the special work required becomes apparent. It is most important that 
curves likely to be required in a few years, but not necessary at the 
present, should be laid, if at all possible, during construction, us the 
addition of a single curve to an intersection in some cases necessitates 
the reconstruction of the greater part of the whole intersection.
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SURVEYS.

A careful survey must be made of the intersection of streets requir
ing special work, and all measurements of lines and angles taken which 
are necessary to plot with the greatest accuracy the centre lines of the 
proposed tracks together with the street and curb lines.

PLOTTINO.

These measurements an: plotted to a suitable scale (say 10 feet to 
1 inch), and the most suitable radii for the required carves determined, 
which are usually from 40 to 75 feet radius (45 and 50 fl are most 
common in Montreal and Toronto).

The attempt is sometimes made to ease these curves as on steam rail
road work ; but when it is remembered that the length of most of the 
curves is about 80 ft., it will be seen how limited the space is in which to 
attempt anything of the kind; however, an improvement may be intro
duced by making the switches at the ends of curves of a longer radius 
than the main part of the curves, such as using 75 ft. radius switches 
on 45 ft. radius curves. This eases the curves for 10 ft. at each end and 
meets all practical requirements. Any further steps in this direction 
would seem to lean towards “ hair splitting.”

It might here be mentioned that although these curves would appear 
very sharp to engineers accustomed to steam railroad work, yet there 
is a case on record of a 50 ft. radius curve on a trestle being used on a 
steam railway, and operated successfully, the speed on it being from 8 
to 10 miles per hour. (U.S. Military Railway, Petersburg, Va. ; see 
Trans. Am. Soc. O.E. 1878.) The Manhattan Elevated Railway in 
New York city has curves of 00 feet radius.

There should he, if possible, sufficient space between the inside rail 
of the curve and the curb stone for a vehicle to pass a car easily ; this, how
ever, requires very wide streets. If this cannot ho done, the rail should 
be at about two feet from the curb stone at the corner, for if at say 
four feet, the. rould not be sufficient room for a car and vehicle to pass, 
but the attempt might be made and an accident ensue. The radii of 
the curves should also be determined with a view to sufficient room for 
the switches ; if this is not looked to, special short switches may be re
quired, which is not desirable. The intersecting points of the gauge 
lines should also be carefully observed, as, by the slight -iteration of a 
radius, combination pieces of complicated construction ami of an unen
durable character may often be avoided. The radii having been fixed,

w
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the gauge lines alone may bo laid down to a large scale (say 4 feet to 
1 inch), and the calculations proceeded with.

CALCULATIONS.

The data on whicli the calculations arc based are :—the gauge, dis
tance between tracks, angle of intersection, radii of curves, and some
times distances between apexes and deflection angles.

First, the tangents and lengths of all curves arc found ; next, the 
distances between the ends of the curves are determined.

In the case of a double track branch Off, with inner and outer curves of 
the same radius and equal central distances, this distance, a (Fig. 15), 
is given by---------distance between P.C.’e, « = (gauge + central dis-

centrc angle, 
tance) tan----- -,-----

If the radii are equal, but the central distances on the two streets 
are unequal, the distances required may be found as follows :—

Let G — gauge. (Sec Fig. 14.)
“ D\ and Di — central distances.
“ a = angle of intersection.

Since the radii of the inside and outside curves are equal, the tan
gents (for the same angle) arc equal.
.*. distance between P.C.’e ■ distance between apexes.
(both measured parallel to gauge lines)

a = (G 4- Di) cosec a s- (Q + Di ) cot a 
b = (0 + Di ) coeco a+ (0 + D\ ) cot a 
c = (0 *■ Di ) cosec a — (G + D? ) cot a 
d = {G + />_> ) ensec a — (<7 + D\ ) cot a
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When both the central distances and radii vary, the distances be
tween P.C.'t are found by adding and subtracting the lengths of the 
tangent», making allowance for the apex angle if differing very much 
from a right angle.

Next, the number of pieces into which to divide the intersection is 
determined, and the proper lengths for switches and mates fixed.

The points where the curves intersect the straight gauge lines are 
next found ; this may be done by either of the two following methods :

Taking Pig, 15 with distances as marked.

1st Method. Consider the point A,

Bi = v (-Rt + of — r;-
= v 2 O fa + Gr

H,
**" a, =

a, — tin
./V20Æ, +02 

V Ri

Similarly for B, \H, = -Jfa — (fa — D — 0)2

sin a2 = ïî±

. YVA,--(/fa-2>_0)*\
• •• “j = «*»; v------------------ Y------------ /

and'so on for other points.
g / O v

2nd Method.—For A, vers a, = fa + 0 a, - vert \ ft, + 0/
//| — if, sin a,

For B, a, =• tiers"1 ^ +

HtmRt sin a
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Similarly for other points.

At a distance i, the spread w 2 « sin '' (see Fig. 16), which is

the distance between two points at a distance » from the intersection 
point, one on the straight gauge line and the other ou the tangent to 
the curve at the intersection point.

The straight lengths of the figure (Fig. 15), i.e., the distances along 
the straight track between the points A, B, etc., are found by means of 
the lengths JET,, //,, etc., and the distance between the PC's. The 
arc to any point from the P.C. is given by : - 

arc ■ radius x *c.m. a.
So that the curved lengths, i.e., the distances between the points 
D, B, - F, E, etc., are found by taking the differences between the 
ares to these points ; while the distances beyond A, B. etc., to the other 
end of the curve are found by taking the differences between the total 
lengths of the curves and the arcs to these points.

The following tables have been calculated by means of the preceding 
formulre :—

Radius of inside gauge — 45' 0" Radius of inside gauge “ 50' 0*.
Gauge = 4' HV. Central distance — 4' 0" Gauge = 4' 8). Central diet. --4' 0*

Points
Fig!
15.

Perpen-

from P. C. 
in feet.

Angle at

subtended 
by arc to

Arc from 
P. C. to 
point in 

feet.

Pnt
two feet.

^ dlvuTar
Angle at 
centre 

subtended 
by arc to

Arc from 
P.C. to 
point in 

feet.

Spread
at

two feet.

A d F 21.117 25“ 08' 21.812 1 firs' 22.204 23“ 57' 22.863 9(5'
Ji 26.607 36“ 16' 28.467 14 It" 28.106 34“ 20' 29.995 14,'."
C 33.968 43“ 06' 37.396 nr .35.889 41" 00' 39.144 i«U*
D 18.547 24“ 21' 19.116 loi" 19.596 23u 0 V 20.137 98”

E 28.105 34“ 26' 29.870 14,V 29.614 32" 46' 31.293 1QJL* ldTB

When the intersection litis curves branching in both directions, as 
shown by Fig. 7, the points where the curves intersect as K, L, etc.,

c.m. - circular measure.
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have to be found, in order to determine the different lengths; the 
problem thus becomes “to determine the intersection point of two 
curves branching in opposite directions from parallel lines." This may 
be solved by either of the two following methods, the second of which 
is much the more readily applied. (Sec Fig 17.)

---------1

Lei R, - radius of curve with upper l'. C.
“ R, - “ “ “ lower P. G.
“ a » distance between P. C.'t measured parallel to gauge lines.
“ 6 ■> “ “ centres “ perpendicular “ “
“ c - “ “ “ “ in a straight line.
“ x = “ of intersection point' from upper P. C. measured

parallel to gauge lines.
“ 8 = angle between a line perpendicular to gauge lines and line 

joining centres.
“ V - angle at upper centre between radius to intersection point 

and line joining centres.
“ L - angle at lower centre between radius to intersection point 

and line joining centres.
“ B - angle at centre subtended by arc between lower P. C. and 

intersection point.
“ T - angle at centre subtended by are between upper P. C. and 

intersection point.
1st Method :—x*s i/=

.-. ;/ =» -JR'-x'
(x + a)*+(6-jr/.JV

x'+2ax + u’+6J-2 6-/R, + R,* - z* = R,*
which becomes
4 x* (a'+5*) + 4 ax (a* + 6* + R,* - R,*) - R» (26* - R,* - 2a* + 2 R,*)
> R,* (2 o* + 2 6* - R,*) - 6* (6* + 2 a*) - a*
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Corollary. When R, - R] - K
then x' + axm { If (4 R, -1' - 2 a’) - a' J

These formulae are very laborious to use in practice ; however, as 
in the majority of cases R, » R„ the corollary is the more frequently 
required.

Having found x, the angles B and T are given by

„ * + “ sin a = - jj—

sin 7’=

and.the spread at a distance *= 2a sin (~ô~ j

These formulae apply also when the two curves branch off in the same 
direction, with the exception that the spread is given by

^spread » 2« sin ^ ô~ ) C6*6 Fig. 18.)

2nd Method :

cos V «

Ian 8 *i-r b
c ™ 6 sec 0

c» + ft ‘ - -
2 c Tii

. c' + üa’-fli’ooe£-- TT»r-
J7- 6

B=. L + 0
A O ■ /Ji+T\

spread = 2«. siu f—^ 1
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Corollary. Wheo Ri = R, = R 
then U = L

11 v 2 R sec U = sec L =-----

spread = 2« sin U

When two ourves branch ta the same direction (Fig. 18) the above 
applies with the following exceptions :—

T = 18O°-fü-0)

and spread = 2s sin

Having fixed these points, the straight lengths are found as before 
by means of the perpendicular heights to the intersection points of the 
single curve crosses, and the distances to the diamond by means of the 
tangents. The arcs to the intersection points of the double curve 
•rosses are given by :—

For arc to intersection point on curve with upper P.G.,
are — R1 c.m. T.

For arc to intersection point on curve with lower P.C.,
arc = R; c.m. B.

so that the distances along the arcs between the points are given by 
taking the differences between the arcs.

In Fig. 7 it may be noted that when the radii of all the curves are 
equal, the angle 0 for the points L, N, 0 and P = intersection angle 
~ 90°.
that for the points AT, L, M and P; — Ri = R.

“ L, N, 0 and P\ — «, b and consequently 6 and c
are the same.
that the angle 17for the point .V = the angle L for the point 0, and 
eice verta.
that L N = L O, N U = O R, O P = K P, and PT = PS.

The following table has been calculated by the preceding formulas 
from the following data :—(refer to Fig. 7) Di = 4' 9", Dt = 4' 
0", a = 86 ° 33', gauge = 4' 8J", radius of inside gauge line of all 
curves = 45' 0".
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Points 
(Fig. 7).

Perpendicular 
from upper 

P.C. (*).

Angle at centre 
subtended by 
arc branching 

to left.

Angle at centre 
subtended by 
arc branching 

to right.

Spread at
2 feet.

K 5.313 24° 21' 6“ 08' 12f
L 10.394 20° 15' 13" 21' 13’,"
M 13.104 15° 17' 19" 50' 141*
If 16.851 2jo ty 19" 49' I9tr
0 17.162 26“ 43' 22" 25' ml*
P 22.166 33" 23' 26» 29' 2311'

Note s—24(90*—86’ 3.T) = 6° 54'
» difference between left and right angles of L and P 
» « •* “ of N and right of 0
m « «• right of If and left of 0

To determine the P.C. of n branch-off curve from a curved main track:

Let a]= deflection angle of main track tangents 
Let /9 = angle between one of these tangents and tangent to 

branch-off curve.
Let 0= angle between line joining centres and perpendicular from 

oentre of main track curve to tangent of branch off curve.

Let a = distance between apexes.
Let Ri = radius of main track curve.
Let R> = “ “ branch-off “
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It is required to determine the point P. 
F Taking x and y as shown by Fig. 19 :

* = « + Hi tan — y

a + R\ tan Ri eot0

n + Ri I tan

x sin 0 — Riand cos 6
It i Si

a + Rt tan " j sin 0 - R, cos 0 - Ra

Ri - Ri, when curves branch in the saute direction ns in Fig. 19.
Ri <■ Ri. “ opposite directions.

This determines the point P with respect to either P C.
To determine the intersecting points of the gauge lines when the 

main track curve lies wholly between the P.C. of the branch off curve 
and the nearest intersecting points.

'■m a>

P is the point to be determined (Fig. 30), taking lengths as marked. 
*■ 4- y* = £* 

j - l-(j — «) tan a 
x1 + |i — (x— a) tan aj * = R

which becomes
z* see 1a —2 x tan a (b +- a tan a) = ff — V_a tan a (2 b +

a tan a)
When the main track curves in 'lie opposite direction to that of 

the branch off, this equation becomes
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z1 sec2 a + 2 x tan a (h — a tan a) = IP — IP + a tan a (2 h — 
a tan a)

8 = s/»n — for both cases,

iiml spread = 2» when main track and branch-off

curve in same direction,

or, spread =2 «tin (~'2 °) w,lrn main track and branch off 

curve in opposite directions.
If the distance (A) from the P C. of a curve is known, the deflection 

(rf) to the curve at that point is given by 
d = r — V r'-A*

or d = r vert ( «*»'* *-•) (See Fig. 21)

'•* it

In order to make templates to which the rails arc bent, calculations 
are necessary for flit curves (over 60 ft.); but those of a shorter radius 
may be trammelled out. To calculate these templates, the deflections 
at every 3 inches from zero up to half the length of the required tem
plate are calculaied by one of the above formulae. These deflections 
are laid off on a board, a curve is drawn through tile points so found, 
and the board is thon eut to the curve. Of course the trammelling 
process is preferable whenever practicable.

Calculations for Crossovers.—Taking lengths ns shown by Fig. 12.

2 It vers a + tangent sin a = D+G

First, a length may be fixed upon approximately as desirable for a 
tangent ; with this length, solve for a (most easily done by trial), hav
ing found a approximately, assume an even value for it (say to near-
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est 10 minutes) for simplicity, and with this value'solvo the equation 
again for the length of tangent, determining it exactly, which will he 
very close to the desired length (practically the same).

The distance from centre P.C. to intersecting point of inside gauge 
is given by

x = D cosec a — (R — ^ ) ton ''

The total length between extreme end P.C.'s is given by 

1/ = 2 R sin a + tangent cos a
The distance from end P.C. to nearest intersecting point]measured 

along main track is given by

Z = (ft — °)sin « + x cos a

= Dcot a + ( Æ — ( sin a — 2 sir“)

15y making tangent = 0, the conditions for a reverse curve are 
given 2 Rvers a = D+G

and y = 2 R sin e
When a crossover is required for a width between tracks, Di , the 

only change necessary in a crossover designed for a width D is in the 
length of the tangent which is changed by a length — (A ~ D) 
cosec a.

To determine a reverse curve (short tangent between curves) between 
two tangents not parallel, at an intersection.

' » îi
A A. and U.B. are the two tangents not parallel, representing the

centre lines of a street with a deflection at the intersection of another 
street, the centre lino of which is represented by C.C.

Take distances as shown in Fig. 22.
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Fix upon a point which will bo convenient to form one end of the 
curve, and let its distance from an apex be ft.

Then, K\ vers 0 + tangent sin 8 + Ri vers 8 — a sin a —ft »in 
(o— /3) + Ri vers (a-ft).

Ae in the ordinary crossover calculations, fix 0 by trial and then 
solve for the tangent,

tangent = a sin a — 6 sin (a —ft) + R-i vers (a—ft)

— vers 0 (Ri +Ri )

Having determined upon the angle 0, and found the tangent, the 
other lengths are easily found.

Calculations for Diamond Siding.—Consider end A, Fig. 8.

total length between extreme P.C., = 2 R sin a
cos (angle at centre subtended by arc from rizht hand P. C. to interseo-

ongle of ourve cross =2 ft
distance from right hand P. C. to intersection point =(R—i O) sin ft.

These calculations apply when the curves begin at the same point to 
branch to either side as in Fig. 8 ; hut when the curves begin at differ
ent points (for blind switches) as in Fig. 10, the intersecting point does 
not lie on the centre line, and may be found as follows :—(Fig. 23.)
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, û jRi —/iz —a tan V =
b

R% 2 +(6 mc 0)2 —R\2
"" "■--------------- 'iR,h*Vcé——

_Ri2 ■ ( 6 sec 0 )-' — /V--8
«" * ~ 2 Ü1<T«ec 0

a = 90° + 0-n an 1 /9 = 90 ° -6-<\>

* — -®i $ and spread = 2 ». »/n(* ^

Calculation fur thrown-over siding with blind switches._The caten
ations are generally similar to those already described for crossovers and 
diamond sidings, except for the curves in the main track ; these are 
solved as follows (See Fig. 11, end A)

o = (R + i G) vers a + width of switch at back
a <*Ver^ = 2R

Total centre angle for curve adjoining switch = a + .
WORKING DRAWINGS.

Having completed the calculations for an intersection, the detail 
drawings for each piece are made, and sent to the shop, together with 
a print showing the whole intersection with the distinguishing marks of 
all pieces and lengths of the connecting rails. A drawing is also made 
for assembling the work in the street, showing all necessary measure
ments for laying out the work together with the position and marks of 
the various pieces.

SHOP WORK.
A bill of the rails required and the nece ssary new prints and refer

ences to old ones having been obtained from the Drawing Office, the 
manufacture of the work may be proceeded with. The bill of rails 
required (made out so as to give a minimum amount of scrap) is given 
into the hands of the man in charge of the rail saw, who proceeds to 
cut up the rails into the required lengths, marking the length of each 
and whether required straightor curved upon the web. The rails next, 
with few exceptions, go to the nil bender, to be either curved to the re
quired radius, or straightened ; they next proceed to the “ marker off,” 
who carefully marks the necessary lines for all machine work required 
to be done upon them, he also stamps the rails on the end with their 
distinguishing marks. The rails afterwards pass on to the machines (mill
ing machines, blotters, shapers, planers, etc.) suited to the work required ;
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thiy then go to tlie fitting shop to be assembled according to the draw- 
lop

in a tonnue switch the long rail has to be properly curved, and 
slotted or bent for the tongue to fall into place. The tongue is made 
of hammered steel, and the turned pin is shrunk in ; this is dropped into 
place, and all measurements checked before being considered ready for 
the track.

In the blind switch and mate, one rail is planed so as to leave a long 
notch on one side, while the other rail is planed to a point which fits into 
the notch ; the two arc strongly bolted or rivetted together and some
times finished on a planer.

The curve crosses have usually two pieces of rail, one of which has 
the upper part so shaped at the crossing point as to allow the 
second one to drop down on the first, and fit accurately into the place 
allowed for it ; while the second has the lower part shaped so as to 
allow the first rail to pass through, the two rails jointing neatly into one 
another. Great care is necessary in the fitting to have the angles of 
intersection exactly as required. In order to obtain the correct angle, 
the drawing shows the spread, w, at a fixed distance, together with the 
deflections, d\ and of the curves at that point ; so that this distance is 
measured along the rails from the intersection point and the deflections 
maiked from the gauge line, the spread is then measured between the 
points so marked. (See Fig. 16.)

CHECKING.

When an intersection has been made, it is sometimes advisable to 
have it assembled ns a final check before shipping. For this purpose a 
large piece of ground, as level as possible, is required, and much more 
than is actually occupied by the work when in place should be available ; 
the tangents of the intersection should be laid out, and a sufficient num
ber of points fixed to accurately check the end of each curve. Having 
laid out the ground, the pieces are assembled, and any errors observed 
may be corrected; this last step ensures the work being absolutely correct, 
and is the best check on the work that can be adopted.

ASSEMBLING IN THE TRACK.

In laying an intersection, it makes a great deal of difference whether 
the whole space required is graded at once and all traffic stopped, or if 
only part of the intersection is graded, leaving part undisturbed so as not 
to interrupt traffic. When the work has to be performed in the latter
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way, great care is necessary in placing the work, so that the remaining 
part when laid may fit up to and line in accurately with the first part. 
If it is necessary to lay out a curve, it is generally most easily per
formed by tangent and chord deflections or by ordinates from a chord. 
In grading a corner where ai: important intersection ia to be laid, care 
should be exercised in excavating to the correct depth and having the 
grading done evenly, for if the track has to be lifted say six inches after 
being laid, it means very much more than the same lift on ordinary 
track, as the weight of rail is sometimes enormous as compared with 
the extent of ground it covers ; aiso, if the work has been carelessly done, 
and presents a very uneven bed, much more time is necessary to couple 
up the join's than would have been required had the grading been pro
perly performed. The spacing of the tics for this work should receive 
more attention than is sometimes given to it, as it is a very important 
matter. The ties should be the very best available, and spaced more 
closely than those on the straight track.

The centre lines of tracks for both streets are accurately fixed, and if 
there is no diamond, the ends of the curves must be found ; otherwise, 
this is not essential. If there is a diamond in the intersection, this is 
laid first, bolted up and lined accurately. The other pieces having been 
scattered about in their approximate positions are next drawn to place 
and bolted together. The rails are then securely spiked to gauge, and 
lifted (if necessary) to grade, when the intersection may be paved and 
so completed. If there is no diamond to lay, an end of a curve may 
be taken as the starting point. To lay the intersection so as to have 
the through straight tracks in perfect alignment requires great care, as 
the joints are usually very close together.

An idea of the amount of rail that may be used in a single interscc. 
tion, and the consequent amount of labour required to make one, may 
be formed from the following figures, for one laid at the intersection of 
St. Lawrence Main and St. Catherine streets, Montreal (sumo as Fig. 
7). It is built of 75 lbs. and 84 lbs. girder rail (Figs. 3 and 4). It 
contains 2,150 feet of rail, and has a total weight of about 20 tons. 
There arc 86 built up pieces (switches, mates and curve crosses), and 
78 lengths of connecting rails, making a total of 164 pieces in the com
plete intersection. The extreme length between ends of opposite 
switches is about 110 feet. The radius of the inside gauge lines of all 
the curves is 45 feet, and the distance between tracks varies from 4 ft. to 
8 ft. 6 in. This intersection, as well as all others in Montreal and 
Toronto, was made by the Canada Switch Manufacturing Co., Lim., 
of Montreal.
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Such work, when properly constructed and laid, represents a large 
amount of capital, and deserves mucli more attention and care than the 
old cast iron work ; but, unfortunately, it seems sometimes to be treated 
no better. The curves at intersections arc necessarily very sharp, and 
in order to diminish the amount of power required and the wear on the 
rails (as well as on tires), they require oiling at least once a day for 
heavy traffic, while the rate at which cars run over special work should 
be strictly regulated to a low speed. The groove of the rail and the 
tongue switches require to be constantly cleared of the dirt which in
evitably collects, and if not removed causes great inconvenience. The life 
of such work may be appreciably prolonged by such attention, and when 
one considers the cost of renewal and the consequent interference to 
traffic while doing so, it will be readily seen that it pays in the end.

IKK KAIL SPECIAL WORK.

LONGITUDINAL SECTION. ^

no. 24.
TONGUE SWITCH.

a m. -tie*
SECTION A-A, SECTION 11-11. SECTION C-C. SECTION D-1».

no. as.
TONGUE SWITCH WITH SPUING.

ELEVATION.

EBBSEEa* MMminthfm-ffl

LONGITUDINAL SECTION OF TONGUE. SECTION A-A.
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KLEVATUi*.

SECTION A-A. SECTION B-H. SECTION ('•<',

ElU. 27.
ITRVE CROSSES.

SECTION H-H,

DIAMOND FOR CROSSING OF ELECTRIC AND STEAM 
RAILROADS.

X
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OlKliKlt 1IA1L KI-KCIAL WU11K.

TONG UK KW1TVII.

1 ,f » ■..... ■ " *.
ELEVATION.

SECTION A-A. SECTION Ml.

BLIND SWITCH.

ELEVATION.

SECTION A-A. SECTION B-B.
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HATE.

• • • « 1
ELEVATION.

et; .......^ •
* PLAN.

H S
SECTION' A-A. SECTION B-II.

CURVE CROSS.

SECTION A-A.



DISCUSSION.

Mr. A. K. Childs said :—
This paper is one which (he Society, 1 am sure, is very glud to 

hove, us it is well written, mid contains practically all the latest 
ideas on special track work for electric railways. It is written 
logically and clearly, and although there arc a number of small 
points with which we may not all be able to agree, still the main 
matter of the paper is thoroughly in lino with the latest ideas and 
the latest practice.

'1 ho question of truck construction has been studied by steam 
railway engineers for nearly half a century, and although great 
advances have been made in the practice, still there arc many 
changes going on, which indicate, that although the present system 
of building railways is a thoroughly good one, it is not yet all that 
railway men desire.

It is of course well known that the rolling stock of electric 
railroads, owing to the addition of motors, is much heavier than 
that of the old horse car lines, and that the speeds are also much 
greater. These two facts have caused heavier rails to he used 
and a higher class of steel to be put into them in order to insure 
long life and freedom from breakage. Although a few years ago 
65 and 75 pound rails were considered to bo very heavy, it is now 
a fact that the elevated railroads of New York are using a section 
weighing 90 pounds per yard, in an effort to secure the best posai 
hie construction. A few weeks ago, the Pennsylvania fi.fi. 
decided, at a meeting of its directors, to use in the future nothing 
but 60 foot rails, each weighing one ton, on the division between 
Jersey City and Philadelphia. This is the heaviest rail yet 
manufactured ; but although wo now consider them to be exces
sively heavy, there is nothing to assure us that in a few years 
more heavier rails may not be used.

The American Society of Civil Engineers has considered fully 
the question of standard sections of rails for steam roads, as well 
as a uniformity of method of testing such rails ; and from the fact 
that steam engineers are giving this question so much attention,
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it in advisable for electric railroad men to adopt their practice un 

intieli as possible, especially on surburban and intcrurban lines.
Ah to the wearing qualities of rails, it is a well-known fact that 

the higher the percentage of carbon the longer will be the life of 
the rail, and at the same time it is also well known that too 
much carlion renders the rail brittle and liable to breakage. 
This latter fact has usually influenced engineers in specifying a 
rail to have the carbon low in percentage, us the rolling mills are 
very liable to exceed the amount specified and thus get too near 
the limit. The amount of carbon should in each case ho proper 
lioned to the weight of the rail to get the best results.

. Owing to the increase in site of the street cars using electro
motive power, it has been necessary to make the track as rigid as 
possible, ns the lurching motion of long cars carried on four 
wheels with a rigid frame is very severe on the track when the 
cars attain a high speed, and this lurching motion is not only 
unpleasant to the passengers, but is very injurious to the track ; 
in fact, In this city (Philadelphia), the result of the pounding 
motion produced by the cars is already seen on several lines at 
the rail joints. The fruitful source of bad rail joints is the 
fact that the steel mills have been furnishing a very soft, low 
carbon steel for angle and fish plates, and as this steel has a low 
clastic limit and tensile strength, it takes a set tinder a blow from 
a wheel moving at a high speed. To illustrate this, the N. Y. C. 
& H. B. R.K. tested some 801b. rail and angle plate steel fur
nished from the same steel mill. The tensile strength of the rail 
steel was 120-,000 lbs. compared with 57,000 lbs. for the angle 
plate steel. The clastic limits were 60,000 lbs. and 30,000 lbs. 
respectively. A test was made ns to the breaking strength 
under a blow delivered by a falling weight, and the rail steel 
stood 2,000 lbs., falling 20 It., while the angle plate steel only 
stood 2,000 lbs., falling 0 ft., and thus it would be seen tlial a track, 
although having good steel rails, may be weak at the joints 
owing to the inferior metal used at these points. The remedy 
to this is a higher carbon steel. The present practice is to leave 
the matter of composition of the rails entirely to the mills, and 
not to provide an inspector to make tests on the material deliver
ed, and it would no doubt proven very valuable aid to the rail
roads for them to appoint inspectors to make tests on the rails 
delivered to their companies, and thus preventing the mills from
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delivering bad material, which they frequently do nt present, as 
it menus a loss of thousands of dollars to them to reject their 
own bad material.

Mr. E. A. Mr. Stone in reply said :—
Stone.

Mr. Childs’ remarks oil rails are very interesting, but when referring 
to their wearing qualities, lie would see in to lay rather too great an 
amount of stress on their chemical composition. While this is no doubt 
very im|«irtaut, yet the mechanical treatment which they undergo 
during manufacture is most probably of still greater importance. The 
tendency at the present time being to lessen the cost of production by 
quicker rolling at higher temperatures, the attempt is made to bring 
these rails nearer to the standard of the first steel rails produced by 
modifying the chemical composition. That the attempt has not been 
altogether successlul is apparent in places where bit lb. rails, alter 10 
to 12 years wear, may be «ten with as good, if not better, joints than 
rails, 30 % heavier, which have been in the track only 2 or 3 years. 
To increase the percentage of carbon above a certain point becomes 
dangerous, as brittle rails in a cold climate are certainly not very 
desirable.

The long rails referred to have certainly the advantage of requiring 
fewer joints, and so cost less for fastenings ; but against this there is 
the greater difficulty in handling, higher cost of transport, wider joints 
for expansion, and greater liability to get crooked during transport.
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