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lines, lettering, cte., must be clear and distinet.

When necessary to illustrate a paper for reading, diagrams must be
furnished. These must be bold, distinet, and clearly visible in detail
for a distance of thirty fect.

Papers which have been read before other Socictics, or have been
published, cannot be read at meetings of the Socicty.

All communications must be forwarded to the Secretary of the
Society, from whom any further information may be obtained.

The attention of Members is called to By-laws 46 and 47,
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Friday, 25th January.

TromAs MoNRo, President, in the Chair.
Paper No, 101,

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

By Henry T. Bovey, 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,
Mc@Gill 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 engincers and lumber-merchants, who must
unccessarily 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, .., 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 inerements of load, and it scems 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 continunlly subjected to excessive stresses, the
factor of safety being often less than 14 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,

TRANSVERSE STRENGTH.

The following Table 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 11 111 IV \4 vi VIl
1 96 66 66 69 69 69 69
X X X X X X
d 12.125 12.125 5.375 9.125 9.125 6.125 6
X X X X X X X
b 9 5.625  4.25 5 5 6 5.8125
Beams VIII IX X XI XII XIII X1V
1 69 204 198 204 204 204 204
X X X X X X X
d 5.1256 14.875 14.376 14.876 14.8756 14.75 14.75
X X X X X X X
b 5.5 9 6 8.6875 8.81256 6 6
Beams XV XVI XVII XVIII XIX XX XXI
1 198 198 138 138 138 138 138
X X X X X X
d 15 15 15.126 17.8 12.1 12 8.98
X X X X X X X
b 6.1256 6.125 9 8.76 9.1 8.88 5.9

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

X X X X X X X
d 15.6876 14.356 16.2 15.65 13.25 13.126 11.26
X X X X X X X
b 7.7 8.78 7.75 8.2 6.3756 6.18756 6.34375

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

7.25 7.1256 8.126 11.126 9.126 11.15
X X X X X X

L8756 6.21875 3.1 8.

X
d 11.25
X
6.25 6

b

1 3.125 3.3256
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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
Beams XLIIT  XLIV XLV XLVI XLVII XLVIII XLIX
1 120 120 288 120 120 150 150
X X X X X X
b 18 18 18 18 18 15.1875
X X X X X X
b 9 9 9 9 9.316 9.1
Beams L LI LII LT LIV LV
1 186 192 180 180 284 120

X X X X X
d 15 15,12 14.85 15 : 17.5

X X X X
b 9.0625 9 9.05 ‘ : 8.875

Beams LVI LVII LVIII X X LXT

1 120 180 180 g 186

X X X X
d 17.5 15 14.75 2 14.5
X X X

b 8.9375 9 6 5.625

The transverse tests were carried out with the Wicksteed 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 addie suspended from the
lever of the machine. Thus the two halves of the beam are really
equivalent. to two cantilevers loaded at the ends. By means of a very
simple device, the pressure ean be inereased so regularly as to cnsure
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 be introduced,

The formula used in caleulating 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 :—
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(a) That the beam is symmetrical with respect to a certain plane.

(b) That the material of the beam is homogencous,

(¢) That scetions 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 conncction of the elementary layers,

(e) That these elementary layers expand and contract freely under
tensile and compressive forees,

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

=g L@W, 4 W,
§ b d*
W ,-Ibs, being the weight at an end, W 4-1bs, half the weight of the beaw,
L-ins, the length of the beam between the two end centres of pressure,
b-ins, the breadth and d-ins. the depth at the section of fracture,

In practice, the breaking weight, W, + 3 W,, is usually determincd
from the formula,

I) (l'

W,.+3W,=C
C being the co-efficient of rupture. Hence, f = 3 C.

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 crror in the
caleulated skin stress, Thus from the formula just given it appears
that if 4f be the change in the skin stress corresponding to a change
Ad in the depth, then

sf=—24a4,

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,
i3 5,123 Ibs. The initial depth (d) of the beam was 17.5 ins,, and the
amount of the compression (ad) 2 ins. Thus the error (37) in the skin
tross is

Af=— 25117—2:2= 1171 lbs, per sq. in.,
and the actual stress becomes 5123 + 1171 = 6294 lbs. per sq. in.

)
showing an increase of 22.8 per cent,




I

74 The Strength of Canadian Douglas Fir,

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 correspinling to the breaking
weight, therefore, three assumptions may be made :—

1st, That the compression at the support may be disregarded.

20d. That the cffective depth of the bzam may be taken as equal to
the initial depth minus the amount of the comprassion, 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 b:um is alone affeeted, so
that the so-called neutral pline remains in the same position relatively
to the tension fuce of the beam from the commencement of the test to
the end.

Calculations based uponithese three assumptions have been mode in
several of the following cases, and it will be observed that in all cases
the skin stress caleulated upon the first assumption is invariably less than
the skin stress determined upon cither of t'ie remuining assumptions,

Thus any error is on the safe side.

It should be remembeared, however, that it is possible, and even pro-
bable, that neither of these assumptions is even a pproximately corrcet,
at all events, beyond the limit of elasticity, which in the casc of timber.
still romains indefinite. The portion in compression doubtless acquires
inercased rigidity, and thaas excrts a continnally insreasing resistance, so
that there is produced a more or less perfect equalization of stress
throughout the portion of the beam under compression, and this ¢qual-
ization will doubt'ess materidlly affeet both the elasticity and the
strength,

An interesting paper on the surface-loading of beams was presented
by Prof. C. A. Carus-Wilson to the Physic ] Socicty of London, (KEng.),
and an abstract of this Paper is t1 be founl in the author’s treatise on
the Theory of Structures.

The co-cfficient of elasticity, as determined by the tranverse loading,

] is deduced from the formula
3
: 1 AW s
K= -
4 A D bd?
; W being the increment of weight corresponding to the inerem:nt

D of the deflection,
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Here again an error A d in the estimated depth will produce an
error & E in the calculated co-efficient of elasticity measured by

AE=—_3 ful-

DOUGLAS FIR.

Beams I to ITT were sent to the Testing Laboratory by Mr, John Ken-
vedy, Chief Engineer of the Montreal Harbour Works.

Beams I and IT were of goad average quality.

Beam I was tested on March 1st, 1833, with the annual rings as in
Fig. 3. The load was gradually increased until it amounted to 45,000
Ibs., 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.

The co-efficient of elasticity, as deduced from an incremont in the
deflection of .23 in. between the loads of 3,500 and 22,500 Ibs, is
1,138,900 Ibs,

Table A shows the several readings.

Beam IT was tested on March 2nd, 1893, with the annual rings
running as in Fig, 4.

The load was gradually increased until it amounted to 36,575 lbs.,
when the beam failed by shearing longitudinally.

36375

VFms figaFigs

The maximum skin stress corresponding to this breaking weight is
4,378 Ibs, 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
subscquently referred to in the case of other beams. After the frac-
ture, the load upon the beam was again gradually increased to 34,000
Ibs. 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 Ibs.

Table B shows the several readings.

Beam IIT 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 1bs. per square inch,

The co-efficient of elasticity, as determined by an increment in the

deflection of .2 in, between the loads of 500 and 4,600 lbs,, is 2,178,-
100 lbs.

Table B gives the several readings.

Beams IV to VIII were sent to the laboratory by the 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

views offer Tea?
Figure. 6.
failed by shearing longitudinally along a plane AB at right angles to
the annual rings, the distance between the ends of the portions above
and below the plane of shear being } in. The plane of shear extended
to a distance of about 38 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
926,600 Ibs.

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 amouuted to
15,000 1bs., when fracture occurred by the tearing apart of the fibres
on the tension face. Under this load of 15,000 lbs, an apening of } in.
was developed in the end at the plane of shear,

On May 11th this beam weighed 56 ibs. 13 ozs., or 28.59 lbs. per
cubic foot. On May 17th, the weight of the beam was 56 lbs. 3 ozs.,
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 cubie foot per day, *

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

13480

“”/
4
¢ /(nl/lll i

fig.7 £18.8.

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 Ibs.

Table B shows the several readings.

The weight of the beam on May 11th was 59 Ibs., or 29.59 lbs, per
cubic foot. The weight of the beam on May 19th was 58 Ibs. 3 ozs.,
or 29,18 Ibs. per cubic foot, so that the loss in weight in the laboratory
was at the rate of .05125 Ib. 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 Ibs, 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.

i The weight of the beam on May 11th was 49 Ibs. 6 ozs,, or 31.05
Ibs, per cubic foot, and the weight on May 22nd was 48 1bs. 1 oz, or
f 30.23 Ibs., showing a loss of weight while in the laboratory at the rate
of ,07451b. per cubie foot per day.

Beam VII was tested on May 19th, 1893, In this beam the annu-
al rings ran somewhat obliquely as in Fig. 9. Under a load of
17,615 lbs., the beam sheared longitudinally along the plane AB,
Fig. 10, the distance between the ends of the portions above and

i below the plane of shear being 3-16ths of an inch, The plane of
i shear extended to a distance of 46-ins, from the end of the beam,
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The maximum skin stress corresponding to this breaking weight of
17,615 lbs, is 8,712 lbs,

The co-cfficient of clasticity, as determined by an inerease 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 Ibs, when the lever again floated.
The weight was then gradually increased until it amounted to 11,840
Ibs., 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 3-16ths in. to 3-10ths in., and the distance between the ends of
the portions absve and below the plane of shear at the other cnd of
the beam was 3-20ths of an inch,

After this sccond shear th> jockey weight was run back to 6,810 1bs.
k when the lever floated. The load was gradually inereased until it
amounted to 8,990 1bs.,, when the beam was fractured by the tearing
apart of the fibres on the tension face.
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On May 11th, this beam weizhed 60 Ibs. 4 ozs., or 40,69 lbs. per
cubic foot, and the weight on May 19th was 59 Ibs. 2 ozs., or 39.92
1bs. per cubic foot, showing a loss of weight in the laboratory at the
rate of .09625 1b. per cubic foot per day.

Beam VIIT was tested May 220d, 1893, 1In this beam the annudl
rings were oblique as in Fig. 12.  Under a load of 11,700 Ibs, it
failed at the support by the tearing apart of the fibres on the tension
face,
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The maximum skin stress due to th's load is 8,382 Ibs, per square
inch,

The co-cfficient of elasticity, as determined by an incrcase in the
deflection of .32in. between loads of 1,000 1bs. to 5,500 Ibs,, is
1,559,950 1bs,

Table B shows the scveral readings.

The weight of this beam on May 11th was 44 Ibs., or 36.76 lbs,
per cubic foot, and its weight on May 22nd was 42 Ibs. 14 ozs., or
35.74 Ibs. per cubic foot, showing a loss of weight in the laboratory at
the rate of L0927 Ib, per cubic 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 cut from a loz 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 Vaneouver, and lay in frosh water for ten months,

The 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, 3% ins. below the edge, and
about 1} 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 elusticity, as determined by an increment in the
defleotion of ,77 in, between the loads of 1,000 1bs, and 20,000 Ibs,, 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, 13th, 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 diumeter grown
on the mainland 120 miles north and west of Vancouver, on a hill-
side about 100 feet above the sca-evel. 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 crosswisc, and it failed by a cross frac-
ture along the plane AB, Fig. 15,

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

Table C shows the several readings.

The weight of the baam was 407 Ibs, 2 ozs., or 38.94 Ibs, por cubie
foot on Oct, 3rd, 406 lbs, 8 0zs., or 37.80 Ibs, per cubic foot on Nov.
10th, and 404 Ibs, 13 ozs., or 37.79 lbs. per cubic foot on Nov, 13th,
showing a loss of weight in the laboratwy at the rate of .03 lbs, per
cubic foot per day.

Beam XI. This beam was tested November, Tth, 1893, with the
annual rings as in Fig. 16. Its history is the same as that of Beam
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X. The timber was of a quality corresponding to first quality in the
market, and the grain for 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 of 3} 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 Lsaring apart of
the fibres on the tension face.

The waximum skin stress corresponding to this load is 5,698 Ibs. per
square inch.

The co-cfficient of elasticity, as determined by an increase in the
deflection of .54 ins, between the loads of 2,500 and 15,500 Ibs., is
1,770,563 Ibs.

Table D shows the several readings,

The weight of the beam was 595 lbs, 2 ozs., or 37.76 Ibs. per cubic
foot on Qctober 3rd, and 583 lbs., or 36,99 Ibs. per cubic foot on Nov.
14th, showing a loss of weight in the laboratory at the rate of ,0183
Ibs. 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. 1 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.

e

Fig.17.

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 fow season oracks, 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-cfficient of elasticity ss determined by an increment in the
deflections of ,545 ins. between the loads 2,500 lbs. and 15,000 lbs, is
1,678,300 Ibs,

Table D shews the scveral readings.

The time occupied by the test was 37 minutes.

The weight of the beam was 572 lbs,, or 35,65 lbs. per cubie foot on
Qct. 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 Ibs, per
cubic foot per day,

Beam XIIT. 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 quality 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 eracks 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.

29300.
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The maximum skin stress corresponding to this load is 6,912 Ibs. 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 13,000 lbs, is
1,643,193 lbs.

Table E shows the several readings,
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The beam weighed 381 1us, 15 oz., or 34.56 lbs, per cubic foot on
Oct. 3rd, and 375 lbs., or 34.13 lbs. per cubic foot on Nov, 15th,
showing a loss of weight in the laboratory at the rate of 11 1b per cubic
foot per day,

The time occupied by the test was 45 minutes,

Beam X1V is in reality Beam XIIT re-tested, the sccond test having
been made Dee, 20d, 1893, The beam was replaced in the wachine
with the erippled side reversed so as to be in tension. The load was
then gradunlly 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 skio stress corresponding to this load is 4,082 Ibs, per
square inch as compared with 6,912 Ibs. per square inch in the first
test. The co-efficient of elasticity, as determined by an increment in
th; deflection of .51 ins. between the loads of 1,000 Ibs, and 8,000
1bs., is 1,613,950 Ibs, 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 erippled 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, 18th, 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,

P4
Jroat viewof c;cn're,-[hrﬁdf
Fig.a.

Under a load of 37,000 lbs. the beam failed by the erippling 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
Ibs. per sq. in., the corresponding skin tension stress being 8,577 1bs, per
in. 8q.

Assuming the ordinary law to hold good for the whole of the effective
depth, the maximum skin stress would be 8,511 Ibs, 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 Ibs.,
is 1,989,400 1bs.

Table E shews the several readings.

The time occupied by the test was 30 minutes,

The weight of the beam was 445 lbs. 6 ozs., or 39.99 1bs. per cubic
foot on Oct. 3rd, and 433 1bs, 13 ozs., or 38.92 lbs, per cubic foot on
Nov. 17th, showing a loss of weight in the laboratory at the rate of
.0237 Ibs. per cubic foot per day.

Beam XVI. This is really Besm XV re-tested, the second test having
been made on Dec, 8th, 1893. In the first test the beam had failed by
erippling on the compression face ; the beam was now reversed, and
under a load of 25,5630 lbe, 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 Ibs., 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, occurrod at the second fracture,

o The maximum skin stress corresponding to the breaking load of 25,-
58C lbs. is 5,466 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 1bs,

Table E gives the several readings.

The weight of the beam was reduced to 428 1bs,, or 38,40 lbs. per
cubie foot, showing a loss between the test on Nov. 17th and that on
Dee. 8th at the rate of .02476 1bs. 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
C. M. Beecher. The whole of these timbers were cut on the coast sec-
tion of British Columbia. The trees from which Beams XVII, XVIII,
XX and XXI were cut, were felled during the summer of 1893, and
came from Hartney's Camp, Scymour Creek, while Beam XIX was
cut from a tree felled in the spring of 1894, and came from Rowling's
Camp, Salmon Arm.

Beam XVII was tested June 24th, 1894, This beam was coarse
graived, 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,

Fig.23, cJ-- Fig
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Under a load of 48,600 Ibs. it taied by the tearing apart of the fibres
on the tension face, the corresponding maximum skin stress, neglecting
the compression of the timber, being 4,906 bs. 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. 25. The distance between
the portions of the beam above and below the plane of shear at the end
was 3-10ths of an inch, Figs. 23 and 24 are 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 Ibs. per square mnch.

Assuming the ordinary law to hold good for the whole of this effective
depth, the maximum skin stress would be 6,350 Ibs. 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 Ibs.,
is 1,259,600 lbs, ¥
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Table F gives the several rcadings.

The weight of the beam, when shipped from Vancouver about April
21st, was 428 lbs., or 37.21lbs, per cubic foot ; on reaching the Labora-
tory on June 9th, the weight was found to be 411 lbs. 10 ozs., or 35,78
Ibs. per cubic foot, and on the day of the test, namely, June 24th, the
weight was 404 lbs, 8 ozs., or 35.17 Ibs per cubic foot, showing a loss
at the rate of .02918 Ib. per cubic foot per day between Vancouver
and the laboratory, and a loss at the rate of 04067 Ib, per cubic foot per
day while in the laboratory.

Beam XVIII. This beam was coarse grained, and contained several
large and small knots ; it was cut from the heart of the tree. It was
tested Sept. 28th, 1€94, with the annual rings as in Fig. 26,

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

When the load had been reduced to 1,000 Ibs,, 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
Ibs,, it returned to its initial condition without showing any set what-
ever,

The time occupied by the first 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 Ibs,, 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,
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The maximum skin stress corresponding to the breaking load was
5,196 Ibs, per square inch,

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

Table F gives the several readings.

The weight of the beam at the date of shipment from Vancouver,
April 21st, was 512 Ibs., or 39,08 Ibs. per cubic foot. On reaching
the laboratory, on June 9th, this weight was 492 lbs. 10 ozs., or 37.60
Ibs. per cubic foot, and the weight on Sept. 25th was 466 1bs, 6 ozs.,
or 35.59 Ibs, per cubie foot, showing a loss in weight between Van-
couver and the laboratory at the rate of .0302 Ib. per cubic foot per
day, and a loss of weight in the laboratory at the rate of 0181 Ib, per
cubic foot per day,

Beam XIX. This beam was of exceptionally good quality, with clear
close grain and no knots. It was tested Oct. 2nd, 1894, with the an-
nual rings nearly vertical, asin Fig. 30,
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The load on the benm wus giadually increascd up to 16,000 lbs,
when it was gradually relieved from load, the readings being taken for
each diminution of 4,000 Ibs, The corresponding readings are indicated
in Table F.

When it was completely relieved from load, the scales showed readings
of .03 in. at the centre, .001in, and .003 in. at the ends. These readings
were probably duc to inequalities in the timber or a possible sliding
of the scales, as the beam showed no evident sign of set,

The load was sgain immediately increased gradually from nil until it
amounted to 59,540 lbs., when the beam failed by ]ongitudihm
followed by the splintcring of the upper edges on the tension side, Figs.
31,32, Fracture was also indicated by the erippling of the fibres on the
compression side taking place between 58,000 and 59,540 Ibs.

The distance between the portions of the beam above and belowthe
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
Ibs. per square inch.

"The co-efficient of clasticity, as deduced by an increase in the deflec-
tion of .8 in. between the loads of 2,000 lbs. and 16,000 lbs., is 1,934,
600 1bs,

Table F shows the several readings,

The time occupied by the first loading was 10} mins., by the relieving
from the load 6§ mins., and by the second loading from nil to the max.,
15} mips,

The weight of this beam on April 21st, the date of its shipment
from Vancouver, was 410 lbs., or 44.99 Ibs. 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 Det. 2nd, the date of the test, was 375 lbs.
10 ozs., or 41.22 1bs, per cubic foot, showing a loss of weight at the rate of
.0392 1b. per cubic foot per day between Vancouver and the labo-
ratory, and a loss ut the rate of ,0161 Ib. per cubic foot per day
while in the laboratory.

Beam XX. This beam 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 ncarly parallel with the
axis, and containcd a number of knots,
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The load was gradually inereased until it amounted 12,000 Ibs,,
and at this point the beam was gradually relieved from load, readings
being taken for every diminution of 2,000 1bs. When the load had been
reduced to 500 Ibs,, the reading at the centre was .001 in., probably
due to a movement of the scale. I'he load wasagain gradually increased
until it amounted to 40,000 lbs., when the beam failed by the erippling
of the fibres on the compression side in the neighbourhood of a small
kuot 1} in. 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 1bs., when the beam again failed
by the tearing apart of the fibres on the tension face.

The maximum skin stress corrcnpondinrv to the load of 40,000 lbs,,
and disregarding the compression of the timber, is 6,559 Ibs., 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 com-
pressive stress would be 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 clasticity, as deduced from a change in the deflec-
tion of .22 in. between the loads 4,000 Ibs, and 12,000 1bs,, both forwards
and while being relieved from load in the first reading, and also during
the second loading, is 1,571,150 Ibs,

Table G shows the several readings.

The weight of this beam when shipped from Vancouver, April 21st,
was 349 1bs, or 41,16 Ibs. per cubic foot ; whendelivered at the labora-
tory on June 9th, it weighed 329 Ibs,, or 36.70 Ibs. per cubic foot, and
on Nov. 3rd it weighed 311 Ibs. 6§ ozs., or 34 92 Ibs. per cubic foot,
ghowing a loss of weight between Vancouver and the luboratory at the
rate of 091 b, per cubic foot per day,and a loss while in the labora-
tory at the rate of .0121 Ib, per cubic foot per day.

The time occupied by the test was 26 mins,

Beam XXI. This beam was tested Nov. 3rd, 1804, with the annual
rings asin Fig. 37,
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The load upon the beam was gradually increas:d until it amounted
to 6,000 1bs | when it was gradually relieved of oad, at the rate of 1,000




90 The Strength of Canadian Douglus Fir,

1bs. for cach 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 1bs., 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 erippling 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 Ibs. 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 compressive stress ut the point of fraeture is 7,901 Ibs. per square
inch, the corresponding skin tensile stress being 8,221 Ibs. 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 Ibs, 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 Ibs. and 6,000 Ibs., during the
first loading, and while being relieved of load, is 1,588,400 lbs,

Table G shows the séveral readings,

The weight of this beam when shipped from Vincouver, April 21st,
was 164 Ibs., or 38,86 lbs. per enbic foot ; when received at the labora-
tory on June 9th, the weight was 151 Ibs. 4 ozs., or 33.02 Ibs. per cubio
foot, and on Nov. 13th, the date of test, the weight was 139 lbs. 104
ozs., or 30,83 1bs, per cubic foot, showing a loss of weight betwecn Van-
couver and the laboratory at the rate of 1192 ibs, per cubic foot per
day, and a loss of weight while in the laboratory at the rate of .0149

1bs, per cubie foot per day.
The time occupied by the test was 18} mins,

OLD DOUGLAS FIR,

[ Beams XXII-XXV were sent to the laboratory by Mr. P, A.
Peterson, Chief Enginecr of the Canadian Pacific Railway.

These beams were four old stringers taken from trestles numbered
428 35, 316 and 789,

Trestle 428 is about hulf way between Ciseo Cantilever Bridge and
Lytton. It was erected in the carly summer of 1884, and the timbers
had consequently been in position for nine years, [t 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 Iope, where most 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 carly spring of 1887, so that the strmger was in position for a
period of 6% years in a place subject to the heaviest raiofall in the
province, The stringer was eut from a log most probably grown at
Point Grey, about eight miles from Vancouver,

Trestle No. 316 is two miles east of Spuzzum. The stringer from
this trestle was cut from a log grown on a beneh near Spuzzum about
500 feet above the sea-lavel, It was preparel and framed in 1881,
and crected in 1882, so that it was cleven years in position in a district
with a climate similar to that of Nova Scotia. As the railway here
rans north and couth, the sun had not the same effect upon the stringers
as on other parts of the line,

Trestle No. 789 is on Kamloopa Lake, six miles east of Savona, and
was erected in the spring of 1835 so that the timbers had been in
service for a period of ecight years, The neighboarhood 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 XXTII from Trestle 428 was tested Nov, 25th, 1893, with
the annual rings as in Fig. 41
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There were two vertical 1 in, bolt holes in the timbzr,—one near the
centre and one at the end. Therc 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
planc of shear at the end was §ths of an inch.

The maximum skin stress ejrresponding to the breaking load is
7,086 1bs. 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 Ibs, 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 cffective
depth, the mfximum skin stress would be 7,382 Ibs, per square inch.

The co-efficient of elasticity, as deduced by an increase in the deflec-
tion of .39 in. betweceen the loads of 2,000 Ibs. 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 2,000-1bs. and 22,000 lbs,

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 Oect. 3rd was 438 lbs, T ozs,

Beam XXIIT from 'I'restle No. 789 was tested Nov, 28th, 1893,
with the annual rings :s in Fig. 44, and showing the heart in one of
the faces.

The load upon the beam was gradually increased until it amounted
to 47,560 lbs,, when the beam failed by the tearing 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 Ibs,
is 7,339 Ibs.

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

Table I shows the readings under the various loads.

The total weight of the beam on Oect. 3rd was 654 lbs, 12 ozs., or
38.95 Ibs. per cubic foot; the total weight on Nov. 28th, the date of
test, was 549 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 cubie foot per
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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 Ib,
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. 1t contained two
vertical § in, bolt holes about half way between the centre and ends, and
a few knots of average size appeared on the face. It also contained
several season cracks,

Frg #8. -uioo.
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The initial load, including the weizht of the beam, was 5,000 Ibs.,
and the load was gradually increased up to 41,000 lbs,, when the
material at one end of the beam was erushed 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 Ibs. was 6,135 Ibs. per square inch,

The total compression under a load of 41,000 Ibs, at the centre was
1.7 in,, and taking the effective depth of the beam to be 14.5-ins., the
corresponding maximum skin compressive stress is 6,495 Ibs, per square
inch, the corresponding skin tensile stress being 8,221 Ibs. per square
inch,

Assuming the ordinary law to hold good for the whole of the effee-

tive depth, the maximum skin stress would be 7,662 lbs, per square
inch.




04 The Strength of Cumadian Douglas Fir,

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 lbs,, is
1,199,741 lbs, ; as determined by an increment of the deflection of
.33 in, between the loads 10,000 lbs. and 32,000 Ibs.,, it is 1,163,334
Ibs. ; and as deduced from an increment in the deflection of .29 in,,
the mean between 285 in, and 295 in., the increm:nts between the
loads of 5,000 and 25,000 Ibs, and 10,000 and 30,000 lbs, respectively,
it is 1,203,500 Ibs.

Tuble H shows the several readings,

The total weight of the beam on Nov, 25th, the date of test, was
331 Ibs, 9 ozs,, or 32.8 Ibs. per cubic foot.  After cutting off the ends,
thefweight of a length of 9 feet was 262 lbs. b 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,
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It contained one vertical bolt hole, several knots, and many scason
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 fuce, and
the beam failed by longitudinal shear, as in Figs. 51, 52.

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

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

Table T shows the readings for the scveral loads,

The total weight of the beam on October 3rd was 422 1bs,, or 34.44
1bs. per cubic foot, and on Nov. 28th, the date of test, the weight was
406 lbs,, or 33.11 Ibs. par cubie 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 oceupicd by the test was 30 minutes,
p y

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

I

Dimensions in inches.

& =
e -
-

New TiMBER, SPECIALLY SELECTED.

10,441 2,178,100
41,22 0,043 | 1,934,500
39,92 8712 | 2,044,115
38.92 R.020 1.989 400

4,021 1,629,616
5698 | 1,770,563
1,764,939
1,584,692
1,329,900
1,259,600
1,671,150
1.67 4,300
1,643,193
1,588,400
1,489,215
1,138,000
1,146,900

4,156

{
XXIII 186 A X B8 38.1 7,339
XXII 162 x b x .75 33.75 7,086 1,665,560
XXV 144 x 15.6 % B.: 33,11 4,613 949,720
XXIV 132 x X 32 .8 6,145 1,201,620

The following data may be adopted in practice :—

In the case of specially selected timber, free from knots, with sound
clear and straight grain, and cut out of the log at a distance from the
heart :

Average weight in lbs, per cubie foot = 40,
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Average co-cfficient of elasticity in lbs. per sq.in, = 2,000,000,

Average maximum skin stress in Ibs, 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 cubie foot = 34.

Average co-efficient of elasticity in lbs. per square inch = 1,430,000,

Average maximum skin stress in Ibs. per square inch = 6,000,

Safe working skin stress in lbs. per square inch = 2,000.

In specifying these data it will be observed that 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 und
all experiments show, may be strained without danger very m-m]y up
to the point of fracture,

Further, the results obtained in the cxperiments with the old
stringers shew that the strength of the timber had been retained to a
very large extent, and that the rotting had not extended to”such a depth
below the skin as to sensibly affect the cfficiency of the sticks, which
still possessed ample strength for the work they were designed to do,

Thus in Beam XXII adiminution in the skin stress of 1,058 lbs, per
square inch, which is cquivalent to a diminution in the effective depth
of 15:0575 x 1058

T x 7008
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 for 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

'l“t ;:"l‘ = 1,04 ins. and rot might safely cxtend to this

= 1.076 ins. would still leave 6,0001bs. per square inch

amount of
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 are the presence of knots, obliquity of grain,
and, more than all, the locality in which the timber was grown, the
original pasition 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 cxperiments 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 X1l BEAM 1 X
SNNOE NN

)
7

thickness in the growth rings from the heart outwards, and a careful
study of the results obtained up to date would seem to indicate that
the best clussification defining tne 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 portion as first quality,

A most interesting paper on the structural characteristics of Dou-
glas Fir from a botanical standpoint was read by Professor Penhallow,
F.R.8.C., at the mceting 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 XXVT to XXXIIT 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 Bonnechére River, Nipissing
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Distriet, 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,

- i
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The load upon the beam was gradually increased until it amounted
to 13,800 Ibs,, when the beam failed by the crippling of the fibres
on the compression face, Figs, 54, 55. The load was still further
incrcased until complete fracture took plice by the tearing spart of
the fibres on the tension face under a load of 17,170 lbs. The erippling
was in line with a koot running through the timber from back to
fornt, u8 in the Figure,

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

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

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

The co-efficient of clasticity, as determinel 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 inerement in the deflection of *5 in
between the loads 2,000 and 6,000 Ibs , is 1,248,990 lbs.

Table K shows the several readings.

The weight of this beam on March 10th was 302 lbs. 2 ozs., or
37.56 Ibs. 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 |b. per cubie foot per day.
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Beam XXVII was tested April 5th, 1894, with the annual rings
as in Fig. 56.  The beam was cut from the heart of the tree, and the |
darkencd portion in the Figure was sapwood.
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The load upon the beam was gradually increased until it amounted
to 17,700 Ibs., when the beam failed by the tearing apart of the fibres
on the tension face, Figs. B7, 58, at a resin pocket, the fracture
showing a fine resinous surfic,

The maximum skin stress corresponding to the breaking load in

5,219 Ibs. per square inch.

The total coripression 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 strcss being 5,707 Ibs, 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 clasticity, as deduced from an increment in the
deflection of .7 in, between the loads 1,500 Ibs. and 7,500 Ibs., is 1,418,-
500 lbs,

Table K gives the several readings.

The total weight of the beam on March 10th was 46 lbs, 12 ozs., or
41.51 lbs, per cubic foot ; the total weight on April bth, the date of test,
was 397 lbs. 4 ozs., or 36,50 lbs, per cubie 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.
569,
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The load upon the beam was gradually increased until it amounted
to 17,050 lbs., whea the beam failed by the crippling of the fibres om
the compression face, Figs. 60, 61. The load was still increased until
under 19,140 1bs, the beam again failed by the tearing apart of the
fibres on the tension face.

The maximum skin stress corresponding to the load under which
crippling took place is 6,752 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
squarce 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 1bs, per square inch,

The co-efficient of clasticity, ns 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 Ibs. ; it is 1,858,400 lbs,, as determined by an inerement
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 Ibs

Table K shows the several readings.

The test occupied 26 minutes,

The weight of the beam on March 10th was 379 lbs. 10 ozs., or
44.20 lbs, per cubic foot ; upon April 20th, the date of test, the weight
was 322 lbs. 8 ozs., or 37.5b lbs. per cub, ft., 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 anoual rings as in Fig, 62,
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The load upon the beam was gradually increased until it amounted
to 11,960 Ibs., when the beam failed by the erippling of the fibres on
the compression face, Figs 63, 64, The load was still further gra-
dually increased to 12,460 Ibs, when the beam was completely frac-
tured by the tearing apart of the fibres on the tension face.

The maximum skin stress eorresponding to the breaking load of
11,960 lbs. is 4,818 Ibs. 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 cffective
depth, the maximum skin stress would be 4,949 Ibs, per square inch.

The co-efficient of clasticity, as determined from an increment of
.86 in. in the deflection between the loads of 1,000 and 5,000 Ibs., is
1,210,100 Ibs. The eco-efficient of elasticity, as deduced from an in-
crement of 1,315 in. in the deflection between the loads of 1,000 Ibs. and
7,000 lbs., is 1,187,000 lbs,

Table L shews the several readings.

The test occupied 27 minutes,

The total weight of the beam was 290 Ibs., or 32.89 lbs. per cubic
foot on March 10th, and 282 Ibs. 6 ozs,, or 32.03 lbs. per cubic foot
on March 13th, showing aloss of weight in the laboratory at the rate
of ,2866-1b. 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,

G
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The load upon the beam was gradually increased until it amounted
to 5,700 Ibs,, when the beam failed by the crippling of the fibres on the
compression face, Fig. 66, the crippling extending 2} 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 2§ inches
from the middle of the beam, and vertically above the second line of
erippling on the compression side, Fig. 67.

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

The co-efficient of elasticity is 1,322,000 lbs,, as determined by an
increment in the deflection of 1.69 in. between the loads of 1,000 and
5,000 lbs, ; it is 1,329,900 Ibs., as deduced from an inerement in. the
deflection of .84 in. between the loads of 2,000 and 4,000 Ibs,

Table L shows the several readings.

The weight of this beam on May 4th, the day after the test, was 150
1bs. 11 ozs., or 30.96 Ibs, per cubie 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. Scason eracks ran intermittently from end to end of the beam
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in the 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 Ibs., when it failed by a erippling of the fibres on the com-
pression face, Fig. 69. The crippling oceurrcd exactly at the centre
and cxtended 1,5 in, upwards from the skin, The load was then
continued, and, when it amounted to 7,900 Ibs., the beam failed by the
tearing apart of the fibres on the tension face, Figs. 70, 71, and a line
of erippling on the compression side timber opened upwards for a
distance of about 2 ins, or 3} ins. The fracture on the tension
side took place about 5} ins from the centre, and the timber opened
along the annual rings for a distance of 24 ins. on cach side of the
centre as in the figure,

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

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

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,

The weight of the beam on May 4th, the date of test, was 165 lbs.
6 ozs., 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 o1 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
5,200 1bs., when it failed by a erippling of the fibres on the compression
side. The erippling occurred about 1} ins, away from the centre of
the beam and extended upwards about 1,5ivs, The load was still
increased, and when it amounted to 5,860 Ibs, the beam again failed by
the tearing apart of the fibres on the tension side, A line of erippling
also extended upwards a further distance of about 2 ins., or about 3}
ins, from the skin,

The maximum skin stress corrcsponding to the breaking load of
5,200 Ibs, is 6,928 lbs, per square inch,

The co-efficient of elasticity, ns deduced fiom an inerement in the
deflection of 1.67 ins. between the loads 1,000 Ibs, and 4,000 lbs,, is
1,675,200 lbs, per square inch,

Table I shews the scveral readings,

The weight of this beam on May Tth, the date of test, was 102 lbs,,
or 31.56 lbs, per cubic foot.

Beam (Plank) XXXIIT was tested May Tth, 1894, with the annu-
al rings as shown in Fig, 73.

The load upon the beam was gradually incrcased to 9,250 lbs.,
when failare took place by the erippling of the fibres on the compres-
sion side, Figs. 74, 75, There were two lines of crippling on the front
and onc 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 scetion of the beam along the eentral line at the lower
edge, but not up to the point where the failure due to compression
was apparently the greatest. In the ncighbourhood of the erippling
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 on 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
Ibs, is 6,554 Ibs. per sq. in.

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

Table M shews the several readings,

The weight of the beam on May Tth, date of test, was 128 |bs, 8
0zs., or 31,87 lbs. per cubic foot.

Beam (Plank) XXXIV, 'T'his beam was tested May 8th, 1894,
with the annual rings as in Fig. 76. .
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The load upon the beam was grauuaiy tucrcased until it amounted
to 5,600 Ibs,, when the fibres on the compression face erippled to a
small extent. On still further inereasing the load, the fibres on the
compression face were completely erippled, Figs. 77, 78, and fracture
also simultaneously oceurred on the tension side when the load
amounted to 8,400 |bs,

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

The maximum skin stress corresponding to the breaking load of
5,600 Ibs, is 5,079 lbs, per square inch, and the skin stress corres-
ponding to the load of 8,400 1bs.,, which caused the fracture on the
tension side, is 7,697 Ibs. per square inch.

The co-cfficient of clasticity, as deduced from an increment in the
deflection of 1,14 ins, between the loads of 500 and 5,600 Ibs., was
1,784,800 Ibs,

Table M shews the several readings,

The weight of the beam on May 8th, date of test, was 96 lbs. 2 ozs.,
or 36,59 Ibs, per eubic foot,

Soontviem, atcene, efefast
#7880
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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 the beam, and the grain ran in the same direction,
Scason eracks occurred intermittently thro ghout the beam.

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

The maximum skin stress corresponding to the breaking load of 7,600
Ibs. 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 Ibs,, is
1,589,250 1bs., and as determined by an increment in the deflection: of
.025 in, for the corresponding increase of 200 1bs. it is 1,642,900 Ibs,

Table M shews the several readings,

The weight of the beam on May 8th, date of test, was 128 |bs.
ozs, or 37,69 lbs. per cubic foot,

The following table gives a summary of the results obtained for
Red Pine :—
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XXXV.| 166 x 11.16 x 3.325 37.69 4,339 1,616,075
XXVIIL| 210 x 1125 x 6.34375 | 37.55 6152 | 1,802,633
XXXIV.| 1566 x 9.125 x 3.125 36.59 5,079 1,784,800
XXVIL 210 x 13125 x 6.1875 36.50 5,219 1,418,500
XXVL 210 x 13.256 x 6.375 36.39 3,937 1,241,950
XXXIL 174 x 7125 x 6.21815 | 24.97 5,442 1,618,900
XXIX. 210 x 1L.26 x 625 32.03 4,818 1,198,550
XXXIIL| 180 x 11125 x 3.1 31,87 | 6554 | 1618000
XXXIL | 180 x 8.125 x 3.1 31.56 6,928 1,675,200
XXX. 174 x 7.256 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-efficicnt of clasticity in Ibs, per sq. in,=1,520,056.
“ maximum skin stress J “ =5370.
If, however, the plank results are omitted,

The average weight in lbs. per cubic foot = 34.78,

# co-efficient of clasticity in Ibs. por sq. in.=1,434,747,
. maximum skin stress “ * =bH137.
In general, the following data may be adopted in practico : —

The average weight in Ibs. per cubic foot =34 6.

5 co-efficient of elasticity in Ibs, per sq. in.=1,430,000.
# maximum skin stress it “  =0,100,
4 safe working skin stress ¢ % =1,700,

3 being a factor of safety,

In the accounts of the several beams it will beobserved that the failures
are almost invariably due to the erippling of the material on the side
in compression, indicating that the tensile strength of the timber
excecds its compressive strength, and this was subsequently verified by
the dircet tension and comprassion experiments.

WHITE PINE,

Beams XXX VI and XXXVII are two pieces cut out of one large
piece of square pine, made and tiken 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 1892, 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.
u}oa colco. n}o-
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The load upon the beam was gradually inercased until it amounted
to 19,600 1bs,, when it failed by the tearing apart of the fibres on the
tension side,

The muximum skin stress corresponding to this load is 2,993 1bs,
per square inch.

The co-cfficient of elasticity, as determined by an increment in the
defleetion of 1.12 ins, between the loads of 5,000 and 10,000 Ibs,, is
503,440 Ibs, ; as deduced from an increment in the deflection of .84 in,
between the loads of 5,000 and 12,500 Ibs., is 463,768 lbs., and as
deduced from an inerement in the deflection of 2,13 ins. between the
loads of 5,000 and 15,000 lbs,, is 534,169 1bs.

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 Ibs,, showing a loss of weight at the rate of
.095 1b. per cubic foot per day.

Beam XXXVII was tested on Febroary 24th, 1893, with the

annual rings as in Fig. 82,

34Joo. STE650 Lo500.

£i882. Fig 86. Fig.ae.

The load was gradually inereased until it amounted to 24,000 Ibs,,
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 XXX VI1I and XXXIX were the two ends of Beam XXXVI
which vas tested February 16th, 1893, the central portion containing
the fracture having been cut out,

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

The load on the beam was gradually inereased until it amounted to
52,450 1bs,, when it failed by the tearing apart of the fibres on the ton-
sion side.
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The maximum skin stress corresponding to this load is 3,075 1bs, per
aquare inch,

The co cfficient of elasticity, as determined by an increment in the
deflection of .37 in, between the loads of 10,000 and 25,000 lbs,, is
622,640 lbs.

Table N shows the several readings.

Beann XXX was tested with the annual rings as in Fig. 84.

The lowd was gradually inercased until it amounted to 51,400 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 2,696 lbs. per
square inch,

The co-cflicient of elasticity, as determined from an inerement in the
deflcetion of 175 in. between the loads of 10,000 and 25,000 lbs,, is
433,250 Ibs,

Table N shows the several readings.

Beams XL and XLI are the two ends of Beam XXXVII which
was tested on Feb, 24th, 1893, the central portion of the baam contain-
ing the fracture having been cut out.

Beam XL was tested on Mareh 17th with the annual rinzs as in
Fig. 85. The load was gradually increased until it amounted to 53,650
Ibs., when the beam failed by the tearing apart of the fibres on the
tension <ide.

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

The co-cfficient of clasticity, 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 readinzs.

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 Ibs,, when it failed by the tearing apart of the
fibres on the tension side.

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

The co-efficicnt of eclasticity, as dedueed from an inerement in the
deflection of .19 in, between the loads of 10,000 Ibs, and 22,000 Ibs,, is
519,820 Ibs, 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 Ibs, per cubic
foot.

Beams XTLIT and XLVI were cut out of one large piece of square
pine made on the Pettewawa, a tributary of the Ottawa, in 1888, The
pieee was driven over 1,300 miles, andlay in water for four years until
it was taken out in the fall of 1892 and piled for winter sawing.

"T'his timber was purchased from Messrs. Shearer & Brown.

Beam XLIT was tested March 8th, 1893, with the annual rings as
in Fig. 87,

/-lg 87 /‘/‘8. f‘e’

The load on the beam was gradually increased until it amounted to
26,350 1bs,, when the beaw failed by the tearing apart of the fibres on
the tension side,

The maximum skin stress corresponding to thisload is 3,815 Ibs. per
square inch.

The co-efficient of elasticity, s determined by an increment in the
defleetion of 1.22 ins, between the loads of 2,500 1bs. and 13,000 Ibs,,
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
Ibs,

Beams XLIIT and XLIV ave the two ends of Beam XLII tested
March 8th, the central portion of the beam containing the fracture
having been cut out.

B:am XLIII was tested March 31st, with the anoual rings as in
Fig. 88,

The load was gradually increased until it amounted to 48,600 Ibs.,
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 1bs. per
square inch,
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The co-efficient of elasticity, as determined by an increase in the
defl cetion of ,19in, between the loads of 10,000 and 25,000 lbs,, is
649,780 lbs. per square inch.

Table O shows the several readings.

Beam XLIV was tested March 31st, 1893, with the annual rings
as in Fig, 89.

The load upon the beam was gradually increased until it amounted
to 51,870 1bs., 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 Ibs, is
649,780 Ibs, per square inch, the same co-efficient as in beam XLIII.

Table O shows the several readings,

Beam XLV was tested March 11th, 1893, with the annual rings
as in Fig. 90.

The load upon the beam was gradually inercased until it amounted
to 24,850 Ibs,, 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-cfficient of elasticity, as determined from an inerement in the
deflection of .81 in, between the loads of 2,500 and 12,000 1bs,, i
956,640 1bs,

Table P shows the scveral readings.

Beams XLVI and XLVII are the two ends of Beam XLV, tested
on March 11th, 1893, the central portion containing the fracture having
been cut out,

Beam XLVI was tested March 30th, 1893, with the anoual rings as
in Fig. 91,
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The load upon the beam was gradually inercased 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 Ibs.
per square inch,

The co-efficient of clasticity, as determined by an increment in the
deflection of .23 in, between the loads of 10,000 and 25,000 Ibs., is
536,770 Ibs.

Table P shows the several readings.

Beam XLVII was tested March 30th, 1893, with the annual rings
as in Fig, 92,

The load upon the beam wus gradually incrcased until it amounted
to 48,650 1bs,, when 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 theloads 10,000 and 25,000 Ibs., is 617,233
Ibs.

Table P shows the several readings.

Beams XLVIII to I were sent to the laboratory by Mr. P. A.
Peterson, These beams were purchas:d from the Pembroke Lumber
Company, and are supposed fo hive been similor in quality to the
timber used on the Pembroke section of the Canadian Pacific Railway.

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

98, nl‘:’e £Ig 96
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The load upon the beam was graduwly uereased until it amounted
to 38,100 lbs., when the beam failed by the erippling of th: material
at the support on the compression side, Fig. 94, The load was still
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gradually increased until it amounted to 47,960 Ibs,, when a complete
fracture took pluce 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, 95.

The maximum skin stress corresponding to the breaking load of
38,100 1bs, is 3,991 Ibs, per square inch ; the maximum skin stress
corresponding to the load of 47,960 Ibs, is 5,017 1bs. per square inch.

The total compression of the timber at the centre was .93 in., so
that, taking the effective depth to be 14,3875 ins., the maximum com-
pressive skin stress at the support would be 4,161 Ibs, per square inch,
the corresponding maximum tensile skin stress being 4,652 lbs. per
gquare inch.

Assuming the usual law to hold good for the whole of the cffeetive
depth, the maximum skin stress would be 4,447 1bs. per square ingh,

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

Table Q gives the several readings.

The total weight of the beam on March 1st, the date of test, was
524 Ibs, 10 ozs., or 41.08 lbs. per cubic foot, and on February 1st
the weight was 597 1bs., or 46,73 Ibs. per cubic foot, showing a loss
of weight at the rate of .209 Ib. per cubic foot per 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 darkencd portions represent supwood.

7ig97* 3.,%00. Fig 98,

The load upon the beam was gradually inercased until it amounted
to 47,080 Ibs., when the beam failed by the tearing apart of the fibres
on the tension side, accompanied simultancously by a longitudinal shear
and a erippling of the material in the compression side, Figs. 98, 99.
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The maximum 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 Ibs. per square inch, and the correspond-
ing skin tensile stress would be 7,353 lbs. per square inch.

Assuming the usual lJaw 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 inerement of 435
in,, between the loads of 3,000 and 21,000 Ibs., is 1,052,600 1bs.

Table Q shows the several readings,

The weight of the bevm was 525 lbs. 12 ozs., or 41.33 Ibs, per cu-
bic foot February 1st, and 473 Ibs. 12 ozs., or 37.24 lbs. per cubic
foot on March 201, showing a loss of weight at the rate of .141 lbs,
per cubic foot per day.

The time occupied by the test was fifty minutes,

Beam L was tested March 10th, 1894, with the annual rings as
in Fig, 100.

.uioo
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The load upon the beam was gradually inereased 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 loadis 4,370 lbs,
per square inch,

The co-cflicient of clasticity, us deduced from an increment in the
deflection of .805 in., between the loads of 1,000 and 19,000 lbs., is
1,184,240 lbs,

Table Q shows the several readings,

The weight of the beam was 509 1bs, 12 ozs. or 33.64 lbs. per cubic
foot on March 10th, the date of test, and 573 Ibs, 8 ozs,, or 37.25 lbs,
per cuabie foot, on Fcbruary 1st, showing a loss of weight at the rate

. of L0975 Ib. per cubic foot per day.
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OLD WHITE PINE.

Beams LI to LIII are three old white pine stringers sent to the lab-
oratory by Mr. P. A. Peterson. These stringers had been in service
since 1885, i.e., for about eight years; they were removed from the
trestles during the summer of 1892,

u‘so. f78 103
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Beam LI was tested D:comber 1st, 1893, with the annual rings as
in Fig. 101,

The load upon the beam was gradually inereased until it amounted
to 22,730 1bs. 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 Ibs, per
square inch,

The co-efficient of clasticity, as determined by an increment in the
deflection of .55 in., between the loads of 2,500 lbs. and 12,000 Ibs.,
is 082,480 lbs,

Ta ble R 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. 1§ ins. was 376 Ibs,, or 2812 Ibs. per cubic foot on December 20d,
and 367 lbs, b ozs., or 27.47 lbs, per cubic foot on December Sth,
showing a loss of weight at the rate of .1083 Ib. per cubic foot per
day.

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

The load upon the beam was gradually increased until it amounted
t0 26,320 Ibs., 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
3,689 Ibs, per square inch,
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F£ig 10¢ Fig 106

"The total compression of the material at the support was .37 in., so
that, taking 14.85 ins. as 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 be. per equare inch. Assuming the
usual law to hold good for the whole of the depth, the maximmm skin
stress per square inch would be 3,774 lbs,

The co-efficicnt of clasticity, as determined from an increment 1 the
deflection of .635 in. betwecn the loads of 2,500 lbs. and 14,500 lbs.,
is 929,690 Ibs,

Table R shows the several rcadings.

The weight of the beam on November 29th was 430 lbs,, or 28.71
1bs. per eubic foot, and on Deccmber 9th, the date of test, the weight
was 415 1bs. 63 ozs.,, or 26.08 lbs, per cubic foot, showing a loss of
weight at the rute of .263 Ib. per cubie foot per day.

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

The beam was a poor specimen, being full of knots and scason
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 Ibs., when it failed by the tearing apart of the fibres on
the tension side.

The maximum skin stress duc to thisbreaking load is 2,495 lbs, per
square inch.

The co-efficient of elasticity, as determined by an inerement in the
deflection of .55 in. betwecn the louds of 1,600 Ibs, and 10,000 lbs,, is
660,930 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 Ibs, 13 ozs., or 28,25 lbs. per cubic foot on
Dee. 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 :— b
New Timser. !
g | A |k
3 2
o3 : % :
| £y 8 | £ i
. . Ly o8 s £ g | u-_g: il
Beans. Dimensions in inches. Za e o= i
=8 % “n i
ss | 5E | F° ]
5 Z 4 5] i
=3 E= & i
22 | 3§ $ !
e =l -] I
. = = o !
l d b ':; (
XLIL 288 x 18 x 9 41.49 3,815 979,220 i
XLV. 288 x 18 x 9 41.49 3,681 956,540 "
XLVIIL | 150 x 15.1875 x 9.375 41,08 3,991 1,164,700 -“
XLVIL 120 x 18 %x 9 39.53 2,740 536,770 1"
XLVIIL. 120 x 18 x 9 39.40 3,003 617,283 i
XLIII, 120 x 18 x9 39.50 3,000 649,780 )
XLIV. | 120 x 18 x 9 39.40 3,148 649,750 i
XXXVI.| 288 x 18 x 9 37.25 2,993 500,060 i
XLIX, 160 x 15637 x 9.126 37.24 4,936 1,052,600
XXXVIL| 288 x 18 x 9 36.43 3,066 !
XL. 120 x 18 x 9 36.13 3,311 ‘ 693,090 f
XLI. 120 x 18 x 9 36,13 2,500 519,820 ]
XXXVIII| 114 x 18 x 9 34.78 3,075 ‘ 622,640 i
XXXIX.| 102 x 18 x 9 34.78 | 2,696 l 433,250
L 186 x 15 x 9.0625 | 33.64 | 4,370 | . 1,184,240
OLp TimBER.
TLIL IS0 x 15 x 9.05 28.25 2,495 650,930
LL | 192 x 1512 x 9 28.3 3,212 982,480
LII. 180 x 14.85 x 9.056 26.08 3,589 929,690 |
Hence, for the new timber,
The average weight in Ibs. per cubic foot = 37.88, i
4 co-efficient of elasticity in Ibs, per sq. in.="754,265. |
£ maximum skin stress “ =3388. i
The following data are suggested for practice :— [
The average weight in Ibs. per cubic foot = 37.8. {
B co-efficient of elasticity in Ibs. per sq. in,=754,000, ;\
. maximum skin stress ol “ =3,300. i
- safe working skin stress in lbs, per £q. in., 3 being at b

factor of safety = 1100,
Further experiments will probably show that these data require some t
i
|

modification. In fact, the actual skin stress and co-efficients of elas-
H
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ticity are certainly greater than those given in the preceding table,
which have been calculated on the assumption that the amount of the
compression at the central support is sufficiently small to be disregarded,
but it has been shewn, as for (xample, in the case of Beam XLIX,
that the skin stresses are largely affected by this compression. The
co-efficients of clasticity are alo 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 stiffncss,
Other old timbers will require to be tested, however, before any definite

=

=

e

statement can be made on the subject.

NEW SPRUCE BEAMS,

Joam LIV was tested Nov. 2nd, 1893, with the anuual rings as in
Fig, 106,

|
:/7( 07

|

| } :

| I
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This stick was sent to the laboratory by Mr. T. J. Claxton, Tt was
cut out of a tree felled near the Skeena River, British Columbia, on
the Pacific Coast, about six hundred miles north of Vietoria. The log

was felled in Dee,, 1892, or January, 1893, and was over 100 it, in

length, squared 36 ins, at the small end, and would have provided from
12,000 to 15,000 of market lumber,

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

It wight, perhaps, be of interest to note that the cost of freight for
this beam from Claxton to Victoria was $4.00 ; from Vietoria to Van-
couver $2.00 ; from Vancouver to Montreal $§46.00; and the cartage
to the University $4.00, making a total cost of freight of $56.00.
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It is said that the spruce from the Skeena District is of 4 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 amourted
to 36,800 Ibs,, when the beam failed by the erippling of the fibres on
the comprassion side, Fig. 107.

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

The total compression of the material at the central support was .5
in,, 8o that taking the effective depth as 17 ins,, the maximum skin
compressive stress is 5,941 Ibs, per square inch, the corresponding skin
tensile stress being 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-cfficient of clasticity, as deduced from an inerement in the
deflection of 1,15 in<, between the loads of 1,000 and 15,000 1bs., is
1,528,499 Ibs,

Tuble S shows the several readings.

The weight of the beam on Oct. 3rd was 751 lbs, 6 ozs., or 27.206
Ibs, per cubic foot, and on Nov, 3rd, the date of test, it weighed 735
Ibs. 2% ozs., or 26.614 ibs. per cubie fout, showing a loss while in the
laboratory at the rate of .019 lbs. per cubie foot per day.

Beams LV and LVI are 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,

The load was gradually inereased until it amounted to 73,000 lbs.,
when it failed by the erippling of the fibres on the compression side,
Fig. 109.

The maximum skin stress coriesponding 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 Ibs, per square inch, the corresponding
tensile skin stress being 6,641 Ibs. per squarc inch,

If it is assumed that the usnal law holds good for the whole of the
effective depth, the maximum skin stress becomes 6,176 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
thirtcen 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 Ihs. and 10,000 lbs,, is
1,070,950 1bs,

Table T shows the severa] readings.

The weightof the beam on Nov, 3rd, date of test, was 26,614 lbs, per
cubic foot.

Beam LVT was tested Nov. 4th, 1893, with the annual rings as in
Fig. 110.

70000,
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The load was gradually increased until it amounted to 70,000 Ibs,,
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 cffective depth, the maximum compressive
skin stress is 4,916 1bs, per square inch, the corresponding tensile skin
stress being 6,280 1bs. per squareinch,

If it is assumed that the usval law holds good for the whole of the
effective depth, then the maximum skin stress becomes 5,806 Ibs, 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
t0 .77 in,
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The co-efficient 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 Ibs.

Table T shows the several readings.

The weight of this beam on Nov. 3rd was 26.614 Ibs. per cubic foot.

OLD SPRUCE.

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

Beams LVIT and LVIII were cut at Galbraith’s Mill, three miles
from Sherbrooke, in 1886, and grew near the same place. They were
used in the construction of the bridge near Lennoxville 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, ¢.e., 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 3 in. at the ends on the bearings, and several sea-
gon cracks were shown on the surface.

Beam LVII was tested on the 21st April with the annual rings as
in Fig. 112

Front perepective :/b;/oﬂM.
~ig /1%

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 planc of shear at the end being § in.

Twmediately after the fracture the jockey weight was run back until
the lever again floated, the load upon the beam being 21,000 lbs.
Thisload was then gradually increased until it amounted to 24,700 Ibs,,




122 The Strength of Camadian Douglas Fir,

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 plave of shear wus also increased to § in,

The wmaximum skin stress corresponding to the breaking load of
25,700 Ibs. is 3,459 Ibs, 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 3,626 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 Ibs. per
square inch,

The co-efficient of elasticity, s 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 seveial readings.

The weight of this beam on April 10th was 502 1bs., or 33,82 lbs,
per cubic foot ; its weight on April 21st, date of test, was 491 Ibs, 4
0zs., 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 anounted
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 necar the end of the beam. The season crack for a
distance of about3 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 ncar 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 strcss corresponding to the load of 27,470 1bs,,
is 5,709 lbs. per square inch.

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

Table U shows the several readings.
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The weight of the beam on March 10th was 267 Ibs. 1 oz., or 27.36
Ibs. per cubic foot, and its weight on May 2nd was 258 Ibs. 6 ozs., or
26.47 lbs, per cubic foot, 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 June 2nd, 1894, with the annual rings as in
Fig. 115.

18%0a

Fig.ns. Figre Fgur.

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

The maximum skin stress eorresponding to chis load is 2,963 1bs,
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 Ibs. per square inch, the corresponding tensile skin
stress being 3,396 1bs, per square inch.

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

The co-cfficient of elasticity, as determined by an increment in the
deflection of .43 in, between the loads of 2,000 Tbs, and 10,000 1bs., is
905,601 lbs.

Table U shows the several readings,

The weight of the beam on June 1st was 445 Ibs. 13 ozs., or 30.12
1bs, per cubic foot, Its weight on Juic 8th was 440 bs , or 29.72 bs.
per cubic foot, showing « loss of weight at the rate of 0571 Ib. per
cubie foot per day.

Beams LX and XLI are two oll spruce stringers sent to the
laboratory by Mr, P, A, Peterson,

They had been in use in Calvert E 39 on the north division of the
South Eustern Railway, 1} miles north of Waterloo Station, since Oct ,
1891, or for about three years.

These timbers were cut and sawn at Keene & Company’s mills at
the boundary east of Megantic.
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&Beam LX was tested on Nov, 10th, 1894, with the aonual rings
as in Fig. 114,

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

The load upon the beam was gradually increased until it amounted
t0 16,050 Ibs,, 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
sccond 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
oceurred.

The maximum skin stress corresponding to the breaking load of
16,050 1bs. 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,, the maximum com-
pressive skin stress is 3,043 Ibs, 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 clasticity, as determioed 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,
12} 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 scason cracks from end to end on the
front face and numerous kuots of medium and small size on the sides,
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 Ibs, per
square inch,

The maximum compression of the material at the centre was .21
in., so that taking the cffective depth to be 14.29 ins,, the maximum
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skin compressive stress is 4,432 Ibs, per square inch, the corresponding
tensile skin stress being 4,665 lbs, per square inch.

1f it is assumed that the usual law holds good fur the whole of the
effective depth, the maximum skin stress becomes 4,502 Ibs. per square
inch.

The co-cfficient of elasticity, as determined from an increment of
.6 in. in the d~flection between the loads of 1,000 lbs, and 9,000 lbs.,
is 1,250,850 Ibs,

The weight of this beam on Nov., 17th, date of test, was 267 lbs., or
28.85 1bs, per cubic foot.

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

per cubie

Dimensions in inches.

LIV. 3 Ri 26.6 5,908
LV. < .6 4,839
LVIL oA 26.614 4,614

OLp TiMBER.

LVIIL, 180 5 9 33.09 3,469 | 1,123,400
LIX. 180 9 30.12 2,963 | 905,601
LXL 186 X 5626 28.85 4,30 1,250,850
LX. 138 25 8.875 27.26 2,934 1,352,250

LVIII 180 x 14.75 6 U6.47 5,709 1,316,900

Beams LV and LVI were cut out of Beam LIV as alrcady
described. The wide variation in the vaiue of the skin stress and of the
co-efficient of elasticity is undoubtedly duc 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 Ibs. per
8q. in. become 6260 for 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 cxperiments will be made with new spruce beams.

The old spruce stringers were found to possess ample strength and
stiffness for the work they were designed to do. The experiments
gave :—

29.15-1bs. as the average weight per cubic foot.
1,189,800 « “ co-efficient of elasticity.
3876 « “  waximum skin stress per sq. in.

The fullowing 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 poiuts from the ends being stated
at the heads of the columns.

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

TABLE A.

Deflections of Beam I at ends.

-= - : S

Loads Deflec- || Loads “l‘ﬂé‘L‘" Loads | Deflec-| Loads | Deflec| Loads |Deflec-

in Ibs, | tion. [finlbs.| tion. ii" Ibs. | tion. ||in lbs. | tion. flin lbs. | tion.
|

|
‘n;,onol .18

2,000 | .02 9,0()0\ 095 23,000 .27 |[30,000 .39
2,500 | .03 || 9,500] .10 | 16,500 .19 {23,500 | .28 {130,600 .40
3,000 | .03 [[10,000( .11 |[17,000| .195 || 24,000 .285(31,000] .41
17,500 | .20 }24,500‘ .295(131,500 | .42
|
\

3,600 | .035[10,500| .115

4,000 | .04 [111,000| .12 | 18,000 .205 | 25,000| .30 |[32,000| .43
4,500 11,600 | 125 ||18,500 | .21 | 25,500| .31 {132,600 .445
5,000 | .05 112,000 .13 |/19,000| .22 |26,000| .315[133,000 .46
5,500 | .055(12,600 | .14 |[19,500 | .225 |(26,500 | .52 [[34,000] .49
6,000 | .06 [[13,000 .145 ||20,000| .230 ||27,000| .33 [|35,000] .51
6,600 | .07 [113,500| .15 |20,500| .24 |27,500| .34 [36,000| .53
7,000 | .0750114,000| .155 ||21,000 | .245 28,000 .35 [37,000| .56

I
-
=

7,500 | .075(14,500| .16 || 21,500 (28,600 | .36
8,000 | .08 [15,000| .165 | 22,000 | .2 \lzs,mm A1
8,500 | .09 [[15,500| .17 |/22,500 | .265 | 29,500 | .38

Breakinz weight of Beam I = 45,000 Ibs.
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TABLE B.

sl Deflections of Beams.

inlbs. | 1y w | v vi | vi | v

Ends. .| Ends. | Endﬂ.— Ends. | Ends. | Euds.
. .02

300 |eescocce|ases ‘ sessssss|essesese

500 |.. % eses| 00 .02 015 .03
800 ofesscssccfosscnies] 0B
1,000 sovssves] . .0 . .04 .03 07
1,300 |. . esosf|ennenne 09
1,600 s 04! .03 06 04 10
1,800 |- sasevh e o csoseese| ol
2,000 . ¢ - 078 .06

2,200 |...e sesenece]oses o
2,400 |. bon]isesne oo
2,600 eee| L1686
2,600 |. ofeseces.
2,800 |.. ) PrOTORRpu
3.000 .18
3,400 |.
8800 | oses54:] M
3,800
4,000
4,500
5,000
5,600
6,000
6,600
7,000
7,600
8,000
8,500
9,000
9,500
10,000
10,500
11,000
11,600
12,000
12,500
13,000
13,500
14,000
14,500
15,000
15,600
16,000
16,400 wals . »
17,000 1 e eeesse s
18,000 TTITT L] (o ey, FRESRAT N
20,000 | A4 |ieecescs]oes
21,000 |.
22,000 | .15
24,000 | .165
26,000 | .175 |. & eoes X
28,000 | .190 [ieeevenef.ee seseness|oasscone]s

Breaking Weight of Beam 11 = 36,675 Ibs.
“ “ [ = 12,950 «
v 16,720 «
V = 23610 «
VI = 15,480
VII 17,615 «
VIII = 11,700 ¢
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TABLE C.

l)vllevliouu of Beam IX, ” Deflections of Beam X,

13 ins, ‘M. ins. | Bods, |66 ins.[33 ins,

L[68 ing.| Ends. |68 ins. 34 ins.|

1000 MR ‘ o] .oz f o | o2

1500 .0 N 02 L0 X 021 .05 | .02 05

2000, .0 08, 025 | . . 03| .08 | .04 07

26000 .04 [ .03 | 0 Y _0:; 050 . .05 05 | .
30000 . . i 090 .13 . ’ 06 A2
t.mn‘ . § . Jd0 | .15 . s 07
4000 [ .08
4500
5000
55600
6000
6500
7000/
7500
8000
8500,
9000,
9500
10000
10500
11000
11500
12000
12500
13000
13500
14000
14500
1»000
1563500/
16000
16500]
17000
17500
18000
18500
19000
19500
200000 .65 § 79 365 | .66
40000, . l 198 | ovane] wvusns

470000 eevun|eeans] 2:20 [oneesfereenalloomnelieeee it

Hrulkmg \} el,,ln of Beam IX = 51,600 Ibs,
ae o 1,000 «
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TABLE D.

Deflections of Beam XI. Deflections of Bm;n; Xll:

Loads in
Tbs

(34 ing.[68 ins. Ende, iGN nm.ifH ins. ‘IH ine,

68 ine,|Ende.[68 ins. 34 ins
[

oo, | s | e—
MO wosko i b sazae Lioincs Isnassil eopana 01 | .005 | .01 | .0i

1500, .02 01 | .035 | L0156 | L0256 | .03 |.()'.! L0356| .02

20(]0‘ A6 02 | .06 | L0256 ‘ .04 05 025 | L065] 03

2600( .06 08 .05 .035 | .06 065 | .04 076,06

3000 075 | .04 y 045 | .08 09 045 | . .05

a600/ .10 056 . 65 | L0956 || 106 | .06 ‘ 06

4000, .11 06 . 06 11

4500, .13 . ‘ 07 | L1386

5000, .15 . AT 016 | .14

a600f .16 . . 08 A6

6uoe| L I86 | . ’ } s I8 : A

6500] .20 [ L1056 | .2 v 96 || L i b | { o f
T000{ <16 | L1156 | .26 : 2156 : g

7500 .24 JA256 | 2 oAl L2385

RO00| .25 356 | . . 245

Ro00| .26 146 | 31 Al 266

H000! .27 H A 166 | 21

9500, .30 L6 i N L W29

10000{ .315 | . AT L300

10500{ .3 .18 . L85 | L3836
11000{ .36
11500| .36
12000] .395
12500| .40
13000{ .42
13600( .45
14000 .46
14500 .48
15000{ .50
155600] 5156
16000, .535
16500, .54
17000| .58
17600 58D
18000] .61
18500| .61
19000{ .65
19500 .65
20000{ .655
20500 «vuee
21000
21500/ .
22000/
22500/
23000
24000) e uvuns
26500
28000 .
29000
32000] ¢evnee
33000( ... 000
35800 cvuuen
370001 ..
39000}
42000 ‘
45000{,..40s
48000(vavvee

49000 soveeafoanensfoanennfoecnnsfonrnciiinniifinnnns
Breaking Weight of Beam XI = 35,800 Ibs.
“ “« “ XII = 49'000 “
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TABLE E,

3000
3200
3400
3500
3600
3800
4000
1410
4500
4800
5000
5200
5400
5500
5600
5800
6000
6400
6500
6600
*6800
7000
7200
7400
7500
7800
8000
8300
8400
8500
8600

8800
9000| .

9200
2400

Deflections of Beam XIII. |

68

ins, ins,

A1 | 64 |[ o34
reesll 266 || teee

I —— == = -
SE .| 2 s
Sap sa=
 {t : °

‘é-"‘x ‘ Deflections of Beam XV. %5:

g 2 o

[[=s RS

o |es| saf £ | s8] 66| |66 .3:;’ i

;: Iln.. ins, r.i | s, | ing, ,;1 ins ‘lnu :‘-:
e s o e e e el e e
veelenoe| conell .03 §
04 |.02°| 025 .05 025
o 035
71.081. L0RS 05
sliene]oens [ canell avee 075
105,05 | .08 || L115 || .055( .035[.08 |.045 .06 || .....
o e S| [t 09

.14 1.065] . .

.605
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TABLE

E.—(Continued.)

ins, |ins,

34 |68 i

Deflections of Beam XIIIL

34

ins,

/|

|Deflections of]

Deflections of

Deflections of Beam XV,

Beam XIV.
Beam XVI.

e . . 166 |33
End o [ ""d“'ms | ins.

l

9500 - 275
9600
O800] ¢ s 09 )]s 000
10000, .52 |.29
10200f e o]ee
10400/. . - -
10500
10600
10800
11000
11300
11500 .
11700 soee|oee
12000

12200]+ +

12400

125 500!

12600

12800

13000

13200 -

13500

14000

14500

15000

15600

16000

16500

17000

17500

150001,
185001,

19000 1.

19500(1 .
200001,

20500/ 1,165, m
21000(1.21 |.67
21500(1.24 |.6
22000/(1.

23000{sasesfee
24000{.+ ..
25000000 .|
26000[+ + 20 .«
26300(+ 4
27000} +«us .
29000|

29300/ .

30000 .

32000,.

).)(l(i(} cesesfees

37000/ ««..|

0

L735
76
LT95
2
.85
876

| lo15

9
975
01
045
07

.425/, 2051

L.00 |
1.02

llrenkmg welght of Bcum XIII = ZJ, 300 lbn

1V = 17,600 «
XV = 57 000 *“
XVI = 25,580 to 32,000 Ibs.
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TABLE F.

Deflections of Beams XVII, XVIII and XIX.

XVIL XVIIL XTI,

\
1

Beam gradually
I1st Loading. relieved of
load.

Load
in

Ibs

ing.

1=t Load
2nd Load-

. - Sur p
Ends.| 1 de| Euds Bae 31 (gna |30 3} g a4

ms Ins, Ins, ms,
1000...... L005] 005 015 ..., .005.010{.C10| .010 |.015.020
2000] . .000afl. L015] L0156 |.... .020].045].030
30001, .00aef(.020] 030 .020 ..., .050{.060(.055 ......
1000 L0300 .030) L0 L060].090(.070 095 .
5000 . L040] .040] 045 |....!.070).105].085)cc00e|seee
6000/ . cvvv )i 050( 050 L0560 |,... .090].130{.
7000 L060] L 060) 06 ‘ L150].
7500 5 R sons]ee
8OO0 075 .0700 .07 1501701,
RH00 vnanll va congs|ooedl«120].185].135
9000 |
9500
10000] .15 .095] .095
10500 vens
11000 ‘ 100
LA svsnnsiiinil suinletnreosirlvaes
12000)......1. 10
12500 3 | P
13000
14000 ...
15000 .
16000 sees| 150
17000 165
17500 .
18000/ ....
19000
20000
22000
22500
24000 ...
25000
26000
27000
28000
29000
30000
31000
32000
33000
34000
356000
36000
37000
38000/

Bead cer i

s e




39000
40000,
41000
12000
42500
43000
43500
44000
44500/
45000
45500
46000
46500,
17000
47500
48000
48100
48200
48300
48400
48500

48600| 2.(

50000
52000

54000(. .

56000
57000
HR000
61000

64000|,

Red Pine, White Pine and Spruce,

TABLE F —(Continued.)
Deflections of Beaws XVII, XVIIT and XIX.

XIXN,

Beam gradually | Znd
1st Loading, relieved of  |load-
load. ing:

|

ing.

Beam grad-|

Ends.|E'ds/E'ds 343 ‘End 34 n¢ 343
| ing . ing

ins.

670001..... |

Breaking weight of Beam XVII = 48,600 Ibs,
" " “ XVIII = 69,400 ¢
‘e “ “ XIX = 59,540 ““
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TABLE G.

Deflections of Beams XX and XXI.

XX, I XXI
e ———————— -
Load EETG ” E P
. in | 1st Loading. | S22 | 2nd Loading. || 1st Loading. :’.‘:-; 2nd Loading.
lbs. g22 ! g8 ¢
R = |
p |
:)t“‘ End ;sz:Emla. ?:z Euls¥ 3143. ‘?:4 ‘E‘dm 'MQ Ende, 1 . 4 Endﬁ; 34}
SN, VS, ie— | -—‘—_~—.‘_ _‘____ y
B0 0olsasel corosauselsnse veoe|[-009 |02 ‘.m«| 020 | ’ . .015| .020/.015
5000 |.0 " 1.0""| "J001 |.003|" 00.,, 005(.025 |.035(.025/,
™7 G (e SN DO LR (S best Y I e e G i
1000]. AT ISR o X +.||-055 | 085].060| "~ 095 |.065| "095/.065
150+ oe[vnee{onee|ennnasfos ofsanssferes||-078 .1101.075)......]. !
1500 ‘ ‘ [.095 |.136(.090|...... ... i00m ones
[ T (SRR (R DORPern B 1,110 |.115[.110
2000.

045 \'640‘ 120 .185/.125| |195
‘1

2250/...
2500(.048|
3000[. 050080/
3500(.055 .0
4000{.070|.

75(.185( 280 .190; .285|.185

.250|

4260].e0 |oe.e .lt” serrldenslyser sfoess
4500(.084.
4750|....|..
5000{.095) .
Z’)U....‘....?...
5500/.100/ .
BTEM s o aval [aalcwoselonn X
; 6000,.110/.155/.115| .160 105 160,110 1-0 565
P8 6600].120(.170(.120/ ..... R NG b o IS e L
b 7000{.130|.185|.135| .445| .665.440
L 7500.l.'lf».'.!ﬂ();.“li‘ L N T L T T L I T T e o|eves
1 8000|.146 .210.150 ..)l.) .765(.515
H I 8500|.152|. 225/ . 160/ + v 044 | Rl
} 9000(.163/.240(.170| . .580)" 870|575
: SB00] . 1 16|, 2081 1M0] .+ v5n feaslasvsalossalloonvapsnes |« sssfosnesloss
i 10000 . 180(.270(,190| .270 |.180 .645| 970 .640
b 10500!.194(.285/.200( + < e soe{eons]eens]onns g ety N
15 11000].200(.300(.205( . e eeeu{sese]eones|ooes [.T15(1.075.700
i 11500.210.31,."1(5.. as fousefvernelroes N TR 0 i B
¢ il 12000/. 220|325/ 2 .;o¢ "32b |.215 1251 | NSO DO .mh 170(.765
A% BOBO0 couo 1 vnilosoe]sovsenloorslsasnclonve I 1 ‘11 310,
i 14000/. ... -380/. 24.0‘ eofsuee o
| 15000 cof wot [ronspenievs vl oBiBlsece
(1ikd 16000 .. " 430/ 290‘ S R I ilesvamion 1 670|..
N . 17000 .. | ‘ T NG | OGS B oo A IR ¢ el
{24 IV onafeicsslusnivorevs Kol e, 2 IPOTIR! FRR HN (PO0R I
i 17500/.. o ld
8] | 18000]....1....|.. .| ..... |-420] "-485(.825|
L ( . .545/(.370|.
I sxasel .505) .410!.....
T .665|.450/|..
i 28l
r -
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1st Loading.

TABLE G.—(Continued).
Deflections of Beams XX and X XI.

|

2nd Loading. (| 1st Loading.

34

|34 m ) » i 34
'msb\E ds ins.|| ins. *lins. ‘| ins. ins,

28000
30000
320001
34000
36000
38000
40000
42000

44000(. 0000 afenns
46000(.00e consfenss

48000|. .

Breamng welghl of Beam - 4'.) 600 1bs.
“

\\l = 179h0 -

Tables H and I show deflections in inches of Old Douglas Fir, ete

TABLE H.

Eeﬂectiona of_l_?»eamn JL\]I and XXIIL

in lbs' ‘ 27
ins.

b4 ‘Endn : a7

ins,

1 oaov......

1,500 !
2,000
2,600 | -
3,000 -
3500 | .
4,000 |

4 500 |

b 000
5,500 4

6 000 | o
6,500 | -
7,000
7,500 | .13
8000 | -

XXII.

| .02
.03
.04
.05
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i TABLE H.—(Continued.)

| t Deflections of Beams X XII nuﬁi\lll.
-

| in lbs,| 27 54
il ins. | ins.

54 27 31
ing. | s, ins,

095

|
: ¢
| bl Loads
’ Ends

10,6001 .19 | .106
: B 11,000 195 | .11
M 11,600
I R 12,000
r Rt/ 12,500
13,000
I j* 13,500
| 14,000
4 14,600
i1 15,000
1 15,600
16,000
16,500
1 17,000
3 17,500
! 18,000
18,500
19,000
19,500
20,000
20,500
v i 21,0001,
¥ 21,500,
5 22,000,
3 22,500
23,000,
23,500,
24,000 |,
25,000
26,000,
27,000,
28,000,
30,000
31,000
42,000 ,.
34,000
35,000
36,000
i 38,000,
I| I = 40,000,
I 41,0001,
42,000 | .
44,000,
45,000
46,000
47,000|.
49,0001,.....]...
51,000]...
§3,000|.....
56,000

Breaking weight of B
“ “

665

eam XXII = 55,400 lbs.
« XXIII = 47,660 *
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TABLE I,

% “Deflections of Beams XXIV and XXV,
e XXIV. I XXV,
|;:: 44

ins,

| 48
| ins

Ends.

500 seees i : .01 005
1,000 vess [snas osfsseanell #0305 L0156 | .0056
2,000 seeseliens eijsees osll o s .03 L0l
3.000 e r Ryl ra sl . 05 |.015
1,000 E LT LR PR 075 | 025
5000, -045 .03 .06 | .04 | .04 | .075 | . 095 | .04
6,000 -065 . 065 | .045 | 065 || .095 | . . .045
7,000! .08 4 LOR | .05 06 A6 | . A L0565
8000 . f A0 | .06 s e = . 065
9,000 105 ' .055 [.105| .07 | . ; : A 075
10,000 .15 06 (.12 | .07 095 || (185 | . v .08
11,000 .18 . .13 | .08 | . . . : .085
12,000 ' - . A 085 | (12 86 | . . A0
13,000 145 ' .085 | .16 .09 - 205 | L1156 | .26 L1056
14,000 .16 .09 |. d0 0| L1 216 | . .285 [ .115
15,000 ' .18 § .3 A1.°1 168 ) . J2 ] .8 125
16,000 = - 105 | .2 A2 | .256 | . .325 | .13
17,000 | - : 22 | .12 . 2%

18,000 1 .24 A2 ] .28 A3 |
19,000 226  .125 |.256 | .14
20,000 | .- A .26 | .15
21.000 b . 5
22,000
23,000
24,000
25,000
26,800
26,000 | .
27,000 .0
28,000
29,000 .1
30,000 .
30,200
31,000
32,000
33,000
33,200
34,0001 ..
36,000 | ..
37,000 {.
38,000
390001..
49,700 A % S
40,000 |. y o 5o o X 09 o) i

] Breaking weight of Bea of r;duce;
ength,
Breaking weight of Beam XXV = 42,900 Ibs.




138 The Strength of Canadian Douglas Fir,

Table J showing deflections in inches of two Douglas Fir planks
under gradually inercased loads.

TABLE J.

|

‘Deﬂeutiunsil)ellecliun»

| in ins. of | in ins. of
Loads | Plank 1. | Plank 2
n lbs, | |

|  Ends, Eude,

2,000 |
3,000 |
4,000
5,000
6,000 |
7,000 6|

|

8,000 |
9,000 |
Breaking weight of Plank 1 = 22,250 Ibs

“ “ € 2 = 13,260 ¢
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Tubles K to M shew deflections in inches of Canadian New Red
Pine Beams,
TABLE K,

Deflections of Beams XXVI to XXVIII.

XXVL XXVIL XX VIIL

Ends.

33 ing. || Ends. ‘\

|
|
|
[

055
110
150
.165 ||
.200
216
. 240
. 265
.295
.320
. 360
.370
.400
.430
4560
475 ||
600
.530 |
.550

Brenkmg welghluf Beam X\VI = 15,940 Il 8.
“ XXVII = 17,700 *
’ g “ XXVIIl = 17,050 «
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The .\'h'(’llgﬂl uj Cunadian I)(/’llgl(tk F‘il'.

TABLE L.

Deflections of Beams XXIX to XXXII.

XXIX.

Ends.

70 ins.

36 ins.|

Ixn."‘.u.u

Ends. l‘ Ends.

(i

\\\II

E||-|~i.

2,000
2,100
2,200
2,300
2,400
2.500
2,600
2,700
2,800
2,900

3,000 |

3,100 |

3,200
3,300
3,400

3,600 |

3,600
3,700
3,800
3,900
1,000
4,100
4,200
4,300
4,400
4,500
4,600
4,700
4.800

.235
1950

-295

830
360

cene

veen

.390

445

N

140 |

i B
S

o | sese
[

070

A10

Nt

: ‘é(b;:)

|
I

020 |

2360

|
|
|
N
435 4
460 |

540

-610
640

2130

oo I

. 1210

|
fi.éf)'

1.340
1.456
1.560
1.640
1.766

1:900

1618

-900

1960 |

—

035 |

415

—_—

1.510

‘&»nnuwwwuu—:—.—-_...._....._..._..-........_-.-.—._-._.._
2 tae W
°

035
185
.235
.290
L340
L3856
430
.49
545
600
L650




Red Pine, White Pine and Spruce,
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TABLE L.—(%ontinued.)

5,200

| Deflections of Beams X XIX to XXXII.
LOnas | |
Loty | XXIX. XXX, xx‘\nl“ XXIL
Ibe. | T 4
|85 ine. | 70 ine. | Ende. |70 ins.[35 ine. | Ends. || Ends. || Ends.
4900 [ coeee | weer | veer | wuse | ewe | veeo || seee || 2.680
5,000 | .850| .460 | 1.000 | .470 | .835 || 2.010 || 1.700 || 2.755
5200 | ...... : . |l 2.120 " woase Il
5,300 | ' oe st 1816 1 ..
5,400 | 1.085 | 515 | .900 oo |l
5,500 . 1.8
5,700 [ {l
5.800 Il svee vess' ff
6,000 1.005 2.9001| 2.116 || ......
6,400 1.100 | s cvedy: |
6500 | ...... vxpe i 2.410
6,800 , 1.170| .640 1.175
7,000 | 1.220] .665 1.210 ’ ’
7,400 | 1.290| .715 1.300 . .
7,800 [ 1.360( .765 1:880 [f «ooe | vess]
5000 | 1.4100 (785 LY ..
2,400 | 1.500| .830 ESIOH oonn ) sniad)
8800 | 1.590 | .880 1:080 fl .4
9,000 | 1.640| .910 T | O
10,000 | ...... JEIOE BN IS SN
1,000 ' ...... st Ll e e
Breaking weight of Beam 11,960 Ibs.
“ Y] “ 5,700 ¢
“ “ “ : 6.500 «
“" “ “ xxxll . “
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TABLE M.

Detlecuons of Beamns XXXIII to XXXV.

Litein XXXIIL | XXXIV. XXXV,
\ ko sl |
Ends. Emlu Ends.

500, coeve vacennen 065 080 030

L cevene 1456 065
1,000 160 18 1090
1,200, 206 230 125
1400 250 | 215 150
1,600. 215 320 115
1,800 . 326 { . 360 195
2,000 315 405 220
2,200 410 450 245
2,400 465 490 210
2,600 500 536 29
2,800 540 5% 320
$,000 . 585 625 45
3,200.... . .630 670
3,400 .670 15
3,600 710 760
3800 " 150 810
T S 190 850
4,200 830 900
4,400 870 946
4,600. 910 1990
4,800, 950 1.0356
5,000 1.000 1.080
5,200 1.040 1.125
5400 1090 1.175
5,600 1.125 1.220
5,800 | A eon
6,000 1.220
6200 1.260
6,400 1.310
6,600 186 |
6,500 1415
7,000 1.465
7,200 1.545 ;
7,400 . 1.59 | g
7,600. 1.640 !
7,300 1.690 &
£:200.. 1.790

Breaking weight of Beam XXXIII = 9,250 Ibs.
4 # " XXXIV = 5,600 «
“ “ ““ XXXV = 7,500 “




Red Pine, White Pine and Spruce.

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

TABLE N.

Wl;'ﬂt-!clions o-f Beams XXXVI to XLI. )

XXXVI. XXXVII.:X‘\'XVHI. XXXiX Xi‘

poranss ey

P S T T
108 | 72 | 36 3611211081 g4y | Eoda. !Endv-.

ins. |ins,|ins. ins.| ins.| ins.

Loads in lbs.

5000| 109 .30 .30/ .32/ .30 .29 .109|
7500 .375] .70| .93(1.02 .90| .66 .344]
10000| .594(1.00/1.33{1.45 1.29) .95/ .516|
11000 .719/1.34/1.78[1.95| - 688)|
12500| .799(1.47/1.96(2.16/1.931.42] .750/
15000 -906/1.682.24/2.452.2011.62| .875|
17500(1.125(2.05/2.70|2.97 2.65/1 . 96(1 .047
20000] +++x |ores |

22000 ...
226500/ ...
24000
25000
26000
21500
28060 ...+ |
30000] +.re
32000 22 |
32500( +1nn |-
34000] ..o |iaes
36000 ... |

19,600 1bs.
24,000 «
o “ «  XXXVI 52,450 «
“ " « XXXVvIT 51,400

Breaking weight of Beam XXXIV
‘“ ‘“ “ xxxv
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TABLE O.

A Deflections of Beams XLII to XLIV.
£ XLII. | XLIIL || XLIV,
e = ey R
L. 108in&72 ins.'36 ins.| Ends.36 ins.72 ins./108 ing) Ends. Ends,
oso0 .0312] .05 | .07 | .08 | .07 | .083 .08l || cevuus | oereen
3000 047 | 095 14| .15 14| 00| 047 || cesues | cenene
3500| .078 .18 X i A8 A3 | .078 s
4000( .094 ad |81 iaaT LAY e W Laaes I vsewns
4500] 109 97 | 301 .28 | .208] 125 f| ceeeun i eeeees
5000 125 ‘33| .87 | .34 .25 .141 1.0 HGL.,
5500( .141 .48 42 .89 | .28 .156 ||
6ooo| 172 L4 A7 A5 a3 .172 Ty Sleves 4
6500, 187 49 .53 49 B I88 Hisisais ] divense
7000| .219 54 60 Bt A0 S819 Il -ediaia il s
7500| 234 59| .65 .60 43| 234 sesens f oiies
8000| 260 QT A R T 0 T G | EESRRR
8500 281 .69 76 .70 B3] 881 fl-siaune | I
9000( 297 8| 821 15| 65812 | Jasnns e awvisian
9500| 312 ‘son| .90 | .81 { .60 ] .328 I cevoce | covene
10000| 328 84| 93| .85 .63 | .344 ” J0- 41 it
10500 .359 o0t 1 6Y ] B8 fiisiise gl ovienn
11000 .375 o7 107 96! m| .35 f ...es e
11500 .406 1.03 | 1.14 | 1.04 | .76 | .406 PN | e
12000 .422 1.06 | 1.17 | 1.07 | .19 | 422 [| vesese
12500( .438 100 | 120 | 111 .82 | .438 | eeeens
13000{ .453 5/ 1.16 | 1.30 | 1.17 | .875( .453 [l .ecuus
13500( .484 1.24 | 1.37 | 1.25 | .93 [ .484 L i3séne
14000| .500 1.29 | 1.44 | 1.31 | .97 | .510 [ ......
14500| .51 1.34 | 1.49 | 1.355 1.00 | .531 [ ..cuee
A 15000 .547 1.40 | 1.55 | 1.415) 1.02 | .562 || .16
f 15500{ .562 WIARE IRE TR WUH W | SAKTSORN | ST
! 16000 .593 1.51 | 1.68 | 1.53 | 1.15 | .593 B aia B senens
| 16500 .609 1.57 | 1.76 | 1.60 | 1.19 | .625 ] | N
17000| .641 1.6 | 1.BU 168 | 1.98 ] 881 fl couse. | +vv0ee
17500 .656 1.68 | 1.87 | 1.705 1.27 | .672
! 18000 .687 1.76 | 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
51| 19500, .766 | 1.43 | 1.95 | 2.19 [ 1.98 | 1.47 | .766 a
il 200000 .781 | 1.48 | 2.02 | 2.27 | 2.05 | 1.52 | .797
| 20500 .813 | 1.53 | 2.10 | 2.35 | 2.13 | 1.58 | .828 |
1 21000 .844 | 1.58 | 2.16 | 2.42 | 2.19 | 1.62 | .859 !f .evuus || ueeee
i} 21500/ .875 [ 1.665 2.28 | 2.55 | 2.31 | 130 LIEMBUTH Goisia Bl sxunev
T | 22000 .924 [ 1.72 | 2.36 [ 2.65 | 2.30 | 1.77 | .938 || cevees || seeees
! 25000 .... vomn ] sees Viaton ] aven dimaty e R0 b 0L I00

-

Breaking weight of Beam XXXVIII = 26,350 lbe,
" “ XXXIX = 48,600 «
“ ¥ “ XL .= 51870 ¢

"

dee
——

e

—=—n
e .
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!

TABLE P,

X Deflections of Beams XLV to XLVIL.

£ XLV, XLVL. || XLVIL
) e e ST T e P
= (108 insf72 inx.[36 in<| End«.36 ins.|72 ins 108 ins] Ends. !| Ends.

|
|

2500 .1256 .29 .21
3000, .141 .4 .31
3500 .172 39 | .34
1000, 188 44 .36
1500| 203 49 | .44
5000/ .219 .54

5500 .234 .59

6000, .250 .64

6500] . 266 .69

T000, .297 .74

500 .79

=000 i .85

8500 B 0

9000 1. .95

9500 1. .00

10006 l. 06
10500 1. 11

11000 1.3 17

11600 iy 24

12000 i ) 28
12500 1. 1.5 M

13000 3 1.5 .39

13500 1. 1. A5

14000 b1 1 14% 5l
14500 1. ie b1

15000 1.4 [ 62

15600 1.2 | 1. 69
16000 1.: [ 2. 5
16500 1.3 | 2. 82
17000 1.3¢ | 2. 86
17500/ . 1.4; | 2. 94
18000/ 1.5 | 2 02!
18500 1.6 2. 08
19000 1.4 2. 15
20000/ i 2. 29
20500 . i 3- 2.38
21000 i, 2. 2.47

22500| ....

25000( ....

27500 .... ¢ Won

OODL o0 M ohavslimosin

Breaking weight of Beam XLI = 24,850 Ibs,
“ “ “OXLIE = 44,400 ¢
s o “ XLIII = 48,650 «
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TABLE Q.

Deflections of Beams XLVi[lToI. NEN
e — . wpirander Tt S ST

XLVIIL ~ XLIX. L

£ |
xL
$loy |4 [m|om| || @ | 4 | @
= | ins. & ins. | ins. ' & ins. ins. & i ins,
1000 .01 | .01 | .01 | .005 | .01 | .005 05 | .01
2000 .025 | .03 | .02 || .02 | .04 | .02 055 | .035
30000 .04 | 05 | .036| .035 | .06 | .035 106 | .065
4000/ 055 | .005 | 062 | .06 | .08 | .05 1g l 10
5000/ .065 | .085 | .06 | . .10 | L065 295 | .
6000 .08 | .105 | .075 || .075 | .125 | .08 246 | .165
7000] .10 | .125 | .08 | .095 | .15 | .095 29 | .20
8000/ .105 | .15 | .108 | .11 | 17 | 1106 8 | .22
l 9000 .12 | .17 | .11 [ .125] .20 | .13 315 | .255
[ 10000 .135 | .195 | .125 || .14 | .22 | 14 43 |
[ 10500 14 | 216 | 0851 v | o | e | i [
b 11000 .15 | .22 | .148 || .156 | .25 | .15 | 46 | .30
i 11500 1155 | .23 | .16 [ cevr | eer | ver. Je e
[ 1 12000 .165 | .24 | .156 | 165 | .5 .33
N 12500 .175 | .25 | .16 | . A7 63 | .36
i 13000, .18 | .265 | .165 | .19 | 185 65 | .36
I | 13500 .1¥5 | .27 | .17 | . 195 51 | 315
| ! 14000 .19 | .285 | .177 [ .21 | .20 .60 .39
it G 145000 .20 | .295 | .19 | .215 | .21 616 | .40
{1l 15000{ .21 | .305 | .20 | .2: 215 645 | .42
: 15500/ .215 | .32 | .206 | 22 656 | .43
| 16000 : 23 &5
A 16500 24 .70
17000 .26 72
17500 .255 .746
| 18000 .26 6 |
| B 18500| . 27 19 |
| 1 19600 . 28 82 |
| 19500 . .29 .84
20000, . 30 8656 |
' \ 20600/ . .31 895 |
fo 21000/ . .32 92 |
f 21501 325 .94
‘ | 22000 3% 368
| 22500| .: .34 ;
23000 . 446 1.03 |
< I 23500 X e g
‘ 24000 .36 1.07 |
24500 4 I By
25000' v .75 13401
‘ 25500 .4 385 gl
) 26000/ . 396 1.16 |
; 26500| .49 405
27000 ... | .4l 1.2
27500/ [ 1 42
28000 ... | oo f oo | A3 1.33
Lot e eyt ! Ad5 e i




|
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TABLE Q.—(Continued.)

. Deflections of Beams XLVIII to L.
- - Sl e =T = - — ——
= XLVIIL XLIX. ‘ Li
wu — e —— e — "
33| 2 | 3| 3| 3 373 | 46} L 46}
...! ins. | 5 ins ins. | & ‘ ins. || ins, & ins
| W b s 46 | .m '
SOO0B iss Loovsss w .465 | .125 |
30000 69 475 | .14
31000 s
32000/ .... siisc]
34000| .... | .8¢
36000/ .... .92 ‘
37000 .98
37300| .... .00 |
38100 ....
40000! ... 1.2 ; 1.20
41000 .... | 1.30
44000| . ... .50 |
45000] .... sl 4
46000] .... )1.70 l "
¥

47000

Breaking weight of Beam XLVIII = 38,100 lbs.
" - i XLIX = 47,080 «

“« @ “« L

= 32,200 *




The Strength of Cunadian Douglas Fir,

Tible R ~hows deflvetions in mehes of Canadian White Pine Beams
whichk have been in service,

TABLE R.

Deflections of Beams LI to LIIL

LIL. [
B .-
60 | 30 || 30
ins, 3 ins,! ind.h ing.| ins.| ine.| ing,

1000/ .02 |, L0350 .02 |. 025,01 /.02 |03 |. [-02 |03
1500 .05 .03 | .065.03 [ .05 .05 .02 | .035.025/.05 |.055. 065,04 .06
20000 .06 .05 | .09 . A7 L060 . 075 .040..070/|.08 |. 10 .05 1,085
2500 .10 .065 .12 |05 | .10 [.09 .05 | . L095/.11 1.06  .135/.065(.11
30000 .11 .08 | .145. A1 8 135,08 | .16 .08 |.14
T e JPOR DRI RO ORNO 5 188107 1188 oo ive] susiligaalies
3500 .14 .09 | .175/.085| .15 ![.14 |.07 | .155 .08 |.145( 16 |.

4000 .17 .10 | .21 . 1780.16 . 18509 .16 || 18
4500/ .19 |, .24 [.115] .20 (.18 |. 31 |11 .18 .21
5000 .21 |.13 | .265/.13 | .23 |.20 . .235.12 |.205)1.235/.12
5500 .25 . B0 [JA4BL .25 [loovn{-ssel sauslvesslesss i BB
5700 : A3 a8l ... ...
6000 .27 |.156 | .325. 21 3 .285.14 [.25 ||.29
6500/ . . .30 |. ol £ . . 5|, 275/, 31
7000 . 3’ 5| 3
7500
7800
8000
8500
9000
9500
10000 5 A8 11,42 |. A X .
10500 . .2 : 29| .50 ||.45 |. ¢ \ 46 |l .29 | .65 .30 |,
11000/ .50 . B161. 8081 B8 [l.oqofoece]l colivesl ouefls 305 .69 |.31 |.
11500, .515 .5 .65 [.318] .53 ||. .56 |.28 |.485).569 |.32 | . .:ml
12000 . . .67 .83 ] .68 ||....]|. eos]ls625].8 . 35
12500| .57 .33 . . .60 ||.8 : .615(.31 [.53 {|.65 |.353 . .365!.665
13000! .60 .: L735/.36 | 6! -1.;'. 54 .6 A3 |.87 |1.675].365 . .39 .69
13500/ .62 .35 | .76 (.37 | .66 |[.57 |.31 | .685|.345(.59 |[.71 |.385 .855.405(.72
14000, .65 . .79 .39 | .685/.6 2 | .71 |.385(.61 [|.74 |. 90 .42 .75
14500 .67 .38 | .82 |. 1.6 41,37 1.64 .77 |42 | J94 .43 |.79
15000 . of .80 |.415] .735]]. .35 | .765).383|. 435, (985 .45 | 815
155000 .725 . .76 |1.66 .36 | .79 [.39 |.68 |[.835].46 1.02 |.47 |.85
16000, .75 .42 | 91 . .785 .69 |.38 | .83 |.415(.71 .87 |. .07 |.48 .89
16500/ . 435 | . . Wasul vosilsreils S, Dy (o
17000 7 : e 1
17500

18000 .
18500/ .88
19000 .90
19500{ .93
20000 .96
20500{1.00 ...
21000{1.04 | ..
21500| ....|. A-neve] L] svelivs
22000( ....f.ooe] s o RO DOV | BT 5 NS

22650| ...[.

23500] .eualioes A . soae]sees
s (O ERYE O IBOR GRS RRE I T T s
25000( ....|... VG R A [ L el

Breaking weight of Beams LI 22,730 lbs.
“ “ “ LI 26,320 «
e “ “ LIIT 18,600 «
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Tables S and T' shew deflections in inches of Canadian New Spruce
Beaws (B.C.). ~ TABLE 8.

. Deflections of B;mn:le%

Loads in
lbs. |08 inn.[ 72 ins. | 36 ins. | Ende. | 36 ins. | 72 ins. | 108 ins.

1,000 . .22 .30 .30
1,500 N ¥ .24 .33 .34
2,000 " .28 ¢ .38
2,500 ’ .31 X 43
4,000 . .34 % A5
3,600 ’ . ¥ .61
4,000 2 o ’ .66
4,500 . ¢ . .60
5,000 . ) .6 .64
5,500 . % .6 .68
6,000 . .5 i .12
6,500 . .51 A .76
7,000 . .56 ‘ .80
7,500 Y o4 v .84
8,000 § ; i .88
8,600 5 o . .92
9,000 ’ .6 d 97
9,500 .01
10,000 .05
10,500 .09
11,000 14
11,500 A7
12,000 .21
12,500 .26
13,000 .29
13,500 b
14,000
14,500
15,000
15,500
16,000
16,500
17,000
17,500
18,000
18,500
19,000
19,500
20,000
20,500
21,000
21,500
22,000
23,400
26,200
27,800
29,000 . sees
29,900 vees
30,800

e o S s S ke . x s

vees
e

38,250 e
Breaking weight of Beam LIV = 36,800 Ibs.
K




The Strength of Canadian Douglas Fir,
TABLE T.

Deflections of Beams LV and LVI.

Loadsin'| LV. LVI
Ibs, : .

30 ins, | End. 30 ins.

10,000 .05 : 05
11,000 | .06 : .06
12,000 | .07 ) | .065
13,000 | .07 . 07
14,000 | . ‘ 075
15,000 | L 08 .14 .08
16,000 " .14 085
17,000
18,000
19,000 |
20,000
21,000
22,000
23,000
24,000
25,000
26,000
27.000
28,000
24,000
30 000
31,000
42,000
33,000
34.000
35,000
36,000
37,000
38,000
39,000
40,000
41,000
42,000
43,000
44,000
45.000
46,000
47,000
4% 000
49,000 |
50,000
51,000
52,000
53,000
54,000 vese .
55,000 vers .e .42
56,000 sees - 44
Breaking weight of Beam LV = 73,000 Ibs.
o - “ LVI = 70,000 ¢
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Table U and V slow deflections of Canadian Spruce Beamws which
have been in serviee,

TABLE U,
Deflections of Beams LVII to LIX,
L o LVIIL. } LVIIL, LIX-
45 inx, Ends. | 45 s, i £5 ins.  Ends. | 45 ins. || At End.
1.000 .01 02 01 030 040 040
1,500 | .02 05 026 | 050 065 056
2 000 035 07 .05 060 100 070
2,500 05 .09 07 | L080 130 MO8 U . cseen
3,000 | .06 1 09 || 100 , .160 | .115 || .....
3,000 NE d0 L 120 190 . B iy
4.000 b | 140 215
4.500 A | 160 250
5,000 .20 175 270
5.600 .22 200 400
6.000 24 330
6,500 6 60
7,000 28 | 390
7,500 .30 i 420
8,000 A3 450
8,500 .45 00 1 0 B csisee
9,000 a7 | LH00
9.500 S0 [ 535
10,000 Al | 570
10,500 e LH90
11,000 A6 620
11,600 | .47 50
12,000 | 90 | 670
12,500 .52 | 705
13,000 5 45
13,500 | .66
14,000 57
14,600 60 | 415 || 550 | .840 | 555 || ...,
15,000 62
15,600 65 |
16,000 67 |
16,500 69
17,000 72
17,500 [ .14
18,000 | 76
18,500 DL (i ey Lioeege Ikiaaelt | ERace sl
19.000 A IO | el 5 1 ) Rt o | I
19,500 Gl () | e pbanart EiGen | By
20,000 N7
21,0001 .:o0s . 92
22,000 | ...... 97
23,000 | ...... | 1.10
24,000 | ....0. 1.50 i
25,000 | ....e. | 2.40 o
26,000 | ..... s | RPN iy ;; : aeonl
27,000 . ceves ‘ 2.040 | (ieues

Beam LVII = 25,700 Ibe.
“LVIIL = 27,470
" “ “ LIX = 21,700 «

The Breaking weight of
“ “
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TABLE V.

Deflections of Beams LX to LXI.

Loads in LX. | LXI.

bs. o A b

3ins. | At End.| 34ins. | 46 ins. I At End. 46 ins.
‘ |

500 | ....ee EPTETTTIE [N s 015 02 .01
1,000 L0056 015 ‘ 005 .04 .05 03
1,500 005 | .045 015 06 .09 05
2,000 020 .050 020 085 14 .07
2,600 035 070 035 105 4 10
3,000 045 | 080 045 135 20 | .12
3,500 055 | .100 055 15
4,000 065 | .120 | _.065 170
4,600 070 40 | CL070 190
5,000 080 1 145 ‘ 080 .210
5,500 095 | 166 | L100 245
6,000 105 | .18 | .106 260
6,500 | .115 | .200 [ 115 .28
7,000 .130 2220 | .130 | .31
7,500 J40 | 240 | 145 .335
8,000 .155 .255 155 .355
8,500 16 | 285 | .170 | [ .38
9,000 80 | L300 185 A0
9,500 90 | 820 | 195 | .43
10,000 205 | 345 | .205 A5
10,500 1220 365 | .220 ‘ | s
11,000 230 | .380 | .230 .50
11,500 .250 Al5 255 | .54
12,000 | ...... a0 | | aarees
13,000 | ooc.. I B T vasen] eseses ] OB o]l Gess v
14,000 | ...... Bl0 | «cornes
15,000 668 | ceevs - | cesens
B I -coins 81D | ceones RO [N T I
100 | .ie.e (- 0 | e PEgRn
18,000 ilenil BRI s -
19,000 SN B | e s
20,500 veerae | 000 |

Breaking weight of Beam LX = 16,050 Ibs,
“ “ « 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, Thesc 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 C (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 erippling under a load as great
as that sufficient to crush a shorter specimen,

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

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

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

5974 . for New Douglas Fir
6265 el 4 #
4067 for New Red Pine
3843 for New White Pine
2172 forOld « «
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 strangth of the
old Douglas Fir. A similar remirk 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.

307 X 3.08 X 3.11
3.06 X 3.08 X 3.10
263 X 3.63 X 5.81
360 X 3.66 X 6.12
2,19 X 3.74 X 540
410 X 430 X 8.05

215 X 225 X
217 X 225 X 9.

o
— o
-

212 X 216 X 9.15

Breaking
per +q in.

load in lbs.

6367
5760
4923

3678

4761

5809
7313

7294

b. ft.

htin lbs

Weig
per en

30.3

384

Remarks.

Failed by bulging.
Failed by folding.
Specimen 3 ins. or 4 ins.
from  heart ; rain
straight ; one small knot
on high edge. Failed b
cripplingatknot on high

edge.
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 alt
through piece; also
heavy season cracks.
Failed by bursting alon

season cracks an
through knots,
All clear. Failed by

crippling.

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

Straight grained; clear
on three sides ; 4th side
old, with bad defect 4
ing. from one end
Bulged and failed at
defect.
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2 X

2.20

3.32

X

X

9.07

9.15

0.62

10.58

10.60

8177

6850

375

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
[;in knots. Failed by
miging on  eeason
cracke; and crippling
through two pin knots
on same side.

Clear ; straight grain-
el. Failed onﬁ:igh side,
Specimen 3 ine. or 4 ins.
from heart.

Clearand straight
grain; somewhat sha-
ken; crippled 6 ins. from
end.

Clear and straight
grained; some 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 alon,
medullary rays. Fail
first by bursting apart
of piece at a season
crack, then by crippling
of the remainder.

Clear straight grain;
;vulorll cl:nck on olne side.
"ailed crippling at
middle 0{1 lhrphiélut
mlge.

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.
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2.85 X

2.92

2.9
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3.75
3.79
437

X

X
X

125

125
120

6155
5966

6265

5363

5262

38.3
39.3
35.5

All clear, Failed by
crippling,

All clear. Failed by
crippling.

One old side; grain
straight and parallel ;
one side inclined 1 in. in
12 ins.; on other side,
two season cracke.
Failed by erippling.

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

One old eide; grain
straight and parallel ;
one  season  creck.
Failed by crippling.

Two old sides; grain
nearly parallel ; no rea-
son cracks. Failed by
crippling.

Clear and straight
grained ; one old side
with deep eeasonin
cracks ; a slight crac
through centre of piece.
Cri fedﬁns.from end,
and bulged along season
crack.

Straight grained ; one
old side with many sea-
son cracke. Failed by
splitting down season
cracks and afterwards
cri P“"%‘

traight grained and
clear ; one old side with
season crack nearly
aCross piece, Crirpled
3 ins. from one end.

Grain straight; two
old sides; piece eound,
no flawe. Crippled near
one end.

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 ine,
from end induced by
season cracks; also
bulged out.




3.38

2.20

3.38

4.03

4.10

270

2,16

4.08

2.70
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X 343 X 13.53

X 2214
X 346
in diar,

X 423
X 446
X 290
X 220
in diar.

X 420

X

13.78

13.90

48.01

1312

14,47

15.96

16.29

2412

16,45

6816

6861

5856

H8:

7188

8365

6442

65695

6349

34.7

343

33.8

31.3

315

39.1

39.5

36.0

31.8

30.8

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.

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

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

Grain  parsllel, no
lrnots ; two small cracks
and & esmall eplit;
annual  rings nearly
straight.  Failed by
bending concave to a
high corner.

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

Clear ; grain out of
parallel. ﬁailedb_vcrip—
pling and shearing of
unsupported fibres,

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

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

Clear and straight
grained. Failed by
cri‘fpling 10 ins. from
end.

Straight grained ; sea-
son cracks on one side ;
several small pin knots,
Failed by crippling 2
ine. from one end
through one of the pin
knots,
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238 X 3.56 X 16,74

173 X 5.98 X 17.73

17 X 226 X 1742

3.11 X 400 X 1749

312 X 4.03 X 17.70

1.7 X 582 X 17.79

3.95 X 581 X 17.80

3495 X 592 X 1782

1.71 X 595 X 17.84

7143

4209

7700

4702

4217

5135

6432

53569

4504

5464

33.0

387

35.6

33.2

342

378

39.1

Straight grain; fome
small pin knots. Crip-
pled through the largest
one at centre. \

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

Clear,straightgrained.
Failed by bending and
crippling 3 ins. from end.

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

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

Grain straight and
sound ; season cracks in
centre. Failed by crip-
plicg at both eods and
also by bending, which
probably first caused
failure.

Grain  clear and
straight, but not paral
lel; slight  season
cracks. Failed by crip-
ple across4 ins.from one
end.

Grain clear and
slnighl; some season
cracks, Crippled 6 ins,
from end.

Grain straight and
parallel ; bad knot 7
ms. from end passin
through piece. Fsile§
by bursting at knot and
lﬂmg grain.

Grain rallel and
clear; season crack
throngh heart. Failed
by bending at centre.
C:iippled on councave
side.
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6.00 X 17.85

595 X 17.8)

445 X 19,68

19.97

24.05

6034

3630

424

36.3

Grain straight and
clear; bad 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.

Clear and straight
grained ; slight season
checks. Crippled 3 ins.
trom one end.

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

Two heavy knots at
centre, one also at one
end, several othersmaller
ones, Failed by bursting
down centre through
knots.

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.

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

Clear, and straight
grained ; tested before as
pillar. Failel by bend-

ing 4 ins. from end.

Straight grain; knot
G ins. from end passing
through a corner. Crip-
pled at knot.

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

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

Heart ; grain 2} ins.
out of straight ; heavy
season cracks ; two large
knots, Failed by bulg-
ing along season crac
and at knots 14 ins,
from end.
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X 420 X 2470

H026

8106

6600

33.9

Tested before as pillar,
failed then at 67,200 lbs.
This portion had straight
grain; two kuots close
together 8 il:na. fn'Jm.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 ns,
from other end } in.in
diameter, Crippled at
the knot.

Straight grained and
clear ; eeason 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.

Cleer, nearly straight
grained ; slight season
crack. Failed by a
bulging on season crack
and afterwards crippled
on reduced section at
centre.

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

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

Clear and straight
grained. Failed by di-
rect crij)pling 15 ins.
from end.

Deficiency near centre,
about 4 in. by 1 in,
(resin) ; fibre crooked
throngh  vicinity  of
knot; otherwise clear
and straight grained.
Failed at crooked fibres
at deficiency.
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X
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X 26.69

25.15

310

32.20

50.90

30.656

X 31.83

8269

9104

7709
8411

66563

3823

6425

5935

6111

5420

G486

5880

5766

8047

7607

334

40.2

36.5

20.2

43.3

38,9

36.3

356.3

Clear and straight
grained ; 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-
ﬂling and bulging at

not,

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

Clear, straight grain-
ed. Crippled 1 ft.from
end.

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

Clear, straight grain-
ed ; burst, then erippled
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 ; kuot
$-in diar,, from side to
side. Failed by erippling
at this knot 8 ins, from
one end.

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

Clear straight grain-
ed. Failed by erippling
and bending at same in-
stant at centre.
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3.28

2175

2.90

3.95

3.98

The

345

2.90

2.88

2.18

=
o
o

5.00

501

4.33

4.10
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X

X

33.81

30.47

29.35

31.50

30.00

28.74

28.10

33.70

32,28

28.65

6940

5480

6183

6871

6174

8124

6677

4839

5566

4479

5735

35,7

33.0

36.4

35.0

34.8

36.7

343

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
larger knot § 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 eml.

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

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

Straight grained, but
heavy knot un side near
centre ; also heavy knot
8 ing. 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 eeason
cracks,

One old side badly
seasoned and injured by
usaFe; also knots near
each end; also a small
pin knot near centre at
which piece failed by
crippling and bursting of
fibres.
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4.30

4.92

X

X

31.95

31.85

30.84

28.00

33.75

35.25

38,00

X 33.506

X 33.54

33.50

5124

7309

7167

6496

5708

59056

7615

7444

5338

5909

32.6

35.1

Heavy knots near
centre. Crippled at
knots.

Clear and straight
grained. except slight
wave 1 ft. from end due
to vicinity of knot.
Failed at this point by
direct crippling.

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

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

Clear and straight
grained. Failed by bend-
ing ; sbort epecimen
failed at 30,000 lbs,

Several knots; crip-
pled at one running from
corner to corner 12 ins,
from one end.

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

Clear, straight grain,
Crippled near one end.

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

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

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

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

Large mass of knots
near middle. Crippled
at these,

Grain parallel; knot
at centreat 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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4.06

4.24

2.64

433

X 40.02 6330
X 41.83 3366
X 54.95 3389
X 52.62 5105
X 60.0 3980
X 69.0 3211
X 59.756 3190
X 60.5 4619

38.1

36.3

346

343
36.5

344

354

34.5

Straight grain ; small
knot 14 ins. from end.
Failed by bending in
middle.

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

Straight grain ; many
knots. Burst in two
opposite directions at
knots 11 ins. from one
end and 12 ins. from
other end.

Straight grain ; clear ;
bent at centre.

Straight grain ; failed
by crippling at koot
rnsaing through corner
3 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.

Straight grain ; seve-
ral knots. Failed by
crippling at knot 12 ins,
from end.
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RESULTS OF COMPRESSION TESTS ON

OLD DOUGLAS FIR.

wi s A&
Dimension in ins. E:% R
! Lengths. g'— ~ éé‘ Remarks.
Z88 3 g
- B
221 X 223 X 9.15 8644 35.9 Grain  straight and

clear; one old side with
season crack. Bulged
along season crack, and
crippled.

X 9.65 64656 325 All  fresh  sides ;

straight and parallel

grain ; oneedge strained
from bolt. Crippled all
over.

One old side; grain
straight and parallel,
Crippled near one end.
280 X 9.70 5696 332 All fresh sides ; grain
y straight and parallel ;
one edge stramed from
bolt; 1in. season crack.
Crippled one-fourth the
way down, slightly help-
ed by season crack.
$ X 9.66 6979 345 One old side; grain
straight and parallel.
Crippled <at one end,
slightly aided by season
crack.

9 me o m99r 9B @ One old side; iron

3.76 X 9.64 1235 35.6 stain at one end; season
crack ; grain straight
and parallel. Crippled
at 3 ins. from end,

329 One old side; grain
straight and parallel,
Crippled near centre.

X 11.32 6660 35.70 Knot 5 ins. from end;
next face, knots 1} ins.
and 4 ins. from same
end : small pin knot and
season crack on third
side. Crippled through
knots,

X 11.956 7900 47.25 Clear and straight ;
very full of resin; some
season cracks; crippled
at one end.

-1
o
-
-1
w
=3
.

X 9.65

X
©
-3
o
o
=1
-1
-3
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3.45

345

2.90

341

3,45

X
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345

2099

348

-
-1

346

X

12.00

12.00

12,0

12,0

12.0

12.0

12.0

12.0

H085H

b218

3838

14928

5461

5314

5308

1011

4814

5063

317

30.88

35.0

33.3

30.0

32.0

305

Grain  straight, 04
slightly curly ; three
fresh sides ; old side
crushed by tie ; slightly
rotten under tie; crip
pled at small defect near
one end.

Grain parallel ; crush-
ed and rotten for a depth
of § in. under tie; two
adjacent sides  new.
Crippled at rotten part
near one end.

Grain parallel, but
crooked ; knot near cor-
ner 4} ins. from end, 1
ing. diar., knot .exlunnk-
into piece. Crippled
through knot.

Grain parallel ; three
fresh sides ; 1§ ins. knot
l;nssing through corner

ing, from end. Crip-
pled near one end and
gplit along grain adja-
cent to knot.

Grain pavallel ; two
adjacent fresh sides ;
season crack on one old
gide. Crippled near one
end and split slightly
along season crack.

Grain parallel; three
fresh sides; small sea-
son crack.  Crippled
near one end.

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.

Grain paraliel ; three
fresh sides; old side
slightly damaged ; also
cant hook holes. Crip~

led near centre at caut
hook holes.

Grain parallel ; two
fresh si(res; slightly
rotten at one end on old
side. Crippled at the
rotten point.

Straight grain; all
fresh mﬁes ; shows signs

of failure; crack at end.
Crippled near one end.
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X

i X

12.0

120

12.04

12.05

6199

8703

5693

33.2

33.6

334

33.45

Grain sound and pa-
rallel ; three fresh sides.
Crippled near one end.

drain parallel ; two
adjacent fresh sides ;
season cracks; small
cant hook hole 2 ins,
from end close to corner ;
slightly rotten. Crip-
pled at cant hook mnr‘(.

Grain parallel ; three
fresh sides ; small sea-
son crack on one side.
Crippled at one end ;
season crack opened.

Parallel grain; four
fresh «des. Crippled
near one end.

Parallel grain ; one
old side; saw cut and
season crack. Crippled
near one end.

All fresh sides; grain
straight and parallel ; 1
in, season crack. Split
along season crack.

One old side ; season
cracks; grain straight
and parallel. Splitalong
season crack.

One old side; grain
straight and parallel,
Crippled at one end.

dne old side; grain
straight and parallel ;
season cracks 1 in. deep,
Crippled at one end.

ne old side; grain
straight and parallel.
Crippled near centre at
a small defect.

One old side; grain
straight and parallel.
Crippled at end.

One old side; grain
struight and parallel,
Crippled near one end.

ne old side; grain
straight and parallel.
Cri’pplod at 3 ins. from
nd.

Grain  straight and
clear, except small pin
knot hole 3 ins. from
end; piece shivered by
Eeuon crnlcks. Failed

iece splitting off. It
tger‘: crippled at knot 3
ins, from one end.
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3.28

332

8.31

w

33

3.30

3.28

4.18

4.35

X

X
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3.96

4.04

4.02

4.0

4.0

4.02

463

4.65

X 12,

X 12.04

X 120

X 12,0

X 12.03

X 14.15

5510

4825

5675

4165

6300

5540

5200

6735

32.9

28,86

3286

28.95

33.56

32,70

356.3

36.95

Grain straight ; small
pin knot on a corner
near centre ; very heavy
season crack on old side.
Burst along season
crack ; also crippled 4
ins. from one emll.]

Grain straight ; pin
knot on corner near cen-
tre ; heart decayed ; also
one season crack. Crip-
pled at pin knot.

Grain straight; small
pin knot 1} ins.from end ;
two bad season cracks.
Crippled square across
near each end.

Grain not quite
straight ; knotat corner
2 ins. from end; defi-
ciency of heart all along
one edge. Crippled at
knot.

Straight grain; knot
on corner 13 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.

Straight grain ; knot
on corner 1} ins. from
end ; also season cracks.
Crippled 4 ins. from end.

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

nots; upper >nd was
not horizontal, not more
than 5-6 ths of the area
bearing.

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}
ing. and 4 ing. from first
end. Crippled at knot
3 ing. from end:
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X 14,80

7085

6500

6400

36.6

Two knots passing
through from face to
next face ; one 3 ins.from
end ; the other 7 ins.from
same end; deficiency
| in. X 1§in. on opposite
edge. Crippled llln!:‘:ngh
knot 7 ins. from end.

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.

Patch of resin through
centre; knot on one cor-
ner 6 ins. from end;
slight season cracks;
slight deﬁciean' on one
corner, Crippled through
knot,

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 =ame end. Failed
through knots at the
centre.

Part of large knot on
one end ; one side cover-
ed with small knots;
otherwise gound speci-
men. Failed at large
knot at end.

Grain parallel ; one
mediom 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.

Grain parallel ; mass
of knots at one end ; also
badly seasoned in resin-
ous portion. Crippled
at knotty end.

Grain parallel ; large
knot near one end ; bad
season cracks in resin-
ous portion. Crippled
at large knot.
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6T X 1450 7310 37.2 Grain straight and
sound, but one large
knot on end ; also one
knot on an edge 3 ins,
from end; one knot b
ins, from other end on
same edge ; slight season
cracks, Failed at the
two last knots.

(B X Knots in each end ;
otherwise clear; two
old sides badly shaken.
Crippled and burst at
knot at one end.

Groups of #mall knots
about 3 ins. from each
end ; also full of resin,
Crippled at each end
through knots.

Groups of small knots
about 4 ins, from each
end; also bad season
cracks, Crippled
through one group of
knots.

6500 Large knot at one end ;
two knots 6 ins. from
other end ; full of resin ;
dense and heavy; one
season crack, Crippled
through both knots 5
ins, from end.

1i.x0 6580

RESULTS OF COMPRESSIVE TESTS ON
RED PINE,
Lengths

in
inches

Dimensions

in meches. Remarks.,

Compr«'ve

18
e S
-

496 in dia Failed at knots 25 ins

from end; also at an-

other ring ot knots 3 ins,

from same end; nine-
on knots o

a8 b - teen knots in length.

2.98 - 5.86

3.00 by

B e e

205 nen

200 in X H.6H One knot near one end
Failed by  crippling
above knot.

288 in 5.69 Clear. Crippled 6 ins
from one end.
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4.81 in diam. X 13.75

4.04 X 3.0
4.03 ¥ 3.10
3.98 “ 3.10
3.96 ‘ 3.10
475 X 47 X 60,

5092

7602

7222

8516

Clear grain. Failed by
spreading at bottom.

Nearly straight grain ;
knot 6 ins. from end
passing nearly through
centre.  Failed at the
knot by erippling.

Straight grained; knot
on one end. Failed by
crippling at knot about
} in, from end all around

Clear wood ; straight
grained ; spread at end,
due to curvature of fibre
in locality of a knot.

Clear and  straight
grained. Failed 6 s,
from end by folding.

Grain parallel; one
knot 10 ine. from end.
Failed through knot by
erippling.

Four knots at 8 ins.
from one end. Failed by
crippling at knots.

Grain parallel; two
knots, one large knot 10
ins. from one end. Fail-
ed by crippling at this
knot.

Failed by crushing at
knot, 4 ins. from end.
Fourteen knots in
length.

Failed at knot 8} ins.
from end ; ten knots in
length.

Failed at ring of knots
7 ins. from end; fifteen
knots in length.

Crushed and failed at
I'not; straight grain;
fairly free from knots.

Failed by crushing
and bending. Straight

rain; crack down
ength.




4.08

4.02

391

4.03

3.96

4.94
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in diam. X 69.

69

69

66,25

66,25

66

3625

2685

3152

3280

31568

3734

2386

25613

985

Not well seasoned.
Failed by crushing and
bending at a large knot
31 ins. from t‘lllF; 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 number by crush-
ing and bending at 24
ins, from end; also at 2
ing. from same end;
fourteen knots in whole
length.

I'niled by crushing;
straight grained; failed
at two small knots 27
ing. from end and also
at 16 ins. from same end 3
large knots 39 ins. from
same (’llll , len l\'llll\“ mn
length.

Failed by crushing 16
ins. from one end at a
knot. Twelve knots in
whole length.

Failed chiefly Ly
crushing 12 ins. from
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 s=ame 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 OF COMPRESSIVE TESTS ON
NEW WHITE PINE.

Lengths
in -
inches.

Dimensions
in inches

Remarks.

ength
in Ibs.

Comprs’ve
Str

2.31
244
244
2.98

-3 DO 00 0O -~
cEes”
2.2 3.3 3K 2K XX I K KKK

!“ w oW

b
1.6
46
4.53
4.50
4.36
437

-
-3 O
o

XXXXXXXXXXXXXX XXX

—
-1
=

30.3 Grain clear but not
straight.  Cracked down
one side.

in diam, X 11.35 L Clear and straight.
Failed by folding near
one end.

X 11.125 & Clear grained, but not
straight. Failed by fold-
ing over at top.

X 11.875 bl Clear specimen ; deep
season cracks across an-
nual rings. Failed by
crippling.

3990 Two large knote. Fail-
ed between them.

3762 Two heavy knots 2
ins. from end. Failed by
erippling at the knots

5383 Clear specimen. ('rip-
pled without bulging or
cracking.

298 X 298 2, 5574 29, Clear and straight
grained, Failed by crip-
pling.

4.74 in diaw. 2774 Ring of four knots 6

ins. from one end. Failed

by erippling at knots.
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471 in diam. X 14.562 3400 2..6 One knot and :}I~’o
signs of decay. Failed
bv crippling at the knot.

2.626 % 3.502 X 14125 6400 Clear.

472 %X 452 X 14.875 5004 263 Clear. Crippled with=

475 in diam X 14.5 4408 out cracking or bulging.

" . P agn 2 One large knot; de

A5 x SEK 8360 21.1 cayed near heart Failed
at knot.

$703 X 15.35 3861  26.60 One knot at bottom of

' ! ) specimen. Failed at this
knot by crippling.

2.9 X 153.30 272 Clear and straight,

o~ ‘ i but deep injury from
wih X 16 it ike pole. Failed at in-

Jured part.

: 387 ‘ X 1625 2073 299 Straight grained.
Failed at one end at a

large knot.

| L 75 “ 17.36 2392 26 40 Two large knots.
= albl, e 4 Failed between them.

L7l N 17.938 1847 27.1 (‘:lmu' and  straight

! A g grained. Failed at end.

4.40 X 440 X 17.0 3856 30.6 Three large knots in

a ring around specimen,
Failed at knots.

297 X 3.8 X 20,54 6036 30.1 Clear and straight
grained; one-third sap-
wood. Failed by erip-
plingat T ins. from one
end.

385 X 383 X 21.65 3933 26.1 Failed previously as
illar under 49,200 Ibs,

rippled now at a large
knot 8 ins, from end.

38 X 38 X 2235 2508 26.7 Two large knots. Crip-

:' pled at one, 2 ins. from
(R an end.
B 383 X 383 X 2382 3615 25.9 Failed by cripplinz at
| ! two knots near centre
| T 204 23.60 5462 24.9 Clvm and  straight
e IV X X 23.6 46 +. grained ; failed previous-
it lv as pillar under 42,000
: &ri
K rippled now near
t (,entre
I8 08 202 . 9% =0 5093 9215 Clear and straight
bl 3.02  diam. X 235.7¢ 5023 245 grained. Failed by (:;ip-
: pling 8 ins. from one
I \ end.
i o 340 X 380 X 254 3610 25.0 Straight grained ; had

season cracks; full o
knots, failed ln (,l'lp
pling through two of
them 8 ins. from end.

3.

g

S aadsag




Red Pin

288 X 299 x 242

¢ ,White Pine and Spruce,

H 4607

290 X 320 X 26.70 3508
470 X 4.7 X 210 3103
209 X 299 X 2408 4474
3.05 in diam, X 241 H240
346 X 433 X 27.00 3488
292 in dism, X 36.53 5269
3.05 i X A8 4377
9 X } X 480 4666
470 indam, X 60 2652
470 X G0 1862
4795 X X G0 2749
470 X X 60 1862
47 X X G0 1951
476 X X 6 1951

o0
23.9

24.1

26.7

25.8

204

208

25.9

25.0

175

Straight grained ; pin
knot 10 ins. from one
end. Failed by cripkling
and bending at pin knot

Straight grained, but
full of knots. Crlpplenl
at one near corner in
middle.

Clear ; grain 2 ins. out
of parallel ; season
cracks along grain, At
upper corner grain ran
out. Failed L\ sliding
along seasoning, due to
non support of fibres
running from corner.

Clear and straight
grained. Failed by crip-
plnw and bending at
same instant at middle.

Failed previously as
illar under 33,300 1bs.
Lalleql now at knm 8 ins.
from end on a side,

Clear and straight
grained ; one-third sap-
wood. Fail by erippling
on sapwood side and
then bending afterwards
12 ins. from end.

Clear nuu, ?in.mu
of strai 'h high at one
side, l‘mlenl by bending
20 ing. from one end on
high side.

Ten knots; long sea-
son crack ran three
fourths the way down,
1} ins. deep and § in.
from edge; a bruise 3
ins. from end on same

side; on opposite side,
crack 3 ins. lon , 1ine
deep; grain anc rmw

both parallel. Failed by
bending toward a lli)_’fl
corner and then crip-
pling.
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4.7 X 4.7
4,75 in diam.
462 X 4.7
462 X 475
in diam.

400 X 400

:.'—
-3
=

403 X 4.06

4.03 X 403

395 X 398

St I't'H!I”l uf

X 60
X 61
X G0
X G0
X G0
X

78.24

RESULTS OF COMPRESSIVE

Canadian Douglas Fir,

2306
2676
2370
2826
2765
2037

3464

4557

3260

27.6

8.9

293

OLD WHITE PINE.

Dimensions in inches.

3.5 X 44

Lengths.

X 11.75

r

gth

stre

nin

Comprs’ve

©aq.

—_

3
°
A

. in lbs.

28,10

Heart ; unseasoned ;
straight grain ; four
groups of knots 2 ins., 3}
ns., 44 ins., 6] ins, from
end on each face. Crip-
led 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
1bs.

Straight clear grain ;
one small knot. Failed
at kuot 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,

TESTS ON

Remarks

Large knots on all
sides about 2 ins. from
an end, otherwise in
good coundition, except
shivered at & corner be-
tween two knots. Failed
by splintering at hiver-
ed corner ; alo 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 =eason
crack,
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4.32

X

1175

4470

4330

4660

26.4b6

Medinm knot through
corner showing on two
faces about 14 ins. from
end ; otherwise sound
and clear. Failure by
crippling at centre.

Knot on a face 1} ins.
from end, passing to
opposite face § in. from
end ; also small defi-
ciency at corner on same
end and along one edge ;
also sapwood.  Crippled
longitudinally  through
knot.

One small pin knot
on corver ; also shaken
by seasoning ; also two
sm 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 eracks.
Crippled 5 in<. from one
end.

A large knot 3 ins.
from end passing
through from opposite
faces ; also seasoned
somew hat. Crippled
throngh 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 eracks.
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.




348

3.48

3.51

4,10

4.17

4.19

4.18

4.14

417

The

4.52

4.40

416

4.19

4.18

20

Strength of Canadian

X

11.73

11.74

11.60

12.00

12.00

12.00

1200

12.00

12.00

12.00

3910

3830

1625

2923

2183

20569

2840

24.4

23.85

|89
o
w

263

23.1

25.0

Douglas Fir,

Large knot on enl;
seasoned ; grain clear
und straight,  Failed by
crippling at centre.

arge knot on end;
grain clear and straight,
season cracks. Failed
by splitting longitudin-
ally  and crippling
slightly at centre.

One old side; grain
clear and straight ; piece
badly shaken. Crippled
at centre.

Grain  clear and
straight ; season cracks
on two old sides ; injur-
ed by cant hook on one
old side. ('ripljl(ul at
one end and through
defect.

Grain parallel; one
small pin knot ; season
cracks on old side ; one
small defect on corner 2
ing, from end. Crippled
atL one end.

A large knot near cen-
tre ; badly seasoned on
old side ; splitalong sea-
soning ; split from knot.
Also erippled.

Grain  clear and
straight, seasoning
cracks through centre;
small defect on old side.
Crippled through de-
fects.

A large knot from end
to end along one face;
another at one end ; an-
other at_opposite side,
Fibre split from knot.

A large knot from end
to end along one face;
another at cne end.
Crippled at koot at cen-
tre, and also a splitting
away.

Clear and straight ;
seasoned on two old
cides. Crippled at one
end.

Gra'n  clear and
straight, bad season
cracks on old side ;
spike hole 2} ins deep, 2
ins, fromone end. Fail-
ed at spike hole.




4.21

4.20

4.16

4.19

4,17

420

4.16

4.20

Red

4.21

4.21

120

121

4.2

X

8

X
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12,00

12,00

12.00

12.00

12,00

12.00

12.00

12.00

12.00

12,00

22567

2438

2569

2030

2686

2180

1833

1015

184
=4

2271

22.3

234

28,0

24.1

25.3

24.4

25.0

23.39

Grain straight ; three
fresh sides; one large
knot near end; season
cracks on old side. Crip-
pled through knot at
one end,

Grain straight ; two
large knots at opposite
ends ; season (:rm'lh on
old side. Crippled on
end at a knot,

Grain  straight and
parallel, except at one
end, where it is curled
by vicinity of a knot;
otherwise sound. Crip-
pled at sound end.

Two large knots at
one end, otherwise
straight and clear ; fresh
sawn on all sides. Crip-
pled at knots at end.

Grain straight ; three
small knots at centre;
two old sides injured by
several small  holes.
Fibre split and crippled
at small knots,

Three large knots at
centre ; grain parallel ;
full of season cracks on
old side ; fibre split.
Crippled at knots,

Grain  crooked by
knots ; two large knols
near centre ; large sea-
son crack on one old
side.  Crippled across
centre at knots,

Four large knots near
centre, otherwise clear
and straight ; one knot
at each corner. Crip-
pled across centre at

nots,

Grain straight; three
sides fresh sawn ; small
pin knot; small defect
at one end on old side.
Crippled at and near
small defect.

A large knot hole at
an end; three smaller
knots near centre; other-
wise round and straight,
Crippled at end aided by
knot.
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4.18

4.20

419

4.20

417

418
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423 X

4.23 X

42h X

4.20 X

423 X

4.20 X

12,03

12.04

12.05

12,02

12.05

1838

2477

w
—
-1
-1

2387

1797

1789

27.2

e
_C.
-—

256.0

Two sides fresh sawn ;
three large knots 2 ins.
to 4 ing. from one end;
grain  twisted ; three
cant  hook marks ;
cracks in  medullary
trays. Failed by split-
ing from large knot.

Three sides fresh
sawn ; grain not paral
lel, 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.

Three fresh sawn
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
end, large one at corner,
Crippled at knots.

Three sides fresh
sawn ; grain not paral-
lel ; seacon cracks
through bod]y of speci-
men; slightly decayed
on one side ; several
small pin knots. Shear-
ed on rot line and crip-
pled at knots.

All sides fresh sawn;
two large knots in body ;
grain parallel ; slight
decay ; cracks in medul-
lary  rays.  Crippled
through knots.

Two sides fresh sawn ;
srain not quite parallel ;
arge knot atone end;
season cracks on two
old sides ; small knot in
body. Crippled through
knots.
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2099 248 Three sides fresh
«awn ; grain parallel ;
season cracks on old
side; two small injuries
in old side near one end.
Crippled ' through very
small knot near one
end.

12.01 228 o Three fresh sides;
specimen full of knots,
two at one end, one
large knot and two
small knots in bod{
bad season crack on o!
side. Crippled through
knot at one end.

1606 Four fresh sides; two
large knots near centre ;
two pin knots; grain
parallel. Crippled and
splitalong fibre from the
knots.

Three sides fresh
sawn; large knot 4 ins.
from end; grain paral-
lel; slight decay. Crip-
pled opposite knot.

Four sides fresh sawn;
large knot near centre ;
grain parallel. Crippled
opposite knot,

.

13.65 30.¢ Clear and straight
grained. Failed by fold-
ing through an injury
from cant hook 4} ins,
from end.

o a0k - = Grain  straight; one

3.625X 4.50 40.875 old side; free from large
knots ; failed by burst.
ing open along three
lines, which  pass
through various knots
and season cracks,

3756 X 431 X 45.25 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.
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P <. 2h 840 22.6 Grain straight; one

3.50 "¢ 4.50 X 45.1 . old seasoned eide; many
knots; failed at one
Jarge knot in_middle of
pillar, which passed
through from side to
side. Failure by bend-
ing across narrow di-
mension.

H0) 3 4 2170 219 Grain straight; one
350 X 438 X 418 - old side; many small
knots ; one large knot
on old side 16 ins. from
one end. Failed by
crippling at that knot.

Straight grain ; fairly
clear ; some  small
knots ; one old seasoned
side. Failed by bending
18 ins. from: one end in
clear wood across least
dimensions,

Grain straight; two
old sides ; knot at one
end ; also knot at centre
pnssinli through a cor-
ner. Failed by direct

crippling which started
at knot in middle of the
piece.

2082 21.1 Grain nearly slrnilzh(;
one old side; various
knots, particularly one
near centr® passing from
coraer to corner of sec-
tion. Failure by bend-
ing at this knot on least
dimension.

35 X 445 46 2248 21.7 Grain straight; one

X X old side. Pailed neer
centre by bending across
least dimension at a
knot, which penetrated
the heart of piece from
one side.

3.73 X 435 X 445 2650

35 X 44 X 4 3346

w
w
o0

35 X 44 X 4

w
=t

| 3.83 X 383 X 713 2862 Two knots on one edge,

one large knot at centre,
another 12 ins. away ; on
second face five knots,

two near centre, others
' 12 ine. from ends ; grain
k2 parallel ; centre of tree

in_corner of specimen,
it failed by bending at cen-
| tre knot, induced first
1 by being } in. off centre
i on top bearing.
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3.84 X 384 x 72.0 3338 26,06 Bad koot ins. from
centre on one face ; next
face knot 2 ins. from
end ; grain about paral-
lel; many emaller knots;
centre of tree on same
corner as large knot.
Failed by bending at
large knot.

RESULTS OF COMPRESSIVE TESTS ON

NEW SPRUCE (B.C.)

i

. . €
Dimensions in inches. -§=3‘§ 'E‘é% Bematks:
Lengths, gg—"j Bas
o af A%
472 X 2.313X 1.94 3415
477 X 225 X 1.9 2941
475 X 2.375% 1.876 3020
4.72 X 2,25 X 1.875 3465
478 X 2.26 X 1.97 3256
476 X 2.26 X 1.94 3118
47 X 2312x 1.88 3009
472 X 222 X 1.9 3179
376 X 234 X 162 3864
4812 2312% 1.94 3210
4375X 1.876% 2 4440 P,
475 X 225 X 2.50 3321
473 X 4.73 X 39 3451 i
3.67 X 3.67 X 3.64 5590 Failed by crippling. i
475 X 47 X 4.0 3326 l']
475 X 4.7 X 4 2838 )
4812X 4.812X 4 2986 i
466 X 4.6 X 520 4540 !
3.00 X 2.8756X 6.50 7586 Clear and straight. 13
3.00 X 3.125% 6.00 6036 j
47 X 47 X 17 4299 29 8) Four pin knots ; ends )f
not quite parallel, i
3.125X2.875 X 7.256 6312 {

4.687X 4.687TX 8.66 5305 29.80 Clear and sound;
cracks along medullary
rays.

4.7 X 4.75 X 11,6 4656 Clear and straight.

42 X 38 X 116 4806 269  Crippled at centre,

40 X 4.04 X 1175 3898 338 Straight grained.
Crippled at large knot
on edge near centre.

-

S

it -
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410 X 125D

184

410 X

3956 X 3.5
472 X 472
4,70 in dior,
.33 X 418
436 X 4.2
430 X 440
441 X 445
206 X 342
348 X 3.50
2,70 X 4.06
2.70 X 4.02
4.30 X 450
408 X 436
118 X 435
$.20 X 43D
420 X 4356
4.20 X 4.4
4.24 X 434
412 X 435

X XXX

XX XX

X X X

1205
1409
14,

14,97

20,60

20.6

20.6

41,0

40.95

4461

4907
4063
3328
4382
3767
3540

3850
3390

4384

3070

S086

3684
3909

3271

3774
2973
3560

28.3

20.56

30.2
33.9
20.6
271

20.9
6.3

-

[

e W
- =1
(=] -

(5]
-
-1

254

28,2

o
(=2}
-

w
4
—

27.2

Clear and straight
grained; slight axe-cut
on one face 3 ins. from
end. Failed by crip-
pling at axe-cat.

Crippled at a bunch
of five knots.

Five large knots and
one large season crack.

Clear and straight.
Failed by crippling near
one end.

Failed by crippling.

Knot near one end.
Failed in centre,

Clear.

Clear and straight
grained, but heavy sea-
son crack from side to
side. Failed by lmlgin;i
on season crack and
then bending.

Grain not  straight;
heavy knot through cen-
tre; also ends not square,
Burst apart along centre.

Straight grained, Fail-
ed at large knot 3 ins.
from end by crippling.

Straight grained;
eight large knots. Failed
by bending at two knots
19 ins. from one end
concave to high side.

Grain clear and par-
allel. Crippled at centre.

Grain crinkled near
one end. Failed there.

Clear; straight; no
knots, Failed at one
end.

Grain not quite
parallel ; knot near
centre of one side at
which piece failed.

Grain not parallel.
Failed by longitudinal
shear, which passed
through a knot,

Failed at a knot near
centre of one side.

Failed by longitudinal
shear.

Failed ata knot.
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4.62
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in diam,

“

X 23,60

X

X

XEXXXXXXXXXXXXX X

250

25,00

23,06

18.5

60
60
60
60
(1]
60
G0
60
60
60
W)
60
60

()

3680

3382

3550

4229

4908

anm
370

3430

5263

1862
2708
2351
2276
3104
2660
2351
2306
2661
2431
2416
2420
2483
2483
3215

2567

279

26,4

26,7

26.4

30.86

241
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Grain parallel. Failed
by crippling at a knot 6
ins, from one end.

One season crack, did
not affect the failure
which was by crippling.

Knot near one end.
Crippled in  body of
piece at a distance from
the knot.

Grain clear and par-
allel.  Crippled on one
side.

Clear and straight
grained.  OCrippled two
inches from end.

Straight grained ; large
knot on middle of side.
Failed near one end in
clear wood.

Four deep medullary
weathering cracks ; a
mass of knots at lower
end ; mall pin knots at
centre ; ends not quite

rallel.  Crippled at
ower end at knots.

Clear and straight
grained ; failed by
crippling and bending 6
ins, from one end.
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RESULTS OF COMPRESSIVE TESTS ON

OLD SPRUCE.

Remarks.

Dimensions in inches.

Comprs've

Lengths,

2564 X 315 X 59 4375 984  Clear wood, straight
grained ; ends ont of
square ; bent over.
212 X 297 X 1012 508 284  Clear wood, straight
gramed ; ends out of
square ; bent over.
Clear wood, straight
grained ; failed by bend-
ing; worm eaten.
11.256 3862 928.4 Clear wood, straight
grained  ends out of
square ; bent over.
218 X 218 X 14.00 4842 279 Clear wood, straight
grained ; failed by bend-
g Y
ing; worm eaten.

217 X 218 X 1340 4714 279  Clear wood, straight
grained ; failed by bend-
g )
ing ; worm eaten.

242 X 245 X 1095 4367

w
=3

]
X
o
X

320 X 322 X 1340 5825 Clear; straight grain-
ed ; crippled at centre.
320 X 321 X 1328 5696 Clear ; straight grain-

ed ; crippled at end at &
previous injury on sur-

face.

817 X 321 X 1362 4000 Straight grained; knot
at centre, Crippled at
knot.

320 X 320 X 1343 5273 Slruiglngruincd;knut

on corner at cenlre.
o . Failed at knot.

280 X 336 X 1330 5139 Heavy knot through
edge near centre. Crip-
pled at knot.

280 X 3834 X 1250 4818 Straight grained

knots near each end'

Crippled and _burst

through large knot.

Clear wood ; straight
grained. Failed by bend-
ing ; worm eaten.

353 X 351 X 1460 6329 Clear and  straight
grained. Crippled near
end through a small in-
jury like a nail hole.

218 X 218 X 16.00 4337

w
-
=]




{
2.60 2.63 15.45 7339 Clear; straight grain-
e . ed Crippled 5 ins. from

end,

260 X 275 X 1626 3664 One emall knot, but

badly out of parallel.

Failed at knot.

266 X 2.0 X 1557 6G80H Straight grained ; one
small knot near end.
Crippled first near cen-
tre through cant hook
holes.

280 X 337 X 27495 5116 Straight grain ; knot
12 ins. from end. Crip-
pled at knot.

280 X 335 X 1626 5096 Straight grain; knot 10

ins. from end. Crippled
at a knot.

Clear, but grain very
much ont of parallel, as
much as 3 ins. in 18 ins,
Burst apart by shearing
of unsupported fibre.

262 X 29 X 1

-
-1
w

n6e2h

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 BC, and
it was also nccessary that the depth should not be inconvenicntly 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-picce increascs, so also does the
normal pressure upon the faces AB, Fig. K| and, therefore, so also does
the resistance to shear along the surface BC. At first, the faces of the
holders in contact with the specimen were left rongh, 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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beams, which had already been fractured transversely. The extensions
of alength of ten inches of the specimen under gradually inereased
loads were measured by means of Unwin’s extensometer until the
total extension exceceded about one-cightieth of an inch ~ After this the
extensometer was removed, and in many cases additional extension read-
ing=, up to the point of fracture, of a length of sixteen inches of the
specimen, were measurcd by means of a steel rule and indicator elamped
to the specimen at points 16 inches apart and allowed to slide over one
another,

The results obtained ave given in the following tables, and an exam-
ination of these will show :—

1st. That the increments of extension up to the point of fracture are
almost directly proportional to the increments of load ;

2nd. That the presence of knots is most detrimental both to the
strength and to the 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
Jess stiffness than that more distant from the heart ;
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4th. 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 extensometer and
with the rule, are chiefly due to the presence of a knot, or to curly or
oblique grain caused by a knot.

Aguin, 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 elear, free from knots, and straight in the grain,
and if no interval of rest is allowed, then for any given range of loads :

(a) The total cxtension is greatest during the first loading ;

(b) The extensions due to the suceessive Joadings continually
diminish, tending to a minimum limit, so that the co-flicients of clas-
ticity increase, and therefore so also does the stiffness ;

(¢) By the successive unloadings a set is produced, which con-
tinually increases, but at a diminishing rate, and which tends to a
maximam limit ;

(d) 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 commencement, but eontinually diminishes, tend-
ing to & minimum limit, which possibly eoincides with the maximum
limit reached previous to the interval of rest,

So also, after the interval of rest, when the first set produced the spe-
cimen is from load, i greater than that previously produced, but gra-
dually diminishes, in the succeoding releases from load, tending proba-
bly to a minimum limit coinciding with the maximum limit reached
before the intervul of rest.

These inferences are also in accord with similar experiments carriel
out by Mr, Kerry, B.A.Se.

Special attention 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 printed to some
inherent weakness in the timber itself,  After a microscopic examina-
tion of the fractured sections, Professor Penhallow deseribed 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 trans-
“yersely with great regularity, The peculiar brittleness can only be
“ referred to some local molecular condition of unknown origin, possibly
“to a deficiency in the element of water.”
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The simultaneous failure at two sections of specimens 2 and 8 from
White Pine beam X LVIIT may probably be referred to a similar cause,
and, as Professor Peohallow says, adequate explanations of such
failures are still to be sought,

In the tables the extensometer measurements are given in hundred-
thousandths of an inch, and the rule measurcmentsin hundredths of an
inch,

With each table a diagrammatic section is also given, showing the
part of the stick from which the several specimens have been taken,

— = 7 ///
Fig 127 frgr2a8. Figi29 Frgr30 Frge3l Figs "
Results of tension tests on specimens 1 to 9 cut out of Douglas Fir Beam
IX, and of repeatedly loading a specimen cut out of the same Beam. (Fig 118,)

| Readings taken by Extensometer.
|

Loads Specimen.
in T —
s, L] 2 3 | 6 7 9
For- | For- For- | For- For « For- For- For- For-
ward, ‘ ward, | ward, ‘ ward, | ward, | ward. | ward, [ ward, | ward,
|

\
100 0ol 0 0 0
200 Rl 79 65 92 vesnsasnsens By 82
00 | 220 | w7 | 1es) o6l | 240 | 2507] 2 252
Goo | 3720 a7 B8 430 | 39 201 421
800 509 435 579 | 54 i 56 403 579
1,000 G 673 ‘ MI T g 5 736
1,200 779 BIR 64| 870 352 iR 868 3T 890
1,100 a4 960 T840 1060 1025 752 1047
1,600 1049 1097 | 894( 1226 |. ssenve] 1188 869 1200
1,800 11%5 1008] 1395 |, wilemwe  |aveen
2,000 | 1323 ail>an | BELANEE na
Total breaking )
weight in 1bs, \ | 9270 | 6290 | 10,580 b
Break’y weight | {
in Ibs. per £q. |
Maoos

elasticity in

Coefficient of }

Noaeloe ol o
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2 Keanhngﬁ 1aken ln 5
1= [Rule :
o Extensometer. Rule ‘ Extensometer. -
For- Re- | For- Re- | For-| Re-| For- Re-| For-| Re-| For-| Re- | For-| Re-| For- an‘ For- Re-| For Re- | For- Re-| For-| Re- Fur»’ For-
ward turn, ward l.nru_‘lwanl turn. ward turn. ward ulrlLiu‘nrd‘mrn. ward turn.|ward ward ward turi.|ward|turn. ward turn,/ward tarn. ward ward
| | S ] L
0 26 26 14 14f 3 3 1 29| 41 41 63 1;.‘{! - -
58 ....1 48 53| 49| 62 56/ 70 5| 103 7| 109 125 119|....
176 lm 169 190| 189|.. .. 213 232 2'*" 253| 238]...
20¢1....0e5..] 316{. s o svfesrslesnslonin vovelsusalevnslones
418 427 421 JI(I 4"' 44'4 4".) 4t-l 56 447 4‘30 500 472
1000 54¢ .. R0 S ceefoeesfi o
1200/ 675 6 5| 704 695 713 732| 711' 743
;4001 79y .. . S R SR R
1u00] 919 930 - ‘hl 974;
15001 049 1049 ]m.- 1068/1073/1073 1080 1080 1087 llN' 1087 1087 1091/ 1091 TOYR oo [1020 oo cofevvele Toaae cosnlinns vunefunnensfosenns
2000 1253 “1,ollmllmlln-ll\«tll“lll"‘illd"l' 30
2500 ) ‘ 6
3000 : 12
3500 | 18
4000 23
4500 29
2000 | 35
5500 | 10
6000 | | 45
6500 | | 50
7000 | 60
7500 | 70
Total I:rmkmg - -
weight in lbs. } 7,000 7,500
Break'g weigh
lnellkmLp :q.glnt 10,145 ’ 10,757
Co-efficient of +%i Ak
elasti’ty in lbs. { | 2,321,600 2,334,850
Time of test, in ) ‘ - "

minntes.. ...

6 cut out of same Beam.

6b
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Loads in 1
lbs. Extr.
“For-| For-
ward|ward
100 0
200 62
400 172
600 284
800 403
1,000 523
1,200 648
1,400 769
1,600 892
1,800 1013
2,000 1136
2,200
2,500 S =y
3,000 5 E
3,500 =2
4,000 -8
4,500 8.
5,000 g2
5 = &
6,000 gs
6,500 £z
7,000 Z.3
7,500 “ o
8,000 %
8,500 ® g-
9,000 =
9 g
10,000 ¥
10,500
11,000
11,500
12,000
Total breaking b
weight in lb: t 7460 1243
¥ ight
— S oqn. {10376 17,492
Co-efficient of

_elast’ty in Tbe. §

2,308,650

2,846,900

1 —F—nrwlﬂl. |

Re- | For- Re-

turn. ward turn. uar
| {

7228|....
1(),191| |

2,021.350, |

, and of repeatedly loading specimens 3, 4, 6 cut out of same Beam. (Fig. 119.)
bpeunu-n Readings taken by Extensometer.
) e —— — — i
Kl 5 ‘ 6
Re- | For-| Re- | For-| Re- | For-| Re- | For- " Re- | For-| Re- | For
d For\\anl ‘lurt:;. wa(:l mr:“warrnl turn. wa:-l;turz wnr‘:l Forward. ]}-unmnl l! :n rnr':l,m:;. wnrrd
,_, LTen Dy cerefeeni]eansion P P 0]
W ool snvsivsenfessilonsalones e 9 72
194| 201 "201 21" 212| 221 ‘ 225|225 220/
326{... elivoe|osos]osss - 364| b
469 431 192 -I"OI .)00 493 503 506 504| 467 488 484“ 490/ 489
612.... .... o i e ! 67 609l
750|.... 757 760 761 16') 72| T4 -n‘ 750 763| 759
o A N B e f 924 890....|....
l()l9 1019 1027 1027 1033 10’31 1039 10%9 104] 1061 1029 1029 10311
PR B0 DR S IR o pous D T (T S MO [N R
T | o]
= g |
l |z | z \
| EE .
| E_‘ g ‘ 3
| s | 2
| é‘g | H
si. | =
‘ || g | z
| e | e
| { g z
| }::' r
g |
(2
i ( \
1 [ 1| 1
| |
) : \ |
| | |
... |
£ 77 R S B L [N SO W - Goo0  Sa
10,279 l 992; 11,535 |
2,036,900 2,134,450 1,973,150

| 167, 762
1031|1037
1172

ondg pun g gy ‘om g pay




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).

Readings taken by Extensometer.
Specimen
e e —————

 § £  §

|
Return, |

Loads in For. r- o
ward. | ward,

lbs. ward.

For-
ward

For- For-

ward.

For- For-

Return. ward. ward.

| &
Return. Return. “}“;a lh'luruv‘

78
193
316
430
545 .
731 760 380 | 689 | 683
860 875 |
983 890
1019 2 3 | 27 | 1005 | 1015 | 1017
T I P S JusTs: |oeeeee| 1083 | oote| 1120
Total break'g 2 | t >
perr b i g o 8 OV [ (PR | L1140 | 13071
Brk’g weight%

|
100 | 0l..... oo " e l g 0

TS T (S (S S e [......12,233,150/22,9,6350

in lbs per |
{

8q. in
Co effic’nt. ofl
elasticity in [
Ibs. ) 1 |

* After this, the 4th series of readings, the test-piece was allowed to rest for a period of 2 hours. On resuming the testing the

reading was .000171. ) i .
NoTE.—In test-pieces 7, 8 and 9, the grain was somewhat obligue to the direction of the axis.

e5ls on specimens | to 6 cut out of Do
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to 6 cut out of Douglas Fir Beam XII, and of repeatedly loading specimen 3
cut out of same Beum (Fig. l"O)

Ren-img- mken by

! r' = 1 |
| 3 4 ! 5 6 1 E
Extr. | Extr. | Extr. Rule| Extr. Extr. Extr. Extr. | Extensometer
| i

| Re- | For- [Ke- | For- Re- | Foi - For-
turn.!ward turn. w-rd(urn, ward ward

\ ==
0| 0,
82| 69|
232| 192
382| 313 263|.... Tl LS
548 442 E . 3¢ 5 L 52 wtw
720 600 505.... 509 702 7 . ‘
875| 759, 529).... 31 515 856/ 3 m,‘;‘ ‘.m 687/ 70-!1 697
1032 907 eeoe 2 { 1009/ 5 m eienls SRS T -
n .s‘ 1179 1030 869|.... 18 1l ‘ A
| 1214 wu‘lo;vuuﬂ 1040/1042 1042/1051 - - .-
| ’ 178

ay
1 st

1) a0aid-1591 »

|

|
[
|

Jouy [|wus v
1 19y 0) paouatuuod aad 189) sy,
‘jouy v 0}

2 sum uead

6,500
7,000 |
7,500
8,000
8,500
9 000
9,500
10,000
10,500
11,000
Total break’g g
w ghl. in lbs.
Brk’g weight
in Ibs.p.sq.in. }
Co-effic’nt of | |
elast’y in lbs | |1,791,800/1,805,0502,001,650/2,307,200 - - -« i!,b’ii,?()ﬂ 1,920,900(1,934,106/1,896,500| 1,960,450,
Time of test » l ‘ ‘ ‘ | !
in minutes.. 10 | 10 10 16 Jussab 18 9 8 9 | 4

2.
<

=

<

=
»
2
o
=
3
L

donady pun aur g apyp wuwr g payr

Altunxoac

10,620/ 10,760 10,760 Jg200....1 9900 5, 510l 10,220 9,300 10,420|
|

|
14,886 15,327 15,040 15,655 1 13,909 7,823 14,660 13,066, 14,640




Results of tension-tests on specimens cut out of Beam XI1I, and of repeatedly loading other specimens cut out of the same Beam (Fig. 121).

Readings taken by

|
| eatl— — | { ey -
| Extensometer . {Rule| Extensometer.
Ioal(:’i |n“ 1 } 2 3 1 1 2 3 i
|¢~ 77777777 l(’ F(;r R For-| R For-| R For- Re- | For F: : . | = L Re- | Fi l('—';' . S
8 e- | -| Re- -| Re- For-| Re- | For-| Re- | For-| For- p, * ; rorward | 1 d | Forwan - orw - | For-| Re- For- ]
| Forward |,y |ward turn. ward turn. ward turn.|ward turn.|ward ward Forward | Forward | Forward | Forward | Forward Forward = Forward S s bl “_“r‘,‘ <
— _ — | Z‘
coe ¢ Oi 0 0 S
70 119 64 101 g
198' 198 199 109 202 199 306/ 215 216 <
................ sodw 337 491| 338 120, =
409| 405 435 427| 454| 428 435 ool !72 613 f“ﬁ 572 o
esss|eseele .i-..,---. coo.|eoooelence 610 839 591 =
623 627 659 651| 661 653 664 42| 1015| 720 S
S i o [l B e e 12/ 1179 844 &
I W alsssutesentss 1006 ... vunn | 962 lovssfuvssleses
939‘ 951 975 ‘.)S‘l‘ 981| 983 983| 983|....| 1140/........ 1090 ... TRII07TR 110211021118 5.
cessfoens ofseeefaenteene . S
~
b3
é
=
%
?:.

7490

gl 7520 ‘

\ | 13,045 7322 1,2337] 10,191 15,271  6278] 3721

| { | | |

} 2,609,400l l ‘ i ‘2.108,50011,631,700 2,263,400|l,68!,900‘2,359,1501l,09t5,900 2,323,700
|

10,638

elasticity in
1bs.

On resuming the testing. the reading was 000182,

the test-piece was al’lowed to rest for 2} hours,

* After this, the 4th series of readings,




Results of repeatedly subjeeting to tensile stress a specimen cut out of Beam XV. (Fig. 122.)

Slr\;?;lll}'; oy

Readings taken by Extensometer. Rule

Loads 1 lbs. — e S - - - —
Forward. Re- For- | Re- For-  Re- | For- Re- For- Re- | For- Re- ‘ For-| Re- | For- | For-
turn.  ward.! turn. ward. turn. | ward. turn.* ward. turn. | ward. turn, ‘unrul .| turn. (ward. | ward,

100 0 20 20 20 20
200 o ¥ R R PR e
400 229 | 220| 216 2 24 232
600 379 so0e | esse é
800 522 | 509! 495 511
1,000 850 svoo | cnua >
1,200 790 0 90 771 2 790
1,400 926
1,600 B isow | ssei ] sesn favsell move | vs
1,800 | 1186 | 1186 | 1181 1181 1183 ' 1183
2,000 |
2,500 | .
3,000
3,500
1,000
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. ’ 10000
Break’g load in Ibs. per sq .in. 14,474
Co-effic’nt of elasticity in lbs.' 2,092,600 '

13| 43| 49| 4

‘donadg pun g M cwrg par

. ek | | |
* After this 8th series of readings the test-piece was allowed to rest for a period of 16 hours under the load of 100 1bs. On resuming the testing
the initial reading was found to be unchanged.




Results of repeatedly subjecting to tensile stress specimens 1 to 4 cut out of Beam XV.

Readings taken by.

Specimen.
‘ 2 3 | 4 3 | 4

2 5 et i T — Extr R > (1o« ..
Laonts i e ‘ Extensometer, Extr Extr, 3 . Rule. iLM!
| For- | re- | For-| Re For-| Re- | For- For-| Re-| For-| For- | Re- | For-| 1 For
| ward. turn . ward ward turn.| ward| ward [turn. | w:
|

100 K H $ 3 0

For
ward. | ward,

200 - ¢ 5 T . H
400

GO0

0o
000 365 600

e 694! ... 7070 720|710

00 820 wool| SOy
L600 949 ... vesluewsfea ;i RPN N 851, .
1075 . 10S6'10%6/109011130 1130(11;
1201{1201]. .. 1217 ’ 1288 985|....

[O==

102
Fotal breaking we 10240 h 11000!. .
Breaking weight in lhe Per = in L) 15.004
Co-efficient ot clasticity in s 2 b 28 5 > 2.9

2,231,




Results of repeatedly subjecting to tensile stress a specimen cut out ¢f Beam XV, Fig. 122,

| Specimen 4.
Readings taken by Extensometer

Loads e _ DS

n N = -
Ibs. ‘ Forward. | Re- | For-| Re- | For- Re- For-| Re For- *Re. For-| Re For-| Re- | For-| Re- | For-| Re- | For- Re- | For-| For-
turn, |ward turn. ward turn, ward|turn. ward turn, ward tarn, ward|turn. ward turn, ward|turn. ward turn. ward ward

Rule.

58| 58| 69 69

190| 189] 202 197
369 3611 385 ;';.-‘,; .‘“ “‘_'guli - .
1,000 ~, [ . T d . . g it |

o - s Bt e 17 46 31 459 161 |.~1 160
1,400

1,600

=
~
~
=
~
=
»n
~

20n
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Results of repeatedly subjecting to tensile stress a specimen cut out of Beam XV.  Fig. 122.—Continued.

Specinen 4.

Readings taken by Extensometer. ;
Loads T —— AE e Rule. ©
in ML . L g B e 3 S RN 7
Ibs. | Re- | For- Re- | For. Re- | For.| Re- | For-|*Re- for.| Re- | For| Re- | For-| Re- | For| For- 3
F“rwnrd. (\ll(r]l. “lﬂrl:l !L{;Il.‘\\E-"':i‘!ll;ll.l\\';lr:‘l 'Erll. “l’-::r'd (lll(;'lh ward|tarn. jward turn v . — _— F d RP }"r F”" ;
EIMEISSENOIE SRR ==~y oo s, i cvim: g o Sty S o i, Lo et [ S
8,000 =
8,500 3
9,000 =.
9,500
10,000 | g‘
10,500 S
11,000 | S
11,500 [ | &
12,000 1 S
12,500 ‘ ’ |
Total break- [ S"
ing weight } 12500/ [ i | | [ { 3
in lbs. [ - =
Break’g w'gt P l ‘ | ?
in lbs. per } 18001 | | -
8q. in. ) | | | | )
Co-efficient | | | [ | =5
of elastici- % 3,141,900 | | 3
ty in lbs. | ‘
* After this the 10th scries of readings, the test-piece was allowed to rest entirely free from load for a period of 46 hours,

esults of tension tests on sSpecimens to cu ) glas T . 2
R 1to 11 ) F
t out of Douglas ir Beam XV I
pe g I (Fig. 123 )



Results of tension tests on specimens 1 to 11 cut out of Douglas Fir Beam XVII. (Fig. 123.)

Loads
mn
ll)‘A

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 Ibs. per sq. in.
Co-etficient of
elasticity in lbs.
Time of test in 2
minutes.

Readings taken by

1 |2 7 i s |€
Extr. 2| Extr. |Z| Extr. Z
0 of .| 0
101 91 93
266 289 240
419 496 393
560 .. 680 550
708.. 880]. . 699
848, 1,073].. 854
996,. 1,271} o 1,006
BRI ] conianes " 1,159
1LIEO @ coevevie 5 1,313| 0
..... onsl W sssevose] P seiscrin] B
....... 1 9 esssess|lO
== 1T sensess|lB
z = = z
2 2 > ®
= % = Y
<3 c. 3 E
- - 2 - 2
= 2
5,500 8,150 6,500 3,200 5,180 3,000 2,920 3,000
[
1,156 11,631 8,933 4,230 7,035 4,320 4,089 ] 4,040
578,350 2,518,500 2,224,750 ,377,000 2,036,200 1,978,450 1,426,000 2,264,500
18 23 14 13 23 18 15

donady pun surg gy ‘owrg payy

O
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Results of tension tests on specimens 1 to 3 cut out of Douglas Fir Beam XIX.

Loads 1 1bs.

Readings taken by

100|

200‘

400

600/

800
1,000
1,200
1,400|
1,60()\
I,NO()l
2,000
2,200
2,500
2,600
3,000
3,500
4.000
4,500
5.000
5.500
6,000
6,500

(Fig. 124.)

795|.

ROR
1,000
1104 .

e

G

] m:]/inn(, wmpouny) fo Wﬁu:)./,)g N

«




59|
65/
70|
75|
52‘
85
90|

12,0

_ Total break-

]l:;g: weight in 11,140 12,600 10,700 5 12,480 9,500 12,300 ) 8,200
1

_ Break’g wgt.
in lbs. per sq. 15,543 17,199 14,581 16,960 14,210 16,805
in.

1,725

Co-efficient {
of elasticity in }| 2,082,700 2,407,950 2,320,950 2,451,150 2,450,600/ 2,279,3: 2,687,000 2,197,750
Time of test 18 o
in minutes. 8 g ’ 28

oonady pun aurg gy md pag




XX (Fig. 125), and of the repeated loading of other

Results of tension tests on specimens cut out of Douglas Fir Beam
specimens cut out of same Beam :—

Readings taken by

E vtensometer.
Loads in| 2 S A e L el s S . L - 6

Ibs. | 2 | . Extr, | Extr.| Extr. Exir. "
| £ ) PE——— -
Forward. | 2 2 2
& % | Forwara. | 55 | wara =
100| of 70 70 o... .eeee. ol..

200/ 220 252 243.. R . 7

400| 619, 530 641 .. 2381. . se ® rees 0 194
600/ 987 991 1,005 .. 376/, e wres] 118 324|..
1,366| 1,366| 1,385 521).. sesess| sese| 233 455|. .
: 672].. 0 22| 361 589|..
8400 .. _ eeveee| seeene 478| 721|..
1M | ~eeose eees| 603| 854|..

1,117

¥0%

‘g smbnoq woponny fo ybuanyy EUH




[#1 0z . f *sanuiw ut
, | 1 s jo awg,
[0CEOFFZ | 00S°LRL T | 098'ZLOT | 0CL1E6°1 012002 A : 11 |
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0042 00¢" 0Fs‘s ag ; s k "8q]
| ut qFem Fu
-}Baiq [®10],
000°6
|00<'s
10008

|00Z°9
10009
looL'e

<
<
&,
n
~
=
S
©
=
=
~
<
-~
=
=
<
=
=
S
-~
=
=




206 The Strength of Canadian Douglas Fir,

Results of tension tests on specimens cut out of Douglas Fir Beam XXI., and of
the repeated loiding of another specimen cut out of same Beam, (Fig. 126.)

Readings taken by
1 2 3 1

Extensometer, Rule| Extr. Rule, Extr. Rule| Extr. Rule
| |

Loads in lbs. ‘ —_—

|
5 Ite- For- | For-|
WY .
Forward, | corn, | ward, |w rd| |

100 0 91504 Waves
200 65 69].... 5 i, ..
100 212| 2 220]....| 21.... .os 349
600 91 ... 360]....] Foans 3 600
800 529/ 5 498|....
1,000 663 ...
1,200 =06
1,400
1,500 il snansd
1,600 1,09 I,ll>|
1,800 1,239{..
2,000 1,385
2,500
3,000
3,500
1,000
4,600
5,000
5,600
6,000
6,500
7,000
7,500
8,000
Total break '
ing weight in
Ibe !

prtion was pu
I-renl\ﬂg
sections.

the
Failed at a large knot.

In this test-piece

central
Failed simultaneously

ed through the head,
that its tensile stren,

exceeded

8,240 4,480

~ Brlking wgt.
in Ibs. per sq. }
in. 11,565 11,095 .... 2,485 6,157

Coetlicient of
elasticity in 1bs. § | 2,005,050 1,336,300 ,...| 916,640 923,890
. Time of (t-~(} ’
n minntes,

44 8 .o 27




Red Pine, White Pine and Spiruce.

Results of tension te

XXIIL, and

(Fig. 127.) |

|

sts on specimens cut of

of the 1epeated loading of another

207

an old Douglus Fir stringer, Beam
specimen cut out of the same Beam,

Readings taken by

' Extensometer,

Loads in Ibs.
Forwar

For-
| ward,

Re-
1 turn,

100/
‘.’00;
400|
(Hl(ii
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,."100’
6,000|
(i,:';Oll{
7,000|
7,500/
8,000/
8,500
9,000J
9,500
Total break- I
ing weight in }|
1bs ’

Br'king wgt. !
in lbs, per =q.} |
in,

Co-efficient of
elasticity in Ibs,

Time of test )
in minutes, )

12,1

231
389
539
690!
N72|

2,139,200

141
201
440
£80
730
872

79

8,800

15

17

2

1

2,199,700

0,000

L)
8,020

3,954 11,414
1,969,900

IR 1

9,340

13,169

2,190,350

14




Load=
in

b=,

Readings taken by

Results of tension tests on specimens cut out of Oid Spruce stringer, Beam LVII.

(Fig. 1

28.)

100
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 weizht 5.500
in lbs. o
Breaking weight in 7.662
Ibs. per sq. in. pETE
Co-efficient of elasti- z ‘ 1,032,050
city in Ibs. o

Time of test in minntes, 18

ol
102 109] ..
324 3171‘ .o
592 535 ..
949 818| ..
L1790 1,130] ..
1,416 1,340, 0

5,660

5,700 | 6,830
7,941 9,564 7,739

1,202,350 1,025,850/ 1,069,350
17 16 17

6,970
10,069

1,818,950

18

7,080

10,175

1,577,900

16

9,000

12,626
1,903,200
20

807

g sopbnoq wmpouny fo pbuay oy




Red Pine, White Pine and Spruce, 209

Results of tension tests on specimens cut out of Old Spruce stringer,
Beam LX. (Fig. 129.)

 —

Loads Readings taken by

n
1bs,
100
200
400
GO0
800
1,000
1,100
1,200
1,300
1,400
1,500
1,600
1,800
1,900
2,000
2 300
2,400
2,700
2,800
3,100
3,200
3,600
3,600
3,900
4,000
4,300
1,400
4,700
4,800
5,000
5,400
5,600
6,000
6,500 |k .88
Total lreaking weight in 1bs. | 8,100 5,600
Breaking weight in Ibs. per sq.in.| 11,445 10,206 8,004
Co-efficient of elasticity in 1bs. | 1,830,650 1,547,350 1,647,150
Time of test in minutes. | 22 | 31 22
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Red Pine, White Pine and Spruce, 211

Results of tension-tests on specimens eut ont of a 2 in, x 4 in. Red Pine
scantling, and also of the repeated loading of another specimen cut

out of same scantling. (Fig, 131.)

Readings taken Ly

Extr

Extr, Rule  Extr, [Extr Rule|  Extr Rule
e o | b N e L s
Ihs ot | Re- | For-! For.
turnfward ward
100 0
200 B s e
400 179, 187
600 286/. ...
00 201 401
1,000 495!....
1,200 GO0} 614
1,400 T08....
1,600 86| 837
1,00 9271,
2,000 Iunlnl»llr'-
2,200 1143 LY ] NP
2,400 125711257[1257] ©
3,000 3 [FEE 6
3,000 | v 12
0000 Leonaonist I8 1oaness | csnse I8
4500 .oean. ool 21 |osenne | 19 Jeesvanus 22
5,000 [ 28 eveennn 28
5,000 | 4 csane b b
BB snvaian ot B8 Foanraassr s 0 L b B8 Fasancsan 10
000 lovvas o) 8L Laasanamns | 39 Josvess 15
7,000 | 50
ThOU Jevoooeus| B2 |oansees | 55
B Lo 521 BT lensaeesi 60
8,600 69
9,000 | cesesae]| T4

Total brk’,

ight }

inlbs. ... 9,000 0,280 9,500
Breaking \\uuhl |

Ihs. per &q.in.... f| 12,689 12,775 14,372

Co-efficient 1n (~|u~ |

ticity in lbs.... s 2,27 n 850 2,654,150 2,247,350
Time of test in mins, 20 40




212 The Strength of Canadian Douglas Fir,

Results of testing specimens cut out of White Pine Beaw, and of repeatedly loading
other specimens cut out of same Beam. (Fig. 131a.)

Specimen.
ko | Measurements taken b)
3 7 E .
R
‘ Ixtr, Extensometer,
241 213H| 268| 278 278 288 288| 298 298
569 .';r".’\ :'m(ti 603| 600 613 610| 629 622
| b 899 .. | sone] o sovel swas ....‘ seee| ses
1,400/ 1,082 1,069] 1,069| 1,083 1,083| 1,096/ 1,096/ 1,109! 1,109/ 1,
1,600 1,209 11,28
1,.~(m;
| |
@ |
Total break- ) 8,260 7.4.0

ing load in Ibs, § |

| Break'g qunl'

i in lbs, per sq.} 12,252 II,IBM
d

] . ‘ i |

) Corefficient of ) =

{3 elasticity in Ibs. § | 1,835, I«m 1,799, ln()

!

i




Red Pine, White Pine and Spruce.

Results of testing specimens cut out of White Pine Beam, and of repeatedly loading
other specimens cut out of same Beam,

(
Specimen,

213

Fig. 131a).—Continued,

Measurements taken by

Extensometer,

8470

| 1,390, 0|
‘

8,600
12,969 11,561 | 10,347 8,503 11,981

|
1,729,400, 1,654,500 | 1,614,000{ 1,728,350 1,741,400

7,440

0| sone b o] sevs 0 BN i sans

86 B0l vove| vore] wue| vuir|es 80 T [ S 91
253 220 233 233 239 239/.. 249 336) 336 236 | 255
419 B Lo eul vouo]l emel wamelisl 420 77! N 410
581| 550 564 563 671 566)..| 581 752| 745/ 748 | 572
749 T1B| vene] voue] seool oenlon] 739| 918| ....| veo. 733
912| 11 e (s (N0UGl Bvei 911 1,156| 1,156/ 1,158 894
1,076/ 1,045| 1,045/ 1,051 1,051| 1,055/ . BT (AR I i 1,055
1,238| 1,223|..| 1,283 This specimen fail-

ed at two sections sime
ultaneously.

6,000




Results of repeatedly loading specimens 2, 8 and 9 cut out of White Pine Beam XLVIIL (Fig.1314.)

Specimen. ~

R e R s
| Measurements taken by Extensometer ;

. Ty -9 ' < -

100| RS 0 :\

200 o N RO S

400 265 274 274 274, 2 256 ~

600 SN isai] cise] svenl 5 s

800 583 603 591 605 570 g

1,000 749 ... . . 2

1,200 -1 (RESE) [ e it [Pend= (Mg Bhbadll Boograd g 3 &

1,400 1,078 1,075/ 1,079 1,079 7/ 1,027] 1,030] 1,030 1,034 1,098 1,102 1,102 1,150 1,150/ 1,158| 1,158{1,162 =

| - RS eos|1.492 o

T s s

Total break- ) I
ing load in Ibs. G888 ....] ooio =
Break’g load | =
in 1bs per &q in. | 7 R [ . 14,27 .
~

‘

Co-efficient of | |
elasticityin lbs ) | 1,676,200) .... ....

1,757,250

. Specimens 2 and 8 failed at two sections simultaneously. Specimen 8, after the reading indicated by a *, was allowed to rest under the
minimum load of 400 Ibs. for an interval of 2§ hours. When the loading was resumed the reading was .00324 in




2 and 3 eut

Results of testiug speeimens 1 and 2 cut out of Red Pine Beam XX XI.and of repeatedly loading specimens

out of same Beam. (Fig. 1211.)

Measurements taken by Extensometer.

9

100
200
400| 21 293| 3 ¢ 290 E
600| 349 [ 3L 489 ....| ¢ Sadml. 0D ee.o seen] wes ees! oes
800 664 9; ! 659 B e 5 3350 351 547 561
1,000/ b 5 5 & 887
1,200 Ny ) 1,087
1,460
1,600/
1,800
Total break- |
ing weight in} J 6,928 7,910 B2 ioo| canef civef wens 6,790
lbsé . |
reak’z wgt.
in lbs. per sq.
n.

etesoefficientof | | 1 g4, 500(1,421,900] 1,237,500, 2,158,800 1,452,200

20

‘ M coee| soes| cocef| ooe - wes oz [ won coo] cose
327 6 207 277 IR0l 230

wrnadg pun swrg DAL g poy

9,508

S,000

}’ 11,825 9,378 1(»,\-9‘,‘

1,953,100




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 sketehes 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 cffect chiefly duc to bending. The
clamping, again, introduced a compression, which rendered it impossible
to obtain the true shearing stress,

H

’.:B
c i

After a number of experiments, more satisfactory and reliable results
were obtained by preparing test-picces 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. T'he shearing strengths, which are of importance, are
the resistances along plines tangential and radial to the annual rings.
An cxamination of the test-pieces shows that the shears are invariably
along these plancs,

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 planes 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 earried out
with test-pieces and holders of the form described :—




Red Pine, White Pine and Spruce,
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TABLE OF THE TANGENTIAL, RADIAL AND COMPOUND SHEARING
STRENGTHS OF DOUGLAS FIR SPECIMENS CUT OUT OF THE SAME

Specimen.

No.
No.
No,
No.
No.
No, 11,

TABLE

OF THE COMPOUND

|

|Shearing stress
|per sq. in. i
direction at
Specimen |right angles to/ Specimen.
annual
rings.

Cumpound

shears,

No.
No,
No.
No.
No.
No.

DT W

Specimen,

No.
No.
No.
No.

Shearing  strength
per square inch.

802 lbs,

“
“
““
“
6

“

560
484
544
480
436
480

SHEARING STRENGIHS OF
AND RED PINE SPECIMENS,

471
536
629
657

DOUGLAS FIR

Specimen,

No.
No.
No.
No.
No.
No.

—

Ot D

Shearing strength
| per square inch.

648 1bs.

Not being altogether satisfied with these results, as the test-picces
did not seem to be of sufficient siz: to give results which could be con-
sidered of star.dard practical value, new lolders, with spherical seats,
were designed, and are shown in Fig, F.

With these holders, tests can now be made upon specimens in whieh
the shearing surface has a width of 8 ins. and a depth limited by the
tensile sirength of the timber, the maximum shearing arca being 96 sq,

inches,

The web of the specimens is usually about .7 in, in thickness,

80 thut the depth should not exceed .35 '/, # being the tensile and s the

shearing strengths in bs, per #q. in, The depth of the shoulder form-




The Strength of Cunadian Douglas Fir,

ing the bearing for the pressare required to produce the shear is about

% inch, snd is made of only sufficient seetional area to resist failure
by compression, as the deeper the shoulder the greater will be the

bending action introduced.

From the tables giving the results of the shearing experiments, the
following inferences may be drawn :

a. The shearing strength of the 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 cubie foot.
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¢. The shearing strength increases with the density of the annual
rings, or rather with the proportion of hard to soft fibre,

d. A failure sometimes oceurs, 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
oceupicd preciscly similar positions relatively to the heart in the stick
from which they werceut, One of these specimens failed under a shear of
470.24 1bs, per sq, in., and the other under a shear of 301.84 Ibs, per sq.
in., 50 that the shearing strength of the latter was more than 33 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 secms to be cither that one of the
specimens might have been drier than the other, and was therefore
deficient in the element of water, or that the shoulders of the weaker
specimen, at the end at which the failure occurred, were not cut very
parallel with cach 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
Douglis Fir in 1bs. per square inch is 411.61, 377.14 or 403.605
according as the plune of shear is tangential, at right angles, or oblique
to the annual rings,

lu praetice, therefore, it will be safe to adopt as the average co-cffi-
cients ol shearing strength for Douglas Fir, 400 Ibs, per sq. inch for
shears tangential and oblique to the anuual rings, and 375 Ibs, per
s. 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 corrcspond to the nuwbers in the diagrammatic see-
tions, aud indicate the position in the stick from which the specimens

are taken.  The letter H designates a specimen taken from the leart,

B R L X5t T e et i it T i T L A e i

s

e



19,760

Av
17,970

Tangential.

Total.

13,530 (1)
16,610 (1)
16,170 (1)
16,200 (5)
17,210 (1)
16,440 (1)
Average
19,380 (2)
15,868 (2)
16,660 (2)

(L
)

DOUGLAS FIR.

Radial.

VOblique.

Table of shearing strengths in 1bs. of specimens cut out of various Beams.

Total.

Per sq. in.

20,020 (4)

""" Average

14,450 (1) |

Average
21,300 (2)
21,300 (2)
16,160 (2)
17,100 (2)

Average
17,886 (1)
16,980 (2)

14,954 (2)

(¢3]
1Z [¢))
13, (2)
14,610 (2)
Average

=

Total.
16,760 (2)
17,120 (2)
14,720 (3)
17,820 (3)
15,820 (2)
17,630 (3)
19,570 (3)

Average
16,156 (3)

19,430% (1)

12,424% (1)

21,504 (4)

24,880 (4)
23,760 (4)

Average
20,360 (1)

21,500

(1)

401-
412-
393+
428-
372-

360 6
367-9
= 455°
394-5:

476+
301-
436-3
511-
486

02g

’Av. w'ght in lbs-

‘g sopbnoq wvypvuny Jfo yibusnyg oy
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Total.

Tangential.
Beam. Total. | Per £q. in.
XV ......] 19,280 (3) 477-60
(Fig. 136.) 17,176 (3) 423-00
) 16,170 (4) 420-00
16,926 (4) 437-40
Average | = 439-50

XVIII. ..
(Fig. 131.)

XIX .....
(Fig. 138.)

XX coeee
(Fig. 140.)

15,272 (14)

446-55

16,040 (6)
20,390 (T)
18,470 (13)
14,650 (13)
19,580 (13)
18,865 (7)
20,760 (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

409+
29+

| 4408

| = 404-90
3685
4450
360-4
451-1

= 4070
350
3078
394~

= 350-60

15,260 (1)
14,165 (1)
17,914 (2)
16,050 (2)
Average

14,590 (7)
15,700 (4)
15,200 (5)

14,270 (1)
17,630 (4)
19,040 (4)

Average
| 16,840 (1)

14,900 (3)
‘ 16,560 (3)

| Average

Radial. Oblique. Av.w'ghtin lbs
‘ Per =q. in. Total. Per eq.in. || Per cub. ft.
{
369-49 SERPRSESRHE S 36-73
401-50 .
431-56
387-31
| = 39746 ‘
. .o 15,495 (7) | 359
15600 (8) | 4119
13,120 (9) | 447
14,840 (12) | 482-5
12,595 (13) 402-
17,180 (11) |  380-
12,500 (3) 289-7
11,525 (9) | 347-2
19,420 (10) 382-1
Average | = 400°15
3157 14,470 (5) 393-2 38-4
3889 20,830 (8) .
411-8 17,200 (9)
414°6 13,860 (5)
418-5 15,500 (6)
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Average

N. B.—I wish to express my acknowledgment of the help given to me by
Mr. C. B. S8mith, Ma.E., in carrying out many of the experiments and in
checking the calenlations. T 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.

14,000 (12)

(11)




CORRESPONDENCE.

Prof. J. B. Johnson, M.Am.Soc. C.E., Professor of Civil Engincering It 4. B.
Washington University, St. Louis, Mo., in charge U. 8. Timber
Tests, said :—

While the writer desires to commend heartily the objeets of the -
vestigation hiere deseribed, and to express his sense of the need of fur-
ther studies of this kind, he is obliged to take exceptions to the wicthods
and results herein reported in the following particulars,

1. The eentral load upon the beams was conveyed through a hard wood
cylindrieal bearing, having a ten inch radius, This offered o small a
bearing surface to the timber, that in sowe instances it crushed bodily
into the besm which was under test to a depth of two inches. Of
course in practice no timber bean would ever be subject to so great a o il
concentration of load as this, and it is therefore entirely unfair to so ! ‘
apply the load in making the test.  In all tests of timber beams, the i
central bearing should be 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,

ez

In the opinion of the writer, the abusive action of the central bearing |
used in these tests las to a large degree vitiated the results, and it is
impossible now to determine what the normal strenzth of the beam was
from the results obtained. It would seem that neither of the methods g 1
of computatim offered by the writer of the paper has any great proba-
bility of being correet.

2. A very much more serious ohjection to these experiments is the
Juilure to malke gny determination of the percentage of moisturein the }
beam at the time the tests were made.  As a result of some fifty thou- ]
sand tests on timber which the writer has made for the United States 4
Government, reports of which are published by the Forestry Division i3
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 increasc of strength, that on the
average it may be said that thoroughly seasoned timber is fully twice

.
1
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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 are 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 mnde of every kind, by cut-
ting from the stick an entire cross-section about cne-fourth of an inch
thick from the vicinity of failure, weighing this disk immediately, then
drying it at a temperature of 2129 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, 8. tests as 15 per cent. 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 nbout 15,  All these facts appear fully in
the publications of the U. 8. Agricultural Department on this subject,
where the curves of variation of strength with wmoistare arve all given.
As these results have been before the American public since July, 1893,
it would sem that no 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 we are 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 earried out by the U. 8. Forestry Depart-
ment,

Wherever in the results here deseribed the specimen had been tho-
roughly scasoncd, as is the case in several instances, it may be 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 timbers should
be expected to have a strength nearly twice as wuch as they them-
selves would have had if they had been tested green,
Although the bulletins of the U, 8. Forestry Division hitherto
published on this subject have been entircly 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
(Palustris), Short leaf (Echinata), Loblolly (Taeda), and Cubun (Cu-
bensis) Pine. Application for this publication should be made to the
Secretary of Agriculture, Washington, D.C.
Mr. A. L. Johnson, of Washington, D.C. said : Mr. A L.
Of Mr. Bovey's excellent paper, the most novel and intcresting por""
tion, to the writer, is the chapter on

TENSION TESTS WITH REPEATED LOADINGS,

He here enters the unoccupied field of * Fatigue of Timber,” and
the experiments made are interesting and valuable, One of the first
things to be noticed, on careful exum 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 follows the external load,
the action being a dynamic onc.

Consequently the extensions are all too small for the recorded load
on the * forward " series, and too large on the *‘ return ” series. Asa
resalt 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.

Henee, 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 differential of extension, therefore, afier 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
for a comparatively short time,

For heavy loads or long time, the modulus of clasticity secms to be
injured.

Also, after a period of rest entirely frec from load (sce test on Beam
XV, No. 4),the modulus of elasticity seems to be considerably in-
creased,

Very similar, in fact, to muscular action,

To sum up, then, we may say :

1. That successive loadings, not exceeding 20 per cent. of ultimat
strength, do in no wise permanently injure the muterial. Thouzh
gome set is given it, this scems to disappear when left entirely free
from load,

2. When a small load is Jeft on for some time, the modulus of elasti-
city seems to be diminished,

3. That a period of rest, free from load, greatly assists in 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 serics,
also, should include a discussion of the effect of these on the ultimate
strength of the piece.

This, of eourse, will have to be done on separate picees of compara-
ble material, testing, for cxample, 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 clasticity as determined from
direct tension tests is 23 per cent. higher than indicated by the beams
on the cross-bending tests,

This is interesting, if'a correet 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 ata 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, as he himself says, “a very small crror in estimating the
depth of a beam muy lead to a considerable error in the caleulated skin
stress”, citing spruce beam No, L as an examyle, in which case it
made a difference of 22.8 per cent. He concludes to caleulate this
factor with the original height of beam, and of course gets results very
low, but ** on the safe side”,

The beams are nearly all too deep for their Iangth, and 1s a result
wany of them have sheared, Tn fuct, on examination of table on page
18, taking only the *“ New Timber ", we find that out of 19 beaws tested,
9 sheared and 1 failed in a knot. That is to say, what is given
as the maximum skin stress is for 50 per cent. of these beams, not the
modulus of rupture, but much less, Therefore, considering that each
individual value of tis function is (due to erushing 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. are again considersbly too small
(since full <kin strength was not developed), it is quite likely the mean
given by Mr. Bovey is “on the safe side ”! Besides, many of these
beams had soaked in water—some in salt, and some in fresh— from 6 10
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 tuke means from such indiseriminate material is misleading. To.

clasify and give means for cach is impossible sinee too little data is left
in cach,

The above story is repeated in the

CRUSHING ENDWISE TESTS,

Out of 169 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 are used to tell you that
knots, cross-graining, and scason checks are a source of weakness,

Of the remaining 28 per cent. of all sorts and conditions of picces,
having nothing in common but spccies, the mean tells nothing, except
that, if you take the above number of pieces of the above number and
kind of conditions, the mecan thereof will approximate the mean here
given,

The question may well be asked, “What is the object of these
tests ?

. e e
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Is it simply to determinc factors of strength for safe design ?

If s0, all that is necessary is to get a lot of poor, knotty, cross-grained
stuff together and test it.

Or is it to determine factors of strength for economic design ?

If this is the objeet, 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 uscs, 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 ficld of timber testing, or any kind of testing, and
anything short of it—exeept to solve a specific problem for one specific
purpose—is hardly worth while attempting,

SHEARING,

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 comparable.  The pieces occupy
different portions of the cross-section of log from which they are cut,
and 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 per cent. 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. R. B. Fernow, of Division of Forestry, Washingtoun, D, C.

I have justfinished reading—nay, studying—your most intercsting and
valuable paper on the Strength of Douglas Fir, cte., having spent over
five holy hours in scquainting mysclf 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 bcing
called upon to discuss it, refrained from doing so at length, only
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expressing my doubt whether the generalisations were justifiable on
aceount of several deficiencies which appeared to me to exi-tas I hoard
the paper.

Now, after careful reading, T am confirmed in my doubts, although

I fully appreciate 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 surrounding any one test is worth more thun
the uveraging 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 most essential for a true interpretation of the results,

My criticisms then, if you care to have them, will take the form of
aseries of regrets, 1 regret then :

1. In general that so much empiricism still attiches to the series,
that the tests are trials rather than experiments in which all the con
ditions that may have an influence on the result are taken cognisance

ofy orin part prepared or eliminated.  The material under test, although
an attempt is made to deseribe it, yet is only very partially deseribed.

2. That no distinction of heart or sap, or the proportions of each in
the test, piece, is given,

3. That the relative moisture corditions of the test picces is left (o
conjecture, although it is a well-established fact that small differences
of moisture at certain stages of scasoning give differences in strength
of thousands of poun’s.

In some places, notubly on p. 81 (beawm XXI) and on p, 107 (tension
picees from beam X), it would appear as if a greater degree of seasonin:
was consid red an clement of weakness instead of the reverse, This
favourable effect of seasoning scems 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 velating strength to mass, lose this value.

4. That so many of the beams were designed so as not to develop
their true transverse strength, failing in shearing,  Of the Douglas Fir
beams, more than 50 per cent, were thus at fault,

To cvaluate 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 are kept separate, and are to refer only to
r

P
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beams designed to shear (designed for rigidity mainly), which scems in

Douglas Spruce to take place invariably, when the ratio of height to
length exceeds [ 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 the
assertion, Very frequently, as we have found, the grain appears straight
und yet s spiral, and this can only be made sure of by splitting

6. That so much of the material used for compiession tests was
defective (of the Douglas Spruce 72 per cent.), so that the compression
value ean 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 cffective 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 sccms 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 summerwood in the ring or rather per square inch
ix probubly 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.

Mc,e interesting to me, and without any flaw, as far as I can see,
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 even 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 8o is most useful.
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Agzain let me eongratulate you on this interesting contribution, which,
although T have taken the liberty of pointing 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 Lty

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 be a valuable standard for refercnce 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 I 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 eohesion
of the fibres in the dircetion 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 requirements, or whether youn
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
prineiple 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 vot 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, Charnock 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 be less bothered
by the compression at the centre of the beam, and I shall feel very
|v1(':ll~'v(l if_\illl approve this design so as to :ulll]l 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 aceessible,
I shall be greatly intevested, 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 absoluwe
equality in the end loads

Referving to your compression tests, I am greatly interested to see
that you got the same resistance from a strut 20 diameters long us
could be got from a short picee.—I suppose a simple cube,

Referring to the tension tests, I very much admire the smooth taper

ends working within smooth wodge elips.  This scems to me by far

the best holding that has as yet been devised for wood.,

I am aulso lllv:w'tl to sce the spec d at which you made these tests s
half an hour is not a long time for testing such a large picee and taking
g0 many aceurate observations, It implies that you have got the whole
apparatus in first rate working order.

Mr. James E. Howard, Watertowr: Arsenal, Mass, :

Prof. Bovey has presented a very important paper on the strength
of timber, and from its comprehensive character it possesses unusual
interest,

In the case of timber, it is perlaps more difficult to judge of the
strength of full sized mcmbers from the tests of smaller samples than
with iron and steel, hence the transverse tests of the beams prescated
claim special attention,

The uniformity in strength found in small and earefully selected
sticks can hardly represent the condition of beams of commercial sizes
It is believed furthermore that failures by longitudinal shearing oceur
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 toa point near the breaking point without being seriously
“injured,” und further remarks, while referring to structures that have
been heavily loaded, * whether it is advisable so to strain timber is
“ another question.”

Questions of this nature are indeed very difficult to answer satisfac-
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torily, and yet they scem to belong to that elass of information most
needed for practical wse. 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 fibre stresses hardly exceed one-third the clastic
limit of the metal, as that limit is commonly ascertained and defined by
tensile tests,

Furthermore, matevial which, under direet tensile stress once applied,
will develop 25 per cent. clongation 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 hygrometric character of wood, whereby in its unprotected con-
dition it is continually changing its dimensions as it follows atmosplieric
changes, introduced an element of uncertainty, and might £ supposed
to assist the material in reaching its limit of rupture,

Owing to the absence of striet uniformity of timber in different parts
of its cross scetional area, difficulty may often be experienced in sceuring
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 cquivocal
state,

It appears that the compression tests submitted by the author consist
of results obtained with small pieces, but 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 Arscnal 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 area 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 Ibs, 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
]rrn;l'r.\\w].

There was a test made of a sample of white pine after it had been
subjected in an hydrostatie eylinder to a pressure of about 90,000 Ibs.
per sq. in.

The water freely circulated through the wood, and the only visible
effect of this enormous pressure was a slight swelling, which was appa-
vently due to the absorption of water.

The compressive strength of this sample shewed no waterial change
from the strength of a duplicate sample tested for comparison,

Tensile tests made at Watertown Arsenal have been upon specimens
prepared with couical ends, The preparation of such turncd specimens
is expeditiously done, and no difficulty is experienced in shearing along
the grain.

In making shearing tests, as pointed out by the author, difficultics
are encountered in developing results uninfluenced by the form of the
specimen cmployed.

It was thought that fairly reliable results were obtained with speei-
mens prepared in the form of a Greek cross, shearing simultancously
two surfaces but rising surfaces of limited area,

Shearing along one surface would be preferred, other conditions bring
equal,

Prof. Bovey, in making a brief reply to the various eriticisms which
have been passed upon his Paper, begs to thank those who have
50 kindly taken such un interest in the watter 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 oecasioned at
the bearing. Unfortunately the supposition is entirely due to a wis-
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
are 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 } in. and the cal-
culated maximum skin stress was 6,260 lbs. per square inch. Now,
disregarding the compression, the skin stress in the case of Beam LV
was 4,849 Ibs. per square inch, and 4,614 Ibs. per squarc inch in the case
of Beam LVT, showing a very large difference between the skin stress
of thesc two portions and the skin stress of the wain beam, But the
reason is not far to seck.  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 1bs, and
5,806 Ibs. per square inch, showing a very small difference indeed from
the stress of the muin beam. These results sufficiently prove that when
the amount of the compression is taken into aceount, 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 solation
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 eriticisms 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 effeet 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 preparcd to aceept the
statements made respeeting the comparative strengths of dry and moist
timber, Further, the drying of a slab at 2122 F. cut from the end of
a timber will certainly not give the average weight of the whole timber,
or the pereentage of moisture present in the timber. Even in the sume
section the weight per cabic 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 XITL.  The seetion of this timber was
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divided into three equal parts, and they were thoroughly dried at 212°
F. for 88 hours,

Before drying :

The portion nearest the heart weighed 30.208 Ibs. per cubie foot.

The portion farthest from the heart weighed 36.492 lbs, per cubic
foot.

And the intermediate portion weighed 28.512 Ibs, 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 Ibs, per cubic
foot,

The intermediate portion weighed 27.028 lbs. per cubie fooc.

The average weight for the whole section was 31,445 lbs. per cubic
foot before drying and 30,103 bs. per cubie 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 bridges, the tim-
ber is taken to the site straight from the will and is never kiln-dried,
Thus the only strength upon which the engincer can depend is the
strength as it leaves che mill, when there is usually # large 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 picees failed at knots, although the timbers were of first class quality.
The auther is not aware that the finding of oceasional knots in first
class timber is at all unusual, and the results certainly justify his
statements,
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Paper No, 102,
CEMENT TESTING.
By Cecin B. Smimu, Ma. E.,, A M, Cax, Son.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 continuc to disagree, the
presumption is, that there is either a lack of agreemeat as to the basis
on which the investigations are made, or else a failure, up to the present,
to solve all the intricate mazes of the problem, orindeed 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 possible, 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 anlstudent tests (chiefly
commercial and private).

Many results have been discarded as being inaceurate, and only
those are recorded here which are believel to be very elose to the truth,
much closer than is ordinarily obtained.
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These results have been classified according to country of manufac- .
ture, 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 = 3055

The average of all Portlands (16) = 3-09.

It would seem advisable, therefore, to specify aminimum for Port-
lands of 310,

The samples were not dried or prepared in any way ; if they were
dried for 15 minutes, according to English practice, it is probable they
would go somewhat higher,

It will be noticed that the only two Portlands ( ? ) whose specifie
gravitics were low (Belgians Nos, 16 and 17) were both poor cements,
One, No. 16, sets slowly, and the briquettes made for 4 weelk tests, and
immersed in water after 24 hours, were found sloughed down in the tanks,

and had evidently ran and set over again!  They would not give any
test to S ak of, Ev illvlt(l‘\ the Il)‘l!ulll ¢ property, in 24 hours, was not
enough to hold them togzether, while the other one (NH. 17) failed in the
blowing test, Altogether, it is doubtful whether these cements are Port-
lands or naturals, although sold as the former, owing to their colouy
being .
It will be noticed, with satisfaction, that Canadian Portlands stand
at the top in specifie gravity, judging by the samples tested, which were,
however, all reeeived from manufacturers,

The spe ific !I';l\'i(_\' of natural cements might be |||:l\‘-"l at 2°95,
although it is not so likely to be under-run, owing to the ease with
which this can be obtained,

(h) Water /'('41/1/1'.:/./':»1' standard consistency.

This is considered, by many, to be very important ; but many tests
have demonstrated to the writer that what is especially necded is that
there shall be sufficient to make good briqucttes; to err, say, 1 per
cent, in adding water is fatal if too little, while if too much, it does not
scem to uffect the strength of briquettes at one weck, certainly not at
4 weeks, This is contrary to statements often made regarding the
inereased 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 erack in drying, but will seriously affeet the early strength,




TABLE I.—STANDARD CEMENT TESTS
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TABLE IL.—STANDARD CEMENT TESTS.—Continued.

Tensile Strength.

Compressive Strength. Setting Quality.
Neat. 1tol 3to1, Neat 1tol 3tol. | How determined. How defined.
|
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year later.
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| [
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0Fe

Bunsag, juawa)




| 5 X Rate of loadi Time in ai No. of t 21 _— e Veari 4
i Kind of sand used. | How put in Moulds. in l.en(:\ile‘ l/es'ln!F hefore lrlnll:\‘e::i—nus, ‘(’u:.\::::g‘::. I'ime of Mixing. :}:ﬁ'ﬁ:ﬁ 'J\‘:l.l:r‘l‘i::
| | a B N R N \77 T a
Standard crushed| . 2
! 3 1 min. for quick
quarts (o PO 10 . per g v WOToper |y | Sl et 2 mibues
1c.u ht on No. 30/Steady pressure, minute. ) 5 ¥ for sluw setting, me-
iaiewg - |chanical mixer.
‘ I |
i [
10 lbs. on briquette| ‘ Mr. Mann_
for3 min., or shaken| . 1 week 57) 2 &
ditto i mouida o bentes] 00 1bs; per 24 hrs. 1 minute or more, Lmo. 823
Wik ‘tzowel e 1] minute. mechanical mixer. 3 mos. 98 ) 5=
b g | Fineness has
‘ great effect.
) Pressed in with _ .5 | 1 minuteor more, |
ditto trowel without ram-| ditto 24 hrs. Smallest  hand or mechanical
ming. section only. mixing.
| ltoland 2t |
| . 0 1 anc o .
qus‘:'_“:d;‘g (;;!::hzc‘;l Bohmes' appara- 1 minute  for| give higher ".ﬁdvmede(g be
clughl'on 30. 3 o] 150 blows withi 13 lbe. per R 10 |quick setting, 3 min [results than neat| " Fepas ?;'
30 cnu.ht on(tTP hammer weigh- minute. for slow settingfor 3 tol tough‘r"m "me:t‘;’u“ 4
meve's g ing 4.4 lbs. cements. at 7 days as a0 Ve made on
X 20 days. ground glass.
Filled in and

Crushed  Cher-
bourg quartz pass
No. 20 caught on
No. 30 sieves.

tamped with ram-
mer weighing 7 oz.
till water stands on
surface.

Not specifield.

24 hrs. then in|
sea water of 59°
to 64° F.

| highest taken.

6

5 minutes by hand
Mean of 3 1

on a slab, temp. of|
air 59° to 64° F.

| highest taken.

10
Mean of 6

0

Ty AU

‘b

824




242 Cement Testing.

A very peculiar effect was met with in two Canadian and one English
Portlands, They were cvidently 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 thisamount of water made the set very slow, and dead-
ened the indurating action in 1 vieek tests.

When tests were made, several wecks later, on these cements, this
effect had disappeared ; perhaps someone conneoted with the industry
can explain the cause of this action,

(¢) Residues or Fineness,

The variation is enormous, as the following statement shows :—

Reswiue on No. Residue on No. Residue on No.
50 Sieve 80 Sieve, 120 Sieve.
Coarsest 31+ P . T o
Finest 025 217 67

|

The English Portlands are gencrally very coarse, as will be seen, and
the selected Canadiar i os fine,

It is not putting it «0 severely to say that specifying a certain residue
on No, 50 sicve is a uiveet 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, are all evidently ground to pass a specification of 5
per cent. residue on No. 50 sieve, and are all very coarse when sifted
on finer ones, thus plainly showing the failare of the specification to
obtiin asgood a protuct as possible,

'T'he author would urge th» severest requirements for fineness,

Various papers read and the statements of manufacturers themselves
2o 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
20 per cent. residue on No, 120 sieve

high “or present facilitics 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. Thereare
signs, however, that the English manufacturers are waking up to finer

} as maximums are not too
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grinding, and will soon fall into line; there isno reason why cducating
influcnces should not bring urinding down much finer still for ordinary
brands, but for the present, too much severity would defeat the object
in view.  For tests on the effect of fine grinding, sec Series I of Ex-
periments,)

(d) The time of incipient and final set, as found by Gilmore's
needles, does not scem to affect the strength, except for very short tests,
When the slow settings are generally stronger, good cements may be
cither 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 sized batches of mortar, without constant tzmpering, which is the
practice with quick setting ones, much to their own hurt.

(e) The blowing test advised by Faija, has deteeted a * blowey"
tendeney in scveral instances ; but much late evidence secm to throw
somie discredit on blowing tests, whether mide with hot or boiling water,
on the ground that manuficturers 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 after the cement had been burnt, If this is a fact, chemieal
analysis will need to be resorted to more frequently, to deteet this dan-
gerous adulteration which is fatal in sea-water and bad in any case, a8
the wreat 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 scem
to be 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 cementjng qualities, That this view is in fault, and misleading, every
tester will admit, and it isonly partly avoiding the difficulty to specify
a certain fineness, strength and spacific 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 themajority for some time to come—it would
seem that 350 Ibs. at 1 week neat and 450 1bs. at 4 weeks neat are easily
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obtained, and quite envugh to speeify, 11 brands tested would give this
much strengh and stand the blowing test, and of these there are 6 brands
fine enough for 10 p.c. residue on 80 sieve and 20 p.c. residue on 120
sieve, with a specifie gravity varying from 308 to 313, while the six
brands which are not strong enough are also too course,

The tests on natural ecments are not extensive enough to form a good
basis, but it would secm easy to get 100 lbs, neat at 1 week and 200 Ibs,
neat at 4 weeks, and a fineness the same as for Portlands,

The testson No. 2 natural :nd No. 11 Portland were carried on for
6 months, and *how the natural to be gainingon the Portland, althongh
cach has evidently nearly reached a maximum. This would seem to bear
out the idea which many 'people yet have, that, in time, 8 natural
cement not being so brittle will cateh up to a Portland. Long time test«
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, aceording to tests made last year as per Table IT, in which
the wixtures were nade with 15 pee. of water for 1 to 1, and 12 p.c.
of water for 3 to1 mixtures, the mortars being lightly tamped into the
mould with an iron rammer ; the tests made this year, however, hy
means of a uniform pressure, give much higher results for 1 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' immersed in water for 1 weck or 4 wecks,
it will give low tensile tests. That terror of the present day, the test-
ing machine, condemns it.

Now there are many oceasions where it would not be wise to use any-
thing but the best Portlands—such us laying wortar in extreme frost,
or wheregreat 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 ard Canada previous to 30 years
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ago, are built with such mortars, and stand as witnesses of their last-
ing qualities,

Morcover, tests made on No. 1 natural cement (sce Series T frost
tests) show that while it cannot be immediately exposed to extreme
cold, yet when it is esposed, after it has set, it will resist frost
thoroughly, and become stronger than if immersed in water at an ordi-
nary temperature. There are thousinds of situations, where natural

“cement mortar, 1 cement, 2 sand, will be found amply strong for the
purposes required, in which case it will be found cheaper than Portland
mortar, 1 cement, 3 sand. Referring ahead to Series ITI (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 oo
land, culverts, cte., then tests made in open air will give results more
favourable to naturals, Inso many words our standard tests say : * Let
us test all hydraulic cements under water ; whether the mortar as used
will be so or not, we will beon the sife side.” This, as a generality,
is doubtless best | but if we consider whata large proportion of cement
isused insitu: ons usvally not submerged, it would scem more rational
to test ceno o« 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 IT)
were made by tamping the mortar lightly into the moulds with an
iron rammer weighing about § Ib. and § inch square section,

This has been done in as nearly a uniform manner us possible. About 3
layers were tamped, and then a 4th layer smoothed off with a spatula.
Every ffort was dirceted towarl uniformity in metho 1, 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 not enable any to be made with results obtained elsewhere,

The Cement Committee of the Socicty (of which the writer was made
a member, by invitation) advised that tests should be made under a pres-
sure of 10 Ibs. per sq.inch. It wasnot defined at the time whether this
applicd to sand tests only or to ncattests also ; but the neccssity for pres-
sure isuot o great in neat tests, 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, modifizd 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 Ibs. per sq. inch, make bri-
quettes ; but theory and practice must be fellow-labourers. Now, 12 p.c.
of water is considered the correct thing in 3 to 1 mixtures, but with
this amount, the wmortar would not pack at all in a closed would under
80 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 thercby determine the best per cent. for making a
good briquette.

These series (see Table ITT) ran from 15 p.c. to 25 p.c. of water,
and were for 10 lbs, and 20 Ibs. pressure per sq, in, for 1 week and 4
weeks, and each result tabulated is the average of § briquettes, and
the whole table the result of 77 experiments, or 385 briquettes,

The result, to the author's mind, is definite, 20 p.c. 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, Tt 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 making sand briquettes is by some severe ham-
mering process (e.g. German) is still close to the amount used in
practice.

What we want, it scems, is, first of all, a uniform method capable of
application in any partof the Dominion; after that we want it to
approach as nearly as possible to actual usage, and fortunately the two
conditions are in harmony with each other, Even at the risk of repe-
tition, it is worth saying again, that plastic mortar made with 20 p.c.
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 sq. inch gives
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TABLE III.
TESTED IN TENSION., PRESSURE SAND TESTS.
B P ‘—l :w?téu, 1 air, 6 w:ter : e - ;; week l;sh 1 air, 27 water.
e mlelian )
Mix- | % of | sure Ibs. per sq. in. we [SE:| &z s Ibs. per sq. in.  |Weig't| %
Brand ture. | water.| per when | =S5 | 2.2 5:‘ — ———| when
sq. in§ High-| Low- |Aver- | tested 2 el 58 '§_3 High-| Low- |Aver- | tested|
est. | est. | age. | in oz. ; 3| o2 28] est. | est. | age. |in oz. | .
—— e e | d«
No. 2ftto1| 15 | 10 | 45| 23| 323|4a-58/3-98 | 12-63 410- J | 89 a-6e| 101 | 13-09] 7959
173 10 165 106 | 136 | 5-26 | 484 | T+98/1085-: 205 232} 532 4-95 70316837 s
20 10 130 941117 | 5-66( 508 | B-62/1008- 292 239 2654| 5°52| 5-17 6 34/1683-2 iy
22} 10 123 106 | 113}| 5-54| 4-99 | 9'8(’*“24 258 200 ¥85 | 549! 5 12 | 6-74/1583-9 :
I — - (N _ 2SO S ) I o 3
No. 21to1| 15 | 20 | 47| 42| 433/4a-79] 405 | 15-52] 6751 i 10 | 84/4:99|4-22 154012936 =
173 | 20 | 144 | 111 | 1263 5-37| 4-92 | 8-38/1060- 160 | 1761 5-27 | 4-83 | 83514737 =
20 20 157 9 | 1147 5-67| 513 9:63/1097- "97 212 2681|562 528 | 6-12/1615-6 .
220 | 20 | 126 110|119 | 5-54/ 5-03 | 9261104295 | 234 | 362 |5-58| 521 | 6-2901645-0
No. 151w 1| 15 10 86 40 E 62}/ 492 4-42 | 10- 464 653-74 112 98 104 5'04‘ 441 | 12-50/1300-0
173 10 60 47| B2 514 4:60 | 10- 50 OB M. s ooifosissifivnnne]onencnloanons
= |2 | 10| 149 108|133 580|512 u;nz., | M SN 0 I
s | 223} 10 129 120 | 125 | 5-68|5°19 8-76/10951 elecenas
No.1slto1| 15 [ 20 | 49| 42| a5 |a-0a 415 | 1546 695-1......|...... =1 LTSS ] [
173 20 184 145 | 168} 5- 82| 528 o L i, USRS BRCE SSiORY DRSNS Mt MG i
20 | 2 146 | 114 | 1351 5-68 | 5-17 | 8-20(1n11-1].c.000 | Tii e A T P e
22} 20 130 108 | 118 | 5-72| 5 2; 8-22] 970~




TESTED IN TENSION.

PRESSURE SAND TESTS— Continued.

1 week test<, 1 air, 6 water.

4 week tests, 1 air, 27 water.

Pres- -

Mix- | % of | sure Tbe. per &q. in. Wt el o = e Ibs. per sq. in. ' Weig” ag |8

Brand | ¢, e, ?w{ner. per — T when ;E g ;.S E fpefl w?:fn I Z-; g:f
&q. in Hl"h | Low- | Aver tested %= 51 < 8 |3 ngh- Low- | Aver-' tested se Lé? E]

est. | est. age. |in oz.= 5 2 .§?.;.. a 3 est. ‘ age.  in oz. ;~Q?— 2 2
No.153to 1| 15 | 10 | 20 14 | 16}/ 4-75| 4-03 | 15.21| 251-0f 3¢ 19 28 4-61 | 15-88| 444-6
173 | 10 | 12 5 714°59| 3-92 | 1466 102-6] 4 32 40 468 11-03] 4412
. 20 [ 10 | 13 T| 11 |4-73| 417 | 11-79) 129-7] 2 5 15 4-86 12-75 191-2
No.15|3to 1| 15 | 20 | 23 9 | 16|4-64 ) 28 38 |4-58| 4-01 | 1215 4617
173 | 20 7 L R e 25 331 4-74 | 4-23 | 10-80 361-8
20 | 20 17 | 8 121 4-85 19 24| 4-89 | 4-36 | 10-80 259-2

No. 93w 1] 15 10 25 14 19 4-37 55 63  4-54 3-89 | 14-24, 897-1
| 173 | 10 | 35 [ 18 27 |4-49 92 | 968 |4-72| 4-24 | 10-17 976-3
| 20 | 10§21 0 20 | 3234/4-68 120 |4-85| 4-18 | 10-141218-%
223 | 10 § 27 | 22 | 24] 485 74 | 79 |4-70| 4-16 | 11-49] 907-7
| 25wl 1| &1 10481 35 | 461 4-73|4-11 | 1318 612 9

No. 93to1| 15 | 20 | 37 | 33 |34 |4-66] 62 | 71} 4-69 4-15 | 12:22 8737
| 173 ‘ 20 | 33 | 20 | 271453 3 11141 4-75 | 4-27 | 10-15 11621
| 20| 20 | 29 | 25 261 4-8 - 109 (127 [4-69 | 4:26 | 91711645
223 | 20 | 25 | 22 23 | 4-86 12:06/ 87 | 95) 4-81 | 4-28 | 11-021052-4
| 25 | 20 | 271 | 22 | |25||4'80 12-89| 3 44 | 49 [4°70|4°09 | 1294 634°1
No.103to1| 15 | 10 | 37 | 30 | 84i|4-70! 4-18 1107 381 - f 1 55;‘4-72 | 4-18 | 1227 681-0
173 [ 10 | 43 | 22 | 31}|4-67| 4-12 | 11-69 368 63 | 70 |4-84 4-35 | 10-05 7035
20 10 48 32 | 37)|4-79| 4-24 | 11-41| 427- [ 62 611 4-89 | 4-32 | 11-68 741-6
223 | 10 | 3¢ | 27 ' 30 {4~95 4:33 | 12-45 373-5 | 38 | 441(4'88| 4-22 | 13-48 600°0
2 | 10 § 33 | 15 | 234]4-92]| 427 | 13-14] 308- | 23 | 28i/a-88| 4-15 | 12-94/ 368-8

| | | P . | i

No.10[3to 1| 15 | 20 | 41 | 27 | 33}|4-68| 4-11 52 | 61 l«t-os 4-40 | 11-04| 673°4
13| 20 | 37 | 16 | 27 |4-85| 408 47 | 68 |4-84 | 4-31 | 10-96 745-3
20 | 20 | 42 | 31 | 35 [4-82| 4-2 56 | 71 |4-97 | 4-42 | 11-03| 783-1
223 | 20 | 36 | 23 | 291|4-90]| 4-28 | 12-65| 37 0 | 75 (4-90| 4-35 | 11-23) 842-2
25 | 20 : 2 31 1500 4-35 | 13-06, 103 48 |a-85/| 4.27 | 11-92| 572-2

|
|
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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
8q. inch pressure and 20 p.c. water was adopted about 1 month ago,
and the following results obtained (Table 1V); this tuble 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 aceuracy with
one another, and in future such will be the method adopted in the
cement laboratory at MeGill, subjeet 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 Cavadian
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 viluible than tensilc ones, in the scnse
that we use mortar usually in compression. There are several reasons,
however, why such tests are not really needed :—

(1) Beeause th> stronz mashinery needed would not be generally
available ;

(2) Because the ¢)mpressive strength, after all, varies quite regu-
larly with the tensile, being 5 to 6 times as greatat 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 natarals do not get so brittle ;

(3) Beecause 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, morcover, the strength of mortar in thin joints is much greater than




TABLE 1V,

CONDENSED SUMMARY OF PRESSURE SAND TESTS.

Put in Moulds with 20 % water, 20 Ibs. per sq. in.

I i week tests, 1 air, 6 water.
I lbs. perag.in. |§ |m£] &
- | . . in. |2 &8

Brand | Mix- [l———— BcH F
ture. . |l=8la 3| 3.2

High-| Low- Aw-r-j—m;.‘, i} ss’i

} est. | est. | age. !; gg P

- ==

No. ljlto 1| 7 46 58 5°254-55 13-33
No. 2(lwo 1{|157 | 90 IR& 5 g's 13| 9-63
No.15lto 1| 146 | 114 | 1354 563517 820
No.15/3t0 1| 17 8 | 12 !4-35’14-% 11-75
No. sl:m 1t 19| s | 13 1474417 1206
No. 9/3to 14' 29 | 25 | 261 480419 1278
No.10[3 to 3 I 42 | 31 | 35 |4-824-24 11°96
No. 830 1| 34 | 25 33,; ...... o
No. 5/3to 1 l 15 | 12 | 14 [4-78/4-12 13-70
No. 4l3to 1|l 52 | 30 1 14-94/4-37 11-58
No.19[3to LI 77 | 58 1 14-79/4-09 14-61
No. 6|3t0 1 83 74 71/3-97| 16-84
No.11[3to 1} 25 | 15 ls -5Bl4-13] 9-51
No.l4a{3to 1| 15 8 10}

" 4 week tests, 1 air, 27 dys. water

: . a s o
S Ibs. per &q. in. é }E% §-=
ok [ k%8| =8
23 High-| Low- | Aver 'iz £ -3

B2 [ est. | est. | age. o 2

[ | & @2
w31 102 | s0 ‘g-simo 11-73
1097-8)| 207 | 212 62528 6-12
EHIEIY . ovsee] - consa]essere
146-9) 28 | 19 | % IG'“#BG 10-80
1568 52 | 31 | 47 |4 48/3-89, 13-20
3387 143 | 109 127 469426 917
w205 84 | 56 | 71 1497442 11-03
..... A s | 4-994-41 11-55
1918l 58 | 43 g 4-36/ 15-01
4574/ 118 | 23 | 103 [5-024-49 10-56
10153 143 | 101 | 129 4-8§.... ......
1313-5 139 | 118 | 198 |4-994-28 12-65
180°7) 46 | 37 | al} z 4-18 1390
...... | 36 | 24 | 30 |4-884-16 14:76

Produet col.

|

3 x col. 6.

1615+

|

REMARKS.

10909/ Temp. of air, 60° F.
6| ¢ “  60°F.

“

“

£

.

.

61° F.
60° F. (1)
69°F. (2)
63° F.
65° F. (1)
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in cubes. Tests on cubes always 2o higher for small cubes than for
large ones, (Bee also Series (IVa) 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 objeetions which would preclude there being
any great value in such tests :—

(1) Because the co-efficients of rupture in transverse testing are
known to be at fault in not really indicating the tensile strength of
the outer layer or fibre ; this could possibly be avoided by determining
cortain corrcetions as a thesis paper to the Engineering News pointed
out ;

(2) The main objection is that a flaw of a very slight amount may
be objeetionable in such tests if situated near the tension face. Any
cement tester knows that bubbles will oceur. They may be 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
moethod of testing does not scem to commend itself to general use.

To conclnde the subject of ordinary testing for commercial purposes,
and with the addition of chemical analysis where available for scien-
tific ones also, the following scems to be a good basis to work on, that 4
tests should be made in combination :—

(1) Specifie gravity 3.10 for Portlands, 2.95 fior 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 are stuck
tight to the ground glass, the cement may he considered safe, while if it
has looscned from the plate but has not yet eracked or warped, it may
be immersed again for 24 hoursat 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) Fineness :—

=lnd]2(:) ';cc rcsn:liuc >~ 1\{?'18-_008"‘:“3 }as maximum,
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(4) Tensile strength :—
Portlind. Naturals

Minimum neat 3 days 250 75
. [ 1 week 350 100
& L 4 weeks 400 200

1to1and 3 to 1 sand tests with 20 p.e, water, and 20 lbs, per sq.
inch pressure to be determined by tests made and results furnished
within the next year.

SERIES I.
SPECIAL TESTS.

On the cffect of fine grinding : —
(a) 2 oz, cement passing No, 120 sieve.........Cement
20z “ caught on No, 120 sicve

208 “  « No. 80 sieve ¥...... Sand
2 oz, sand

tested at 4 weeks gave 165 Ibs., while
2 oz. cement passing No. 120 Sieve, .Cement

0108, BB, i oroeturossrionsusssnnss
gave 121 lbs, tested at the same age,

POTOTRGIRI ™ |

Thus, if in the first instance we consider all but the finest as sand,
then our result is only 35 per cent, higher than the 2nd mixture, show-
ing of how little value the coarser particles were,

(b) No. 8 English Portland (very eoarse) gave in ordinary test 414
Ibs, 1 weck mneat, 528 Ibs, 4 weeks neat ; but when all the particles
caught on No. 80 sieve were rejeeted, the results were 393 Ibs. in 1
week, 484 Ibs, in 4 weeks, demonstrating the well-known fact that
neat tests of Portlands operate against fine grinding, and therefore
should be cousidered only in connection with fineness and specific gravity,

(¢) Equal portions (same brand) of residues on No. 50 and No. 80
sieve were mixed with 22} per cent. water, and gave 262 Ibs, in 1 week
and 324 bs. in 4 wecks, which is very surprising, and can only be
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 the mortar broke up many coarse particles
into fincr ones.

(d) Toshow the superior value of fine cement in sand mixtures, the
following results have been obtained :—
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Fine on

E

3wl

Ordinary.

Fine on
120 Sieve.

2to1

Ordinary.

ve.

lwl.
{Ordinary. | Fine on

. pressure.|

tamped. .

tamped .
pr.
20 lbs

These results should be a convineing argument to users of Portland
cement, that fine grinding is worth paying for, because the finer the
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 casily ground, and thercfore 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 befter burnt are, therefore,
harder and escape grinding ; but these particles, not being very hard, are
probably bruised up in mixing, and form the best part of the cementing
substance ; therefore, whea these ave sifted out, the underburnt fine par-
ticle has not as great a cementing value as the mixture would have
unsifted, On the other hand, the coarse particles in Portland cement
are much harder, and are’always a detriment in a sand mixture,

SERIES 1I1.
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 Ibs. average.
(8) ¥ = “ o 122°F., 250 Ibs, average.

(b) 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,
() 8. f 118°F., 129 lbs. average.

(¢) No. 4 Portland, neat, 1 month oll, gave when tested the fol-
lowing results :—

(1) Water at temperature 65°F., 533 lbs, average.
LRy i g 118°F,, 616 lbs, average,
(B) = % # 186°F., 556 Ibs. average,

(2) No. 4 Portland, 3 to 1, 1 month old, gave when tested the fol-
ing results :—

(1) Waterat temperature 66°F | 81 lbs, average.
(3) * « L 183°F, 81 lbs, average.

These tests, which are very un iform, indieate that for ecither natural
or Portland cements tested neat or with sand, there isa 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 mueh 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. | Natural,
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SERIES IIIL.

FROST OR EXPOSURE TESTS,

This series consisted of various investigations into the strength of
mortars when mized with different conditions of water and under dif-
terent 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 boardsin a closed tank for the whole
period, and never allowed to dry out;

The 3rd set was allowed to sct in the laboratory, and then exposed

* to the severe frost and left in open air for the whole period ;

The 4th sct 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.

Table V ishere 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
s0 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 Portlind cement tests, both in
tension and compression (with one exception) assert it; and also that
those allowed to sct 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 luid in frosty weather.




TABLE V.
FROST OR EXPOSURE TESTS.

SERIES III.
Tensile Strength. ! Compressive Strength. L BE . SR
| g |88 E=Sg | 2
2 0 | s Dat. S| SEg| £S5 E | S5 | No.
Mixture. | Age. |Water IS _A!E‘:A .’S-;’AI ’ ofeﬂ !95. 28l S8 | FE| of Remarks
tet. |ZES|3ESI2ES) 1 [ 2 | 3 | 4 [Exposure|SREISHE| FRE | 5% | tests
l o |3= ""é =2 ' ! == == Z=3 | 2
! - _g =8 ! 7 | = - S N
No. 11. | Dec. 6th = oo | 307 3) = )
Portland |2 mos.| 602 | 471 | 282 | 334 | to +23°F. [422°F. 127 (4 25 16
Neat. Feb. 6th. j .
| [Dee.Thh| 1 | 0 ® | o | o0 | 2
ltol. o 317 276 194 233 | 3200 | 1780 | 1600 | 1900 | to +5.°F.|+31°F.| 8 (4 35 20 3
| | | Feb. 11th. i 8
2 . . 7 ' R | W@ | s =
2to1 168 150 105 111 800 | 720 | 660 440 to - }°F. (O°F. 107 (4 37 24 ~
| ' | Feb. 12th. P it s
. _ ’ | ) . Deec. 13th I ‘ 1 27,;;; fiz—iu__ﬁ'v:»s.n and 4 show- ;".
3to 1. 104 86 92 97 300 | 520 | 230 | 300 | to -5°F. -6°F. 10 (4 1° 25 24 ed irregular and in- <
| bbb 1 | Feb. 13th. | sl 4) jured fractures. ¢
No. 1. | | ‘ Jan. 12th | 1503 No. 4 tension
Natural | | 226 | 221 ; 349 0 l 1600 | 1500 | 2300 [ 1390 | o 42 F 45 P U 15 20 completely blown
Neat. ' | | | IMnr. 12th. I s () in fragments.
» | | }_ | | | | Feb.5th 8° 07 (3 | Some of No. 4
1tol. & 125 | 229 | 187 | 44 | o/ so0 | !? . i8° F.+5°F. 10/ “';) 8200 | 22 - v injured and
| April 5th. No. 3 compression.
| | ] | Feb. 13th ey ";.,0, P b | Mixed with wate
- | . | 9o 2o B 3)! go g Mixed with water
Neat. ‘I 250 ' 281 ‘ 159 ‘ 94 2800 | 2000 | 3300 | 1300 .\pn‘l‘)]'{n, +13°F.+5° F. 107 (4) ¢tol! 2 i"' temp. 122° F.
B . ' | ; o Feb. Uth | - - , .7 I{TU’ (.'i)’ 2 end g glixe-l wilhiwmer t.:.‘ 1
1ol I | 129 | 170 | S0 | 117 . i | +9°F. 0°F. " g ) 2 30720 attemp. 115 F. 3
o Feb. 26th | | bes i | =3 with 2 9
Nest. 1m | 155' 218 217| 249 ' ’ | ArFLer T O ol 20 !h Mixed with 2 %
‘Mar. 26th. s s
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The next deduction from the Portland cement tests is that labor-
atory tests made with briquettes submerged give higher results than
can be expected in open air work, and therefore that engineers should
add this to the various other degenerating contingencics, such as bad
mixing, dirty sand, cte; A deduction not much 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 to 1 Portland exposed at —6° F. gave
ocular evidence that their structure was injured, and the test-pieces
broke most irregularly, while the other exposures at about 0° F. gave
no evidence of any injury at all. Coming to the natural cement mor-
tar in the 5th and Gth lines, we find much different results. The first
one is decisive, und is that this particular cement mortar cannot be
laid in zero weather, The first set were all blown to picces (except the
cube), which surprisingly stood 1390 Ibs., 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 cement 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 to frost showed a dis-
integrated layer on the outside about }” 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 +74° F) showed that salt inereased 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 cither hot water or salt are therefore very
strengthening in their effect, Much additional data on thissubject is
hoped for in Part IT of this paper.
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SERIES 1V,
SHEARING TEST.

This series of experiments was earried 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 togethier, and tested at the end of one
month, It was found that by placing pieces
of soft wood at A.4.4., i action as ncarly as
possible a shear was obtained, and gave very
satisfuctory 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 eombined effeet of adhesion and fric-
tion can casily be computed if' the adhesion
and super-imposed load are known,

The results are divided into lime mortar,

mortar, also into }” and ” joints, also into flat
common unkeyed bricks and pressed Laprairie
brick keyed on onc side, (1) The lime mor-
tar was mixed 1 lime to 3 of standard
A quartz sand, by weight; (2) natural cement
mortar was mixed, 1 of No. 2 natural cement to 1} 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° F., but one set of natural cement mortar and two of
Portland 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 thickness of joint ;
this is true of lime and cement mortars, (b) T'he mext 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 casy 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.

patural eement mortar and Portland cement’

-7t
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:
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But for adhesive tests 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. (¢) Coming now to the tests
on lime mortar, the shears were throngh the mortar, except in the 4th
experiment, and therefore they arc 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 10} Ibs, per sq. inch.
The tensile strength of the sume mixture at the same age was 30 Ibs.
per sq. inch, and the compressive strength 102 lbs. per sq. inch. (d)
The natural cement mortar showed distinctly thatits adhesive strength
was not as great as 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 dueto the different surface of adhesion. In b tests out of 21
made on the natural cement mortar, the mortar sheared through, and
the average of these 5 was 97 Ibs. 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 1bs, persq. inch in common
brick, 48 1bs. per sq. inch on Laprairie pressed brick, and 38 lbs.
per #q. 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 cffict 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
Ibs. per sq. inch ; the compressive strength was not obtained, but would
have been about 1000 Ibs, per sq. inch.  The hints to bz taken from these
tests are 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 muke 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 Lo its tensile strength, but ubout
the same proportion to its compressive strength, i.e., 10 to 1.

It beconiing evident that the thickness of joint had no appreciable
effect, the Portland cement mortar tests were made all }” 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 13 to 1. This is a
significant fact, for while a neat tensile test of No. 2 natural cement 4
weeks old is 268 1bs., the No. 5 Portland is 459 Ibs. for the same age,
and a 3 to 1 No, b Portland is 82 Ibs. for same age. (See table of gencral
laboratory results.) Thus while any test of this cement would show that
a 3 to 1 mixture of the latter would be nearly equal toa 14 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 casily have expected this ;
but the main point is: is it taken account of, in considering the com-
purative values of these mixtures, that the adhesive strength of a Port-
land cement mortar heavily dosed with sand is low us compared with a
weaker but richer mixture of natural ccment mortar ?  The shearing of
Portland mortar shows that the adhesion to pressed brick is greater
than to common brick, but not in such proportion as in natural cements,
being 14 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 reverseis the case.

Table VI is given on next page summarising the results obtained.

SERIES 1V. (4)

THE STRENGTH OF MORTAR IN COMPRESSION IN BRICK MASONRY.

All engincers 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-picees, and tested at the same aze. We are thus enabled to
form an idea of the relutive 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 wortar, The
mort: rs of the 4th, 5th and 6th tests are identical with the mortars of
the shearing tests, and show the same clear superiority of the natural
cement 1% to 1 over the Portland cement 3 to 1 when used in this
manncr,  Table VILI, p. 265, summarises the results obtained.

R




TABLE VL
TABLE OF SHEARING TESTS, or MORTAR ADHESION TO BRICK SURFACES (in shear)
SERIES IV.

Kind of Mortar.

Limel. Sand 3.
- -

- No. 2.

Natural 3

Cement %l Sand13
No. 5.

Porti’d .

Cinent ‘ 1 Sand 3

Joint.|Brick.

o l A
I | A
i[iB
¥ | B
e
ro| oA
" | B
B
" | B
l
" | A
¥ | A
| B
" | B

No. of
tests,

O Ot e T

WRHH &

How
indurate !

Shear in lbs. per sq. in.

Least. l Greatest

Remarks.

‘|Average.
in air !
. 12-1
= 12-0
- 3-0
" 22-3
- 29-0
= I 750

L 850
in water ! 380

in air 10°6
in water| 13°0
in air 16-5
in water| 27°1

A. common, flat, unkeyed, salmon brick.
B. Laprairie pressed brick, key on one side.

@ i

|« “
|
“ “

L

All sheared through the mortar.
P “ “

“

All came away from brick (mortar dry)

2 came away from brick, 3 sheared.
1 “" “" “" '.) ~

All came away from brick.

e

¢ ‘e
“

|
‘ «

“ The brick which was on
top in the original laying,

“ always sheared 1st and at
. a less load thun that of

“ lower one, which,of course,
‘\w! under twice as muck

load or pressure.
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TABLE VII.

MORTAR JUIN'I' IN COMMON BUILDING -BRICK PIERS.
: T Siomae iy Ho |,or =q. nu.l. Compression r foot under
s | Thick- . .ol %of ot s a total load of
Commt.l:n of A'%:s:f ness of Dimen:s wl";‘r of Brick| = | - lﬂt signe | Bricks |y SIS
Joints. ’mnm\r ?::nf.(ln‘:: ?: {,‘rlnlc‘ic"» i:l:n;fv mum loadl| 5:000 | 20,000 | 35,000
b_» ol e I [
| | |
No. 1. TS0 x 155" ‘ 1' } I
1 Lime. _an» |16.57" high. o | g | . ” - aw
& Baiiingannd, 1 week. 2% & bncks. 3T (H ” 245 327 { 9830 1,143 015 L08" | 13
61.2 sq. in. area. Il ‘
No. 2. 8.0" x 8.07. I =
I Lime. 3 weeks.| 3 [LL16 high. 3t | 469 563 | 1406 | 1,553 007 | o3| 017
5 Building sand. 4 bricks, l -
64.0 5q. inches. i 2
No. 3. 1.9 x 1.9". ~
1 Lime. 3 weeks,| .27 [24.50” high. as N T P " 5 04" =
5 B“i'mmg e e .J s 19 bricks. 37 400 689 | 897 1,282 005 053" ‘ 094 -3
| 62.4 8q. inches. | | | ‘ 5]
ST — ,‘ - = d -
No. 4. ‘ 7.5" x 7.85". | ! | *
1 Lime. Lweek.| 3o [1142° high. | — - 5 IS Sy
3 Lab’tory sand. | ¥ |4 brieks. o :: e P = ) 7 i
| 60.84 =q. inches. | i
: if ¥ Fo |
. '§°5; 7.80” x 7.90". | |
o %2 Naly k.| 3o [1115 high. 223 | 9es | 1,190 03 | 1,9 | 009" | .02i" | .054
tural cement. o & bricks. | 224 || %68 | 1,190 1,403 984 | 27 054
1} Lab’tory sand [ 62.01 ¢q. inches. ‘ I ‘ I |
= i . . -
No. 6. | u o
8.00 £7.95". f =
1 ﬁn{"O- 5 Port); week.| 3= [1130”high | 20 65 959 1,305 1,564 007" | .00 | o1  <*
. cement. 4 bricks. 2 | b5 5 . Lato ,ob 007 005 .
3 Lab’tory sand 63.60 £q. iuches area. ‘ n i .l |
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CONTINUATION OF
MORTAR JOINTS IN BRICK PIERS.

Cg"-n I;rl:‘":n A‘:’;" :[;(h::':’}l Dimensions of Brick
and Piers. Test.  Joints. Pier.
No. 7. 2.00” x 8.00".
1 No. 5 Portland. Vo w» |1L.5" high.
1} Laboratory sand. = - 1 bricks.
Common bldz. bricks. 4. 0 8q. in. area
No. 8. 8.3" x 8.3".
1 No. 11 Portiand. 12 dave v« |1L.8" high.
1 Laboratory sand. = * 4 bricks.
Laprairie pressed trick. 68.9 sq. in. arca
Li No. 9. 8.2" x 8.2".
1 Lime. eeks ¥ 11.5” high.
3 Laboratory sand. ek i 4 bricks.
Laprairie pressed brick 57.2 8q. in. area.
No. 10. S4” x 8.4".
1 No. 2 Natural. 4 wosks } 11.0” high.
o ¢ bricks.

1} Laboratory sand.

Laprairie pressed brick.

No. 11.
1 No. 5 Portland.
3 Laboratory sand.

Laprairie pressed brick.

NoTE:

1 weeks.|

4

|
»
1

T0.6 sq. in. area.
s.4" x 84",

11.1" high.

4 bricks.

70.6 sq. in. area.

7 Of
water in

mortar. of failure of failure

20

TABLE

loml in Ibﬂ per sq. mch

Ist signs | 1&t signs

in mortar. in bricks.

1125 1563

1679 1800

260 853

1345 1629
1

1204 | 1600

VIL

!

|Com pmslon r foot under
ke e ;l a total load of
Bricks |y T
r':[l)::i';,\! /mum load | 5,000 | 20,000 | 35,000
o | | |
| son | oo |
1734 000 | 0045 “ 011
l :
S e
|
1930 1960 001 006 | 011
cees 1263 048 115 156
- |
[ ’ ‘
1746 | 1983 || 000 | .0027 | .005
| | [ |
| |
N .
1629 1785 ol Lole

e

~These results were ohtained after the publication of the paper, and are the additional pier tests promised in the text.
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TABLE VIII.

| Strength of Mortar per sq. in. '-‘"";"' "’13“'“'

= I | set obse
In joints, ln culml Intens'n, per lineal foot.|

245 W1 sevinsas 1 week olnl lllOl‘(lI‘, l Inne, sand.
469 20 | 01" 3 8 ¢
400 5 2| .03 3 « 1 “ 5o«
o l ‘" l “" 3 "
d 1 Natural Cement 1} ~und
" 1 Portland « 3

Roughly speaking, the lime mortar at 1 week 5 to 1 is 6 times as
strong ; the lime mortar at 1 week 3 to 1 is 14 times as strong ; the
natural cement mortar at 1 week 1} 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 secn
that the amount of compression per foot is mueh less according as this
ratio is less—i.e., the less yiclding the mortar, the nearer docs the
strength in cubes approach to the strength in joints, This is to be ex-
peeted, because the more yielding substanees will be at a much greater
disadvantage when unsupported at the sides than if enclosed in a thin
masonry joint,

In the 2nd, 3vd, 4th and 6th tests at 17,500 Ibs, the load was
released, and the permanent sct observed was as given in the 5th
column of the preceding table,

It secms probable from this, thercfore, that the lime mortars must have
yielded to an injurious extent before there were any external signs. But
whether this was the case or not, it is impossible to say, because the com-
yression was quite uniform up to and in many cases much past the
points of evident failure,

It seems fair to suppose that 1 week and 3 weeks are about the niinie
mum and averaze 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 }” thick, the amount of compressionin a high brick
wall under a load of 80 or 90 Ibs, per sq. inch is scen to be very
great, and under a load of 300 to 400 Ibs, per sq. inch, a brick wall
50 ft. high in lime mortar would not only fail, but compress from 2 to
G inches in doing so—the compression practically all taking plice in
the mortar, as in the unyielding Portland cement mortar the compression
is seen to be very small,
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SRS S —————

The sceond part of this paper will contain tests made on piers built

with pressed brick, in which the mortar has had longer time to harden,
and interesting results are looked for,

The brick in this case was, as mentioned in Table VII, common
buildig brick. The photograph given illustrates the method of testing

b—




Cement Testing. 267

and the interesting manner of failure of Hth test, in whieh the lincs of
leust resistance are clearly defined.

SERIES V.,
EVAPORATION AND CRUSHING TESTS AND EVAPORATION AND
TENSILE 'l

(«) Evaporation and erushing tests.

Thisseries had for its first intention, information on the comparative
and actual amount of evaporation of moisture from different mortars
made with differcnt 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 as follows :—Mixtures were kept in damp aiv 30 days, then im-
mersed 2 days in water of ordinary temperature, then taken out and

TABLE IX.
EVAPORATION AND CRUSHING TESTS.

No. 11—PorTLAND.

SERIES V.

C ushing Max. wt, g Column 4
strength - Product, of 27 - divided
per sd. in Cube. ywit. by col. 6.

SR Evap. 7
Mixture, ’in 2 days

0z,

HR09) 10. 13

11.49
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No. 10—PorTrLAND,

' evan ¢ |Crushing | 9. Colonnm 4
Mixtare. | 380 % Uarength | Product. | wt. (c/.,r #) divided
n 2 days, per sq. in | hy el 6.
Neat. 0.97 4367 1231 9.84 | 21.31 199.0
Ttol | 220 | 062 | 673 | 10.23 | 21.87 | 308.0
2101 | 5.69 1079 | 60m2 943 | 20.72 | 291.1
3tol R.61 010 RO93 9.15 ‘ 20.31 308.4
4tol 11.68 501 5836 8.86 19.87 296.2
) (_nﬁ day nld:'t lilllll others,
No. 3—PorrraNn,
" \
| By o |Crughing
Mixture. | “,',"’l o | strength Produet. | wi.
in 2 U8YRner 8q. in. [
| e S e
| [ |
Neat. 4.65 | 1863 8662 | 10,00 | 21.62 400.7
| [ |
Lol | 4.10 1875 | 768 10,12 | 2171 | 354.1
2t0 1 | 5.67 1417 8034 9.60 | 20,97 383.1
|
|
Il 8.11 657 6572 8.95 20.01 276.2
41 1 12.56 ‘ 412 5176 R.88 19.90 260.0
|
No. 15—~NATURAL.
| 4o o |Crushing
Mixture, |,Evap. /’ strength | Produet wit,
jin 2 days
. pl'r P‘ll n.
——e ‘ —_ el —_— s—
el ‘ hoi e
Neat. 1 6 76 1888 12762 .40 20,67 G17.4
ltol 5.08 1437 7400 9.6d 21.02 347.3
2101 6.12 988 6046 9.32 20,57 203.9
|
34 575 4796 9.05 2016 | 237.9
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No. 2—NATURAL.

|
o | Crushing |
F\Iﬁ; % | strength | l’ruluu

per &q. n.

Mixture. ‘m 9

Neat. | 5.93 2575
ltol | 10.32 703
|

2to1l | R.93 810 |

weighed ; they were then kept in the warm dry air of the laboratery at a
temperature of about 65° 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 cvaporation was practically complete,
Other experiments (not recorded) made on 3” cubes gave less evaporation
per cent. and also less strength, Attached to thisare 3 diagraws : the first
two show strength and evaporation in different mixtures and 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
itwould be possible to estimate fairly and accurately, without actually
erushing a specimen, what load it would bear,
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Reference to the table and diagrams will show that the evaporation
iucrenses and the strength diminishes with the increase of sand in the
mixture, Thisis, of course, almost self-cvident, but the striking differ-
ence in the amount of evaporation for different cements neat is unac-
countable. This difference disippears as the admixture of sand increases,
and we are led, therefore, to conclude that there is something inherent in
the coment itself, which aids it more orliss in holding particles of water
in suspension. The natural cements show high evaporation neat, so also
docs the No. 3 Portland, which has a high specifie eravity (see gencral
tables), and the cubes of which weighed more than those of the No. 10,
which evaporated least, We cannot sccount 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 holding particics of
sand together, but not particles of itself. The third disgram showing the
convergence of lines onthe 1 to 1 mixture is very striking. The product
of the crushing strength of al to 1 mizture and the ev 1poration per cent.
under conditions named is practically consrant. Thisis firone eon-
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 strueture in various cements, [t ix, of course, well known that the
underburnt natural cements have softer, rounder and more casily pul-
verised grains than that produced by the highly burnt elinker of the
Portland, It is possille, therefore, that the cvaporation qualities of a
neat ccment would indicate more closely than anything else the degree
of burning practised, independent of the fineness, It will be neticed
by Table IT, that the residues on sieves afford no elue to the density of
the mixture, and no guide to determine beforchand thy evaporat ion.
Neither docs the weight of the specimens vary at all regularly either
with the erushing strength or evayoration.

It would seem that the eoarse, anzular labovatory sand had irs
interstices just about fillad up with a 1 to 1 mixture, and the strength
of the wixture depended divectly 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. &) (\u/r;v;iﬂt )5 the diagram is practically the same, showing
that the variation in weizht 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 oncs,
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(b) Evaporation and tension tests,
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In Table ITI, and Table [V. the per cent. of evaporation in 2 days
is again given, and diagrams are plotted showing the relation between
the tensile strenzth and the weight of the dried briquettes in the pres-
sure tests, and also other diagrams showing the produet of tensile
strength and evaporation plotted on a base of weights of briquertes,

The X marks in the diagrams show the positions of tests made with
20 Ibs. pressure and 20 p, ¢, of water, and they are seen to stand at
prominent and usually maximum points 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 erushing tests, that in
1 to 1 mixtures the variation of evaporation and strength combined is
not very great, but not so close 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 differcat amounts of pressure, It is
evident that cach cement has distinetive qualities of its own, because
with the same weight of briquette the strengths vary, and this brings
up the important point that in sind tests the strength ought to be
referred to some hasis of weight of briquette, because a slight varia-
tion in weight seems, from Table IV, to affcet the strength very
much. It would not take much evidence to determine the average
weight, and all tests could be redueed to this by muliiplying by

(VEG'TMY which would change the scetion density to a standard,
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SERIES VI,

SUGAR TEsTS.

Sucrate 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
cise ; one investigator several years ago showed by tests that from 4
to 1 p. e. of sugar would in 4 to 6 months give a gain in strength,

Sugar, in these tests, 2 p. c. of the amount of cement (by weight),
was used, and the diagrams attached sufficiently indicate the results,
In the Portland cement the strength ranges closely at 50 p. e. of the
ordinary strength as far as 6 months, while with the natural cements,
the sugar effoet was overpowerinz.  After one weck's immersion the
briguettes showed signs of eracking, and as time went on became com-
pletely ehecked, and expanded so much as to give practically no tests.
Thisis further evidenced (see exhibit of briquettes) by the upper surface,
which was protected by a coating of iron deposited from Montreal
water, being intact, while the checking was greatest on the bottom
where the water had free aceess,

The lime mixtures, kept in open air, showed encouraging results for
2 months, and scemed 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 scems evident that this much or more sugar would be
damaging in its effects on any kin 1 of mortar in any situation, and it
is extremely doabtful whother 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 subjeet, and that
the wore one finds out, the larger the unknown ficlds heyond appear.

In any cfforts 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 acknowledyge 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 acknowledze the opportunity
given by the Engincering 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 possessed, Professor Bovey, the Dean of
Engineering, isalways ready to have the want filled, if possible, Tn this
way many things not feasible in ordinary cases are practicable, and it is
hoped that, in due time, other results of value to the profession may bhe
determined and presented to the Socicty.
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CORRESPONDENCE.

Mr. H. F. Perley said :— Relative to the subject of cement test-
ing, I would state that there bas been, and no doubt still
will be, a large 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. Bat in spite of all that has been written, and all that we
have been told, experimenters and scientific persons have not
yet devised a scheme, a test, or an analysis, which will enable o
contractor, or a user of Portland cement, to quickly and acenr-
ately determine the value of the article he has procured, or which
has been furnished for his use. The tests in vogue ure 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
where “ 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 as regards the tests, but whose know-
ledge of the practical use of cement is but small,

Relative to this matter, the late Henry Fairja, in a letter in the
Engineer of 2nd of March, 1894, stated that, *“ifa cement is unsound
and does not comply with the mechanical test specified, let it be
rajected, and leave it to the manufacturer to find out where he
is wrong ; but let the quality of the cement be decided before it is
used in the work, otherwise, in the event of fuilure, 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 wounld be unspoken secrets known to manufacturers only,
and we should hear only of cement being either sound or unsound,
which for all practical purposes is sufficient,”

In Canada, contractors ave often obliged to use imported cements,
because those who prepare the specifications under which they
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work labour under the impression that eements of foreign make
give the best results, and they base their opinion on results
obtained in the country where such cements are manufactured,
forgetting the fuct that there, manufacturers are numerous, com-
petition is keen, and vast quantities are requirved for home con-
sumption, and therefore the quality of the manufactared article
must be good, to ensure which the German 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 Canuda is not obtained under a divect order, butarrives
as ballast, and is sold on almost any terms ; and therefore it can-
not he expected that the vessel owner would purchase other than
the cheapest grade for his purpose. This article is, of course,
rightly termed Portland cement, bat it is a cement of the poorer
class, as evinced by its price in the market.  We have a few 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 be bought by weight—with a limit
on the weight per cubic foot filled under imposed conditions,—and
delivered in bags, then our cement makers would have a 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 besimple 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- . Fred, 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

8
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action of hydraulic cement than we now possese. 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 of 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 be 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 be 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 be 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 thesame 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 proferabie. 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 is that no definite quantity can be
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 ench 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 inndmis-
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. H. R, Lordly as 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, from an extended series 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 are 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 atfected by the tempera-
ture of the water, giving much the result found by the anthor of
the paper now under discussion. The others were 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 setting sufficiently to resist
crushing under the pressure of the fingers, All of these cements
were 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 heat.

The effect upon the rate of setting produced by mixing with
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hot water varies ns rauch as that upon the strength, The rule
seems to be that those cements which are 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,
seL 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
waterat 140°, set in 2 hrs, 20 min., but did notget firm, Tensile
strength at 100°, about half that at 40° in one week, Temper-
ature of air 65°,

It has occurred to the writer that there may be a point for
some cements at which the process of setting occurs so quickly
as that the individual particles fail to combine with each other
as in a slower erystallisation,

In giving this brief statement of what seemed to be shown by
the few experiments at Cornell University, it is notintended that
any conclusion should be drawn from them other than the one
already stated, that hot water affects different cements very differ-
ently, thatit is unsafe to draw general conclusions in the matter
from a few tests on a particular material, and that the whole sub-
ject has yet to be investigated,

Mr. J. G. G. Kerry said he had read with much pleasure My,
C. B. Smith’s paper on cement testing; and having had the good
fortune to be with Mr, Smith while he was making many of his
experiments, wishes to bear evidence to the careful und conscien-
tious manner in which these elaborate series 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 anxgious to voice the thanks which arve due to Mr, Smith,
both for these and for the clear and explicit form in which he has
presented his results to the Society.

The greater part of the paper, dealing as it does with the
history and results of the experiments, is of course beyond discus-
sion ; but as Mr. Smith has confined his own comments to those
that can be made from a laboratory point of view, he has lelt a
field open for discussion 1n the practieal significance of some of his
results,
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_As_the quality most required in cements is darability under
nrdiri'y exposures, it is disheartening to read 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 chemieal analysis as a part of cement testing, if we
are to escupe from the often costly appeal to trial and time, which
is ofien quoted s the only suthoritative test of a cement. A
cement may fail in any one of the preseribed tests, and yet prove
satisfactory in serviee; but if it have a dangerons constitution, it
must prove unsatisfactory, and while a good chemical analysis is
not proof of the excellence of the eement, a bad chemieal analysis
is certain evidence of its worthlessness ; and in this respect chemieal
analyxis is perhaps 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 purticular fucts which would prove useful in practice would
be a knowledye of the dangerous ingredients that might possibly
be present, and their probable distribution thronghout any bateh
of cement, It is of course well known that in any burning, elinker
of varying qualities results; but this ix usually attributed to
better or worse burning, and not to chemical combination ; and
there does not seem to be much information obtainable concern-
ing the chemical variation of the output, This variation is
mainly a manufacturing question, but a knowledge of its extent
would furnish a measure of the number of analyses necessary to
establish the purity of the cement,

The absolute importance of specific 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 muanufacture; and as it is
an indirect test, it is doubtful whether an enginecr would be justi-
fied in condemning a cement on specific gravity alone. The
testing sheet attackied to the paper indicates that high specific
ravity is not an indication of a good cement, nor low specific
ravity of a very poor one. The writer would like to know
from Mr, Smith whether a coment tested at different finenesses
shows any variation in its specific gravity; theoretically, the
grinding should have no effect on this quulity, but the imperfec-
tions of the methods usually employed for this test might cause a
diserepancy,

o
5
o
5
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The advisability of sand testing, as discussed on p, 6, may prove
doubtful by reason of the present rapid improvement of cement
manufacture. The strength of a 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 be made much stiffer. It is probable, though
not established by experiment, that there would be a definite
relation between the strengths developed by neut and by sand-
testing, if only that portion of the cement were 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 can be more simply tested with sieves; and as sand
testing necessarily introduces u third variable and is more difficult
to carry out uniformly, it can be 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 be 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 Ibs,
per square inch on a month old mortar, and the uttached testing
sheet shows that any cement that is at all good will develop
strengths vastly in excess of this. There scems to be no value
whatever attachable to the numerical results obtained by tension
testing, and it is yet to be proven thata cement that will give
materially higher results in tension testing than another is really
the better of the two, Undoubtedly all cements should show a
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 upon the introduction of certain dangerous adulterants,
If a careful series of tests were made to ascertain the maximum
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and minimum strengths of unadulterated Portland cements, it
would be possible in some degree to guard against such adulterants
by introdacing both the maximum and the minimum strengths

into the specifications ; this idea has been carried into practice
occasionally,

Averages or TasLe 111,

One Week. Four Weeks.

Feight|Evap'n]
o e,,',f.‘ ation|

Percentage
of water
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Tensila | Extremes of |\yejgng (Evapor | Tensile Extremes of
strength | strength, oz, | Atlon strength,  strength,

hS. 1bs, prievge| lbs, | Ihs, l plet'gel
atur\ul 1tol] 1 |
15 16 23-86 . 3.5 82 39-112 ‘ 4.89 1L .-“l]
19 | 120 } 37-184 | 5.8 X | 160-282 | 5.¢

20 | 125 90-157

1~

ml 19 | 106-130

|| Naturial 3 to 1

14-41

16-43

20-48

22-36

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 IIT, disregarding, in so doing, the
fact that the tests were made under two different pressures ; these
averages are given in the accompanying table, and indieate that
percentages varying from 17§ to 22} will give gool results with
the least variation in results with 22} 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. results as the briguettes with this percentage
were evidently not perfect, the table pointsout two facts of practi-
cal importance, for it will be noted :

(1) That the percentage of evaporation steadily inereases with
the percentage of water used ;

(2) That the percentage of evaporation diminishes with the
duration of set,

If the percentage of evaporation be taken as a measure of the
cement s imperviousness, it is evident that when it is necessary to
construct practically water-tight works with eement mortars, that,
up to some unascertained limit, thedrier the mortar is, the better
the result will be, a mortar being thus preferable to a grout, and
that the longer the mortar can be allowed to set before being
exposed to water pressure, the less will the liability to lenkage be,
In this connection Table IX is of great interest, although it must
remain an open question for some time to come, whether the facy
that Mr. Smith is endeavouring to establish is merely a strange
coincidence, or whether it has some physical basis. The pereent-
ages of evaporation in the table show that Portland is much super-
ior to natural cement for water-tight work, and that a1l to 1
oatural is about equal in this respect to a 3 to 1 Portland. In
the test of No. 15 natural; the percentage for a neat cement is
given as considerably larger than for a1 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
Engincering News, January 3 and 10, 1895, My, Coffin found that
while neat and 1 to 1 Portland and 1to I natural made good water-
tight joints; the leakago throngh neat natural wasenormous,  Mr,
Smith’s results do not show as greata diserepancy, but this is pro-
bably due to the fact that the Belgian natural used by him
approaches Portland cement much more closely in eonstitution
than do the Rosendales used by Mr. Coffin, 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 other 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 does 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 of any definite relatipn between the
tensile and compressive strengths of cement mortars,  Authori-
tative deductions cannot be drawn from a table based on so few
experiments;

CO-EFFICIENTS CONNECTING TFNSION AND COMPRESSION STRENGTHS
OF CEMENT MORTARS CALCULATED FROM THE FIGURES
ON THE TESTING SHEET.
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but it indicutes :—
(1) That the compressive strength cannot be closely predicted
from the tension tests ;

(2) That sand mixtures show a hizher co-efficient than neat
cements ;
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(3) That the co-efficient increases with the age of the cement.

The writer has never seen the fact of the greater comparative
strength developed by the sand mixtures commented upon ; but this
result would naturally have been expected. The record of the
tension tests shows that cement mortars have reached very closely
to their ultimate strength at the age of three months, and the in-
cerease of the co-efficient with age indicates that this does not apply
to the compression strength of the mortar, and that we do not yet
know when it censes growing harder, stronger in compression and
more brittle

The value of the resalts in Series IL, p, 13, will be 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 puenmatic work,
that in the high temperature and heavy pressure of a caisson
chamber, rome cements will set almost instantancously, so rapidly,
indeed, us to prevent their use, because they are set before they
san be deposited in place. The results given in Table V, p. 14,
indieating as 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 freezing 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 & cement can be exposed to is to be mixed at very low tem-
peratures, There is no question that a coment mixed with heated
sand and heated water will set perfectly in sharp freczing weather ;
but will the same cement mixed with water at ordinary winter
temperature, which is always within a very small fraction of 32¢
Fahr,, in large streams and with cold sand, setat all, or will the low
temperature of the mass more or less completely kill the activity
of the cement? There seems to be no definite informution extant
upon this point, although it is one of great importance,

The ordinary objection to the use of salt is the same us 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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The results of the pier testing as embodied in Table VII, p. 18,
are very interesting and of greut 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 be determined by a series 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 indieates 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 itsadhesive 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 heterogencous mass like brickwork
is not clearly understood ; and as Mr. Smith has at varions times
kindly considered and developed crude suggestions of the writers,
he would now suggest that the knowledge of this action might be
inereased by an experiment on picrs built with a non-adhesive
mortar, such as dry sand, the sand being held in place by a pointing
of strong cement 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 agninst them, and asked an explanation
of this action from the members then present,  None was offered,
but as pressures developed in an abutment by a green earth bank
are enormous, Mr, Smith’s demonstration of the comprossibility
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-
camstances under which natural cements are fully as good us
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 thatit is better to use Portlands under the special
circumstances mentioned at the head of p. 7 ; but in the writer's

personal practice, fully 756 p.c. of the cement he has used has
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been laid under the precise circumstances shown in the paper to
be most favourable to natural cements, i.e., laid in summer weather
and only liable to occasional submergence, and this piece of
experience is probably the 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 3 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 cts, per cub, yard,

Cemext.  Saxp.  Lasovr. Torarn.

Portland @g1.75 per Lbl 3.24 .65 .50 4.39
S AN BB L e sved 5.66 .65 .50 6.71
Natural @ 0.62) “ ¢ ......00n0e. 2.56 45 .50 3.51
o LA 8t ieua 6. 14 A5 .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 cluimed that the naturals give promise of being much
the more durable of the two,  Canadian natural cement is usually
condemned offhand because of the uncertainty 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 manufae-
tured in much better grades ; but it is also certain that there arve
many firms to-day manufacturing natural cements in the United
States that are every bit as veliable as the besi Portlands, and
Canadian manufacturers should be competent to produce a like
vesult,  With regard to this comparison of Portland and natural
cements, the results of the table on p. 12 show that the Portlands
promise to muke a better comparative showing when the standard
of fineness is raised,  The writer has prepared the accompanying
comparative table from the tests in the puper, to show the relative

ralues of the two mortars in so far as they can be shown by the
testing machines, and in concluding woald 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
My, Smith, in conversation, and has yet to be explained,
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COMPARATIVE TABLE--NATURAL AND PORTLAND CEMENTS,

|
TEST. LBE. PER sq. IN.| MIXTURF. REFEREXNCE,
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Table IX.

Mr. J. L. Allison, Mem. Can, Soe, C.E,, said :—The testing of A
cements for the Soulanges canal 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, five Canadian, and two German, Three
brands of natural eement have algo 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 mannfacturers 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 conneeted
with the office. On the opening of a barrel the contents are
removed to adepth of about five inches, and the quantity necessary
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for all 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 totime 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 rvequired for setting
is found by mixing a sample to a paste with water, and noting
the penetration of Vicat's and Gilmore's neudles,

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 Vicat
needle ceases to penetrate to a greater depth than 20 m.m, If
initial setting does not take place in less than ten minutes, the
full quantity required for making all the tests is placed in glass
jars which seal air-tight. These jars are at once labelled and
placed on shelves in the testingroom, 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 of ten minutes is taken because
that length of time is required to properly gnuge a paste and fill a
dozen moulds, and all work on the paste should be finished before
setling has commenced.

The time of setting 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 filling 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
be placed on the weight as a measure of the density, The extreme
range in the specific gravity of the cements tested is so small
(about 6 per cent.) as to be neutralised by the greater effects due
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to differences of grinding, etc. Thus, the Johnson (conrsely
ground), sp. gr. 3,023, weighed 84 and 111 Ibs. per c. foot, un-
packed and packed, while the Josson (finely ground), sp. gr.
3.174, weighed only 80 and 105 Ibs, per eubic foot.

The specific gravity is determined by the volumetric method,
the volumeter used being of 200 c.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
setling 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 ure 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 mean 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, are mixed with water in such
proportion as to give pastes of the same consistency. The appara-
tus used for determining this proportion consistsof a brass cylin-
der of 80 m.m. diameter and 40 m.m, in depth, and & round brass
rod 10 m.m, in diameter weighed to 300 grammes, The method
of using them is as follows : the cylinder is filled 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 penctration 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 be 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° Fahr.

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 Faijw’s cement gauger. This
machine consists essentially of a circular, flat-bottomed, cylindri-
cal vessel, 10 diam, and 5 deep, in which a four-bladed mixer is
rotated by a vertical shaft. The blades are in length about one-
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half the diameter of the vessel, and the vertical shafv carrying
them is, by means of a crank centered over the centre of the
vessel, made to travel ina cireular path midway between the
centre of the vessel and its circumference. An additional rotary
motion iu 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
afixed 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 Faija’s ¢ Portland
Cement for Users,” and also in Engineering News 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 putinto 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 filling,
no pressure is applied to the paste, but it is worked into the moulds
with the point of a small trowel moved eduewise, 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 surface, The tiine 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 nir 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 whicli they are to be 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
are made, and a list is posted on the testing room each morning,
shewing the nurbers to be given to the briquettes made during
the day, and the tests for which they ave intended,

The twelve briquettes in one guuging 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° Fahr. The water covering
the briquettes in the pans is drawn off at intervals by means of
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 connted 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
waler is used to moisten the mixture sufficiently to form a stiff
paste.  This paste cannot be 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 bedting it down with a paddle-shaped
tool of iron, aboutone foot 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
briquottes in a set (twelve) made up from six gaugings break
with nearly the same load. The extreme rango is quite often
within seven pounds, and is in some cases as small as thre,
pounds,

The procedure after filling the moulds is the same as with neat
briquet!es,

The mortar briguettes made previously to June 13th, 1892
were 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

»
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made use of in the tests. The briquettes were 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 as No, 5. It all passes
the 20° sieve, and about 60 per cent. is vetained 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 date of the commencement of the tests, until January,
1893, all briquettes were broken on a Fairbanks machine of 1000
Ibs, 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 test 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 the minimum section,
but on a line between the points of contact with one of the grips.

Since the above date a Richlé machine of 2000 lbs, capacity has
been used, In this machine the weight is constant while the lever-
age is varinble. The test picce is strained by moving the con-
stant weight out on a simple lever until breakage takes place,
when the breaking stress is read diwrectly from a graduated scale
on the lever, at the point indicated by a pointar attached to the
weight.  The grips ave 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 the grips,

The load has, in all cases, been applied approximately at the
rate of 400 lbs, per minute.

A list of briquettes to be 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 saume time of the
day as they were gauged.

The 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, 2,600, 6,400 and 10,000 meshes per sq. inch,
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The accompanying table shows the percentages retained on the
625 (25%, 2,600 (50%), and 10,000 (100°) sieves, the results given
being means of two tests for each cement. The same set 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
Fuaija’s hot water test. Two pats (about 4” x 13" x 3”) 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° Fahr.; consequently
the pats are subject to the action of a hot moist atmosphere, At
the end of 4} 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 test, two test tubes (6" x §”) 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 be noticed
after a considerable time, and this could be 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 pats, 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 generaliy corroborated one another. Any con-
siderable changing of colour to yellow has almost invariably been
accompanied by the cracking of test tubes or of pats in the hot water
test,

All the above tests have been taken into eonsideration 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 be 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%), and the Hunter, Taylor & Spoor
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\' fine (No., 16). These brands have their specific gravity, rate of
f i setting, and tensile strength neat, practically identical, while their
i i fineness of grinding and strength of mortar briquettes are differ-
i i ent. A true measure of the effect is not, however, shown, because
i the two brands were: tested with different proportions of sand, but
i the fine ground with three times its weight of sand has nearly
twice the strength, at twenty-eight duys, of the ordinary grinding
with only twice its weight of sand. 'I'he same tendency is shown
in the case of J. B. White & Bros, (No.5) and J. B. White &
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 4-10ths of one
percent. This cement, although unsound, and one of the poorest
brands of English Portlund tested, gives a mortar much stronger
up to six months than any other cement tested with thesame pro-
portion of sand.

Tests have been made on sand delivered on the works from two
localities, with a view to ascertaining the action of the finer parti-
cles in affecting the strength of mortar, The following table
gives a summary of the results obtained. It will be seen that
in all cases a loss of strength accompanies the inclusion of the
extremely fine particles,

TABLE SHOWING RESULTS OF SAND TESTS.

Sand tests with * Clover” cement. 7 days 14 days 28 days
Sand as taken from the pit. 76 120 239
Sand retained on the 20° sieve. 128 256 311
Sand retained on the 30° sieve. 153 253 260
Sand retained btween the 20* & 302 gieves. 160 245 247
Sand that passed the 30° sieve. 61 114 188
Sand tests with “ Burham ” cemeut.

Sand as taken from the pit. 125 116 131
Sand retained on the 30* sieve, 143 155 197
Sand retained between the 20? & 30 sieves. 151 129 172
Sand that passed the 30* sieve, 43 85 72
Sand tests with ** Schifferdecker” cement, )

Sand as taken from the pit. 135 151 162
Sand retained on the 30° sieve. 169 196 214
Sand retained between the 20 & 30, sieves, 153 184 188
Sand that passed the 30¢ sieve. 148 153 156

All the above tests were made with sand from Grand Cotean.
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Correspondence on Cement Testing.

Sand tests with ¢“ Schitferdecker ¥ cement.
8t. Regis sand (vot screened), 2 to 1. 181 197
Grand Cotean sand (not screened), 2 to 1, 149 163 172
8t. Regis sand (not screened), 3 to 1. 110 135 141
Grand Cotean sand (not screened), 3 to 1. 79 98 99
FINENESS OF SAND,
Sand On 20° sieve. Bet. 20° & 30°. Bet 30¢ & 50°. Passed 50%,
8t. 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 per cent. 30.0 per cent.
The accompanying table shows the results obtained from all
tests which have been completed, or 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
are manufactured, In the case of the German cements, howerer,
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.

The President. My, 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 and 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 wastraversed by the line of the eanal,
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 put into the kilns, to see 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, u very good idea was formed as to its fineness, The locks
and structures were generally finisled some years before being
brought into use, and as the cement was very slow setting even in
the open air, it had ample time to acquire full strength from age—
the locks 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 line of fracture passed
straight through the stone and cement. The masonry could not be
taken apurt 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, ete., 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 madeto remove the frost batter of
the walls by means of bars, This was found to be impracticable, as
the stone and cement formed a compact mass, which had to be
drilled and wedged off as if it had been a conglomerate rock.

Nevertheless, this same cement, which wasalso 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 wasnot time for it to set in the new 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 scen that in situations where the water
has to be 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
givoe 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. Soc, 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 state that Mr, Leedham
White 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
farther details,

Mr. Irwin said, that unfortunately he had not been able to rea! yir. 11, rrwin,
Mr. Smith’s paper at all as carefully as he would have wished,
but that there were a fow points he would like to discuss.

As to fine grinding, he thought that there could be no doubt us
to its value, On this point, and also on the question of temper:-
ture of the water used in mixing the mortar, some light might be
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
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powdered finely and put en masse into cold water, it will set sud-
denly into a solid lamp. This would seem to shew -that possibly
fine 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 particles 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 be wenker.

e thought that the difference in amount of evaporisation for
different cements mixed neat was not altogether unaccountable. The
strong Portiand cements probably were able to take up more
water of erystallisation, being composed of a greater proportion of
active ingredients, though the No. 3 Portland was not in line with
the others. However, a very extended set of experiments would
be needed, in conjunction with chemical tests, before any law could
be established from the evaporation of specimens,

He was glad to see that Mr, Smith agreed with his provious
statements as to the usefulness of natural cements for structures
nbove water except for winter work.

He thought also, that for rapid examination, a powerful micre.
scope would be useful, and had already alluded to its use,

He had 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} drachms of hydrochloric acid (B.P, standard), the cement being
first moistened with water. All the 6 samples tested filled the
acid completely with gelatinous siliea, the effervescence from car-
bonate of lime was very marked in some cases, and a strong Eng-
lish Portland bubbled up as much as a p.orer Canadian. Two
samples smelt strongly of sulphuretted hydrogen ; both of these
were poor,

The poorer cements all had a large insoluble residue, and the
only sample which gave a perfectly cicar jelly was a very finely
ground, strong, Danish cement.

An extended series of experiments in this line would probubly
lead to some useful results, especially if the proper proportions of
cement and acid were first determined, as tests of this nature can
he made in a few minutes,

Mr. Smith, in reply, wished toexpress his 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 be learned than from the paper itself. These dis-
cussions had brought up some points that might bear farther men-
tion,

Mr. Perley had referved to an insufficiency of time at the dis-
posal of men in practice, who wished to judge guickly of the rela-
tive merits of u cement. This certainly would be a serious objee-
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 would place the blowing test first ;
this, as far as evidence can be adduced, is o severe test of the sound-
ness of a cement to be used under water, and this test can be made
in 1day. The next tests should be those of fineness and specific
gravity combined, which can be both madein 1 hourat most; also
the times of set ean 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, althoungh the knowledge is in itself valuable ;
because, if these three are up to the mark, many experiments
show that the strength will be also. Surely twenty-four hours
with apparatus costing from $5 to $15 cannot be considered
very exacting,

Mr, Perley's remarks regarding the slaaghtering of inferior
brands of foreign cement on our markets should incite engineers to
be more particular in their specifications, and in actaally having
tests made. The day is past when the brand is asufficient guaran-
tee of quality.

The idea of shipping in bags is notnew. The American natural
cements are largely shipped in 75 1b, paper bags, and the Owen
Sound Portland Cement Co., if so desived, 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.

Asan nuthority 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 he over-estimates the variations in
results attributed to using different samplesof standard sand.  Theve
is one thing on which all countries seem practically agreed, i.e., that
this angular quartz sand, caught between 20 and 30 mesh sioves,
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has very littlo variation, and gives uniform results, 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 persq. inch is not one of
expense or difficulty, it is an endeavour on the part of the author,
at least, to determine the least load 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 only 3 or 4
Ibs. per sq. inch.

The question of hot water is a very serious one, for its use is
somewhat common umongst builders in cold weather, Since present-
ing this paper to the Society, the anthor 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 ls, 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 test, it will always be confined, in practice,
to the manufacturer. Apropos of this is Mr. Perley’s quotation from
a letter of the late Henry Faija, 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 we must really cling to something. It will not do to
tear down without building up. In what way are we to satisfy Mr.
Perley's demand for expeditious tests and Mr, Kerry's rejections of
two of those in most common use ? Fincness alone is no criterion.
It is necessary to specify either specific gravity or strength, It is
probable that either one of them, when coupled with fineness and
sounduness, 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-clayed as to be weak, which will
not fuse in the kiln before getting burnt to a density of 3.10,

Mvr, Kerry's ideas on hot water and salt water are not in accor-
dance with many tests, which, as Mr. Spaulding states on the
authority of W. W, Maclay, is injurious in the case of hot water
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which the author has verified, It would secem best to leave it
severely alono, whereas salt water seems to be actually a benejit,

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 Puris tested on
their flat was as follows :—1st sign of cracks, 1210 bs. 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 be useful to members of
the Society as embodying good practice ; but when Mr, Allison goes
into -~ ths in his determination of density, he is open to the
accusation of hair-splitting, for two determinations of this on the
same sample will vary as much as {5 and often more. Speaking
of the Faija mechanical mixer, the author has 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 eements, dealt with by the
President, Mr. Monro, seems 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.
Tuaovas Monro, President, in the Chair.

The following candidates having been balloted for were declared
duly clected as :—

MEMBER.

Jony Parrick O’DoNNELL,

As80CIATE MEMBERS.

Perer Ferranra, James Isaac Haverorr.

ASSOCIATE.

Hamsury A. Buppes.

STUDENT.

Bervarp McExtEE,

The following was transferred from the class of Associate Member
to the class of Member : —

Joux Locie Aruisox.

The following were transferred from the class of Student to the
class of Associate Member :—

Wx. Cuarres Peroivan Hearncore, WitLiam Murray Rewn, Erxesr
AvpErT 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.
Tuos, MoNro, President, in the Chair,
Paper No. 103,

A MICROMETER ATTACHMENT FOR THE TRANSIT
INSTRUMENT, WITH EXAMPLES OF I'TS USE IN SUR-
VEYING, LEVELLING, ETC.

By W. T, Tuomeson, A M.Can.Soc. C.E,

The accompanying photograph represents a 6 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 vertical angles between the limits of 0”.8 and 3 degrecs,

It consists of a metal box firmly attached to the vernier plate of
transit in a plane av right angles to the horizontal axis of telescope, and
containing a micrometer serew, 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 . ;;;th part of a revolution, and as each complete revo-
lution moves the nut N through ';th of an inch, the ' th part will
move it through the )y th of an inch, and as the length of the
clamping bar B from centre of axis to point of contact with nut N is 6}
inches, this will move the telescope through an angle of 07, 8, which is
the smallest that can be measured with this micrometer.

The index nut I is for rccording 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 toan inch, so that each turn of the screw carries the index
nut through one division ; thercfore, in making any observation, the
number of complete revolutions is read 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
sct at zero or any reading, and the telescope accurately set on any
object by the tangent T.

In measuring distances with this micrometer, the writer has used
for 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 verticality, with 3 targets, onc 5 links
from the bottom, one 10 links above this, and one at top of rod, giving
a clear distance of 2 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 black 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 cases,
] 1f a distance of say 40 chains be measured on a piece of level ground
[ or upon the ice, and 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 considcred to represent the
are which subtends the angle at the instrament, and this angle will vary
inversely with the radius or distance. Therefore at one chain the number
of turns of the serew would be represented by 40 n=N, If now the
rod be held at any unknown distance denoted by X chains, and the num.

ber of turns of the screw is observed = n’ then X:g where the

|
l base subtending n’is very small as compared with its distance from
the instrument, and the effect of differential refraction is assumed to be
| constant,
1 As, however, at different distances from the instrument the differ
| cence of refraction of the targets will vary slightly, it is necessary, in
| order to prepare an accurate table for reducing the observed readings
k to distances, to note the actual readings at each chain of distance from
; | 5 chains up to 40 chains, and interpolate the readings for differences
1] | of 10 links, The distances corresponding to any observed readings can
I | then be at once obtained by inspcetion. The condition of the atmo-
! | sphere at the time should be noted, and on different days, if one or two
‘ dista nees are chained, and the obscrved readings compared with those
!

: given by the table, we shall be able to apply approximate corrections
l 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-
Jeet glass and eye-piece must be very carcfully focused. It is also impor-
tant that the axis should be sccured with moderate pressure in the Ys,
and to obviate as far as possible the tendency to rise, the spring S must
be slightly bent so as to grip the stud against which it bears,

The telescope used has an objective of 1.5 inches clear aperture and
10.5 inches focus, and the eye-piece a magnifying power of 32 diame-
ters,

With this instrument and the 25 link target rod deseribed, dis-
tances up to 30 chains may be measured, with an error seldom excced-
ing § 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 engiveering 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 mens of making traverse surveys with great facility.

The method used by the writer is as follows : the instrument being
sct up on the shore of a river or lake, and either on one of ths survey
lines or at a point fixed in position with refercnee to the same, It is
curefully levelled, and the horizontal eircle reading for the north point
noted.  Then the rod-man proceeding along the shore holds the rod at
all points where marked deviations oceur, 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 are taken and the survey continued in the same manner.
T'he notes are 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
H.C.R. on N are not required.

"S*“,—“iﬂ.c.l‘-i H.UR'I]Azn{mlhh Mic lh-angn ubmunce\mmurku.l\}i
i P 8 — L | |

on N
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It is convenient to have the rod-man travel uniformly from left to
right, viz., 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 be culled O, then the points fixed from it may
be conveniently designated O, O,, O, ete,, Oto1: 1,1, 1, ete.
The reduced notes are placed in three columns, under the headings,
Station, Azimuth, Distance, and from this data the points 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 wuch less time than
would be required by the system of chained survey lines and offsets,

Regarding the arcas of the broken quarter sections, they may be
readily calcuiated 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 these areas is generally not
necessary, and in many cases the planimeter or some graphical method
will give sufficiently close results, cspecially when the shores are flat
and the water line subject to wide fluctuations,  The plot in all cases
being carefully made,

To determine differences of level and establish gradeson 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 gradienter) if we 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 we can now
prepare a table giving the number of turns required for various grades,
also of the rise or fall in feet at differect distances. These tables
should include the effect of curvature and refraction.

We also require a target rod consisting of two pieces sliding upon cach
other,as shewn inmargiv, in order that the piece carrying the targets may
be pushed up or down, so that the lower target can be set at the height
of the telescope above the ground, and clamped in position. The distanc:
between the outside targets may be five or six feet, and a table for
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reducing observed micrometer readings to distanees ean be prepared in
the manneralready deseribed,

We are now prepared for surveying and obtaining the levels and dis-
tances along any preliminary line,

The mode of proceeding will be as follows:  The instrument being
et up at the starting point of the survey, and carefully levelled, the
direction of the line is fised 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 oceur, 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 tarzet gives the difference of level by consulting our table,

We may also in open country obtain the dircetion, distince, and
difference of level of points on either side of the line referred to the
[nstrumental Stations, and without plwting any stakes exeept at
these stations, collect the necessary data for preparing a plan, profile
and cross scetions of the line, from which a location can be decided
on, which would then be ehained, staked and levelled in the usual way,

LT,

A very important use to which this attachment can be applied is the
determination of the Jatitude by measuring small differences of zenith
distance of North and South stars by a method somewlat similar to
that by the zenith telescope,

For this purpose a very sensitive spirit level must be attached to the
vertical elamping bar B in a plane at right anglesto the horizontal axis
of teleseope, and the bubble should be adjusted to read zero when the
index nut I is at the centre of the scale ; this level should read to say
37 for one mm space, so as to readily show a displacement of 3”7, The
time, azimuth, and approximate latitude may be readily obtaiued 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 magnitules, which culminate
as nearly as possible at equal distances to the north and south of the
z:nith, and within say 3) degre:s of it, differing not more than two de-
grees in zonith distance, nor more than say 30 minutes in right as

U
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cension,  The telescopo, it may be stated, is provided with a diagonal
eyepiece with powers of 30 and 60 for star work.

The observer should be supplied with a chronometer or wateh
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 eir-
cle, the vertical finding cirele set for the mean zenith distance of the
two stars and hubble brought to the eentre of its run by inclining the
teleseope. The latter will now be securcly clamped by the serew K, so
that’the relation between the telescope and clampiog bar B with its
attached latitude level will thereafter remain unchanged. The latitude
level will then be brought exactly to zero by turning the mierometer
serew, and reading of same noted ; the serew will then be turned to
the rizht or left, according as it is necessary to depress or elevate the
telescope, to set it at the zenith distance of the star, and when it
appears in the ficld, the horizontal wire will be sct upon it, and a
precise biseetion made when it reaches the middle wire ; the micrometer
reading will then be noted, the serew reversed and level again brought
to zero, the micrometer reading again noted and mean of the two
readings tuken as the true reading for 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 serew will inerease
the readings and zenith distanees.  If, therefore, we denote the read-
ing on the stur nearcst the zenith by m and the reading for level zero
for same star by i, , then the are measurcd by the micrometer is
represented by m, —m, and if we denote similar readings for the
other star by ey and m, ,, then the arc measured will be represented by
my —iigy; and the sum will represent the total ehange of inelination of
the telescope, or difference of apparent zenith distances = my —m +m,
— m, 1 Which must be reduced to seconds of are by multiplying by R the
pumber of seconds in one revolution of the serew ; this will be de
mined from observations on Polaris near its elongation, or by measuring
the difference of declination of elose stars at their transit over the
Meridian ; the value will vary slizhtly with the number of turns, and
should be tabulated for different intervals., Then using the value
corresponding to the observed interval, we shall have for the apparent
difference of zenith distance 4 (my —m + m, —m, JR” = (z = 2'),
in seconds of are, where z denotes the apparent zenith distance of

of northern star,

southern and =
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In the diagram lot P denote the North Pole, % the Zenith, EQ the
Equator, 8 the Southern, and 8" the Northern Star; S E and 8’ B =
sand 8" their declinations; Z 8, and % &, their true zenith dis-
tances == Z and 7', and » and »* their refractions.

Then denoting the latitude Z B by ¢. We have b= (s + 4)=
(s'- Z"). Therefore 2 =8+ & 4+ 4 —27 and sinced =z + »,
and 4’ ==2 <+ /¥, ioserting these values, our formula becomes
¢ = (x =t —_"' L= ) and inserting the value of

' as measured by the micrometer, the final formula is ¢ =

[ 8+ 8" 4 p=—p' ) ( My - moE o = m ) R” in

\ 2 2
which the sign of the sccond term is the same us that of (z — 2/),
viz., if the southern star has the greater apparent zenith distance it will
have the + sign, and vice versa.

By 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 wore than 30 minutes in R, A, nor more than 2 degrees in
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 wmicrometer work, and should
give the latitude within 3” or 4” by combining the results of several
observations,




Mr, G, W,
MeCready.

Mr, H. Lrwin,

DISCUSSION,

Mr. G. W, McCready said, on receiving a few weeks ago an advance
proof of “A Micrometer Attachment for the Transit Instrument,
with Examples of its use in Surveying, Levelling, ete.,” by W, T.
Thompson, A M, Can, Soe. C.E., he beeame interested in reading
Mr, Thompson's deseription of the instrument, and 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 wmeasuring very
minute angles, either horizontal or vertieal. The instrument which
the writer used was a good achromutie pocket-tclescope, with com-
pound eye-picee of about 5 or 6 iuches in length., Having this
firmly set up on a stand, for the purpose of making a close
inspection of objects on a distant mountain, he removed the eye-
picee, and again inserted it just so far as to have a hold within the
tube ; in which position he could move the outward end cither horizon-
tally or vertieally, 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 more being required to produce 1’
in the angle of sight. This led him to devise a graduated are,
with index and vernier, or micrometer arrangement,—not merely to
read the deflection of the eye-picce, but the exccedingly small angle
subtended by the distant object over which the sight appeared to move,

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 cau be made practically
useful.

Mr. . Irwin said he thought that it would be better not to attempt
any such fineness of measurement as an angle of 0.8” with a 6 inch
transit, this angle subtending only one-seventh of an ineh at 3000
feet.

He thought that all who have used a 6 ineh 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 scconds of are. e had a very heavy English six inch tran-
git, which worked more accurately than any instrament of its size he
had cver seen ;it was graduated to read to 20 seconds of are, and
always gave the same angle between two pickets, and ke thought it was
good enough to read to 10 seconds of are, but considered that that was
the limit of aceurncy for a 6 inch transit,

He said that no doubt the vernier of Mr, Thompson's micrometer
read to 0”.8 of are, but the crrors in his micrometer serew probubly
amounted to 2 or 3 seconds of are, so that it would have been better to
use a coarser micrometer serew 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 per
chain or one-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
feven seconds at 40 chaing, so that it would scem quite sufficient to
have the micrometer arranged to read to 5 seconds of are, and not to
attempt anything so fine as 0.8 scconds, He also thought that it was
useless to attempt to read a displacement of § 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 are 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 from moving constantly.

He thought that a bubble reading to 3” for one millimeter space or
about 9" to Lth 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 mivute angle is subtended by only
one-eighth of an inch at 4,000 feet.

He 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.

He thought that the weak point of all such arrangements lay in
having to shift the instrument in reading the two endsof the rod, With
stadia hairs this movement is avoided, and he would be 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.
rience in aceurate instramental work,



Mr, W. T,
Thompson,
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Mr. Thompson in reply said that the form of attachment deseribed
by Mr. MeCready was quite new to him,

In reply to Mr, Irwin he said that he was obliged to him for his
investigation of the instrument, snd that the limit of accuracy of the
usual form of 6 inch transit, as stated by Mr. Irwin, was in accordance
with his own experience.

He would, however, remark that the aceuracy of micrometer measure-
ments by the method deseribed depends upon the power of the teles-
cope and the steadiness of the stand upon which it is mounted, and
both these clements 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 construetion, being of the trussed
form, with a broad head upon which the three foot serews rest in
grooves, the distance between the bearing points being 5.6 inches, also
the instrument having only a single eentre has much greater steadiness
than one with a compound eentre, and the whole forms a very firm stand
for the telescope ; the latter also is much more powerful than those
usually employed, having an eye piece magnilying 60 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
twodivisions or 1”.6 in sighting on a fine terrestrial mark about 20 chains
distant. A star being a fine bright point of light without appreciable
dimensions, the wire ean be set upon it with much greater aceuracy 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 cqual to the lowest vernier reading of
micrometer, and this would be cffected by using an objeetive of ubout 2
inches aperture and 12 to 13 inches focus, so that magnifying powers
of from 60 to 80 diamcters could be 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 inoh are made with almost perfeet 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
secn on the scale; go 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 exeeeding -+ 0”.5,

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 thut 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 n 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 gradienter,
the divided head having a motion of rotation only ; the use of a vernicr
adwmits of very close 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,

legarding the use of stadia wires, the anthor has not had a very
extensive experience ; he has found them uscful for shore distances as a
cheek on the caleulation of triangualations where only a single distince is
to he determined ; but where a number of points are required to be fixed
from the same station, as in the method of traversing deseribed, they
would, in his opinion, b> unsuitable, as the rod man woull have to be
depended on to record the length of base ; he therefore thinks 1t prefer-
able to use a constant base, especially when the angle subtended by it
can be aceurately measured, which can be done with this form of micro-
meter, provided the pivots of the telescope are secured so that they
cannot shift when the micrometer serew is rotated,




Thursday, 29th Mareh.
W, l\'l-:ﬁxmn', Jr., Member, in the Chair.
Paper No. 104.

AN APPLICATION OF THE STONEY PATENT SLUICE
TO RIVER IMPROVEMENTS,*

By G. E. Rosertsoy, B.A,Sc., M. Can. Soc, C.E,

Awmong 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 fice, 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 & minimum,

Under certain conditions of river improvement it has 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 vapid, in an otherwise naviga-
ble river with a fall of ten feet in about a mile in length,

Referring to the sketeh, it will be seen a bank is formed on one side
of the river for the entire length of the rayid, to form a canal.

At intervals of about half a mile three pairs of gates are placed
dividing the eanal into two reaches. At cach end of each reach are
Stoney sluices connecting direetly with the rapid. A vessel ascending
passes through the fiest 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 cnters from the rapid, raising the reach to the
level of the water half way up the rapid.

The second pair of gates can then be opened, and the vessel passes
into the second reach, which is raised in a similar manuer by opening
the sluices at the upper end, connceting with the river at the head of
the rapid.

#* Sece plate 1.
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The third pair of gates can then be opened, and the vesscl 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 fow 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 cach 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 *Lo 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, the
adjoiniag reaches, providing they are not of too great an area, might
be broaght to the same level at suitable intervals of time by means of
these sluices, permitting the passage of vessels up or down without the
intervention of lift-locks.

Thursday, 11th April,
Tromas Moxro, President, in the Chair.

The discussion on Prof, Bovey's paper on “ The Strength of Canadian
Douglas Fir, Red Pine, White Pine and Spruce,” and on Mr. Smith’s
paper on * Cement Testing,” oceupied the evening.




Thursday, 25th April.
Jonx Kexneny, Past President, in the Chair

Paper No. 105,
THE BARRIE FLOOD OF 1890,
By WiLuis Ciieman, M,Can.Soc.C.E,

The town of Barrie is situated on the northwest corner of Kempen-
feldt Bay, an arm of Lake Simcoe, having a width of one mile opposite
the main part of the town, the depth at the centre varying from 50 to
100 feet, but inereasing to the eastward. The land to the north and
to the south rises to a height of from 200 to 170 fect, extending to the
west, forming a valley abont 1} miles wide, which continues to the
Nottawasaga River ; the highest point of the valley heing only 65 fect
above the Bay. Tkis valley may have been at some period in geologic -
time the outlet of Lake Simeoe. 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 drainaze 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
cirele one and one-fourth miles in diameter, the rim of which has an
clevation of 170 feet, that of the centre of the depression buing 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 Burrie was first laid 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 anl high gravel rilge extenling
westerly from Muleaster st, to Bayfield st.  After being eleared, 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 course was straizhtened
in such a way as to confine it north of the street, all the southerly
bends being eat off and filled up, The distance from Peel st. to Ross
st. is approximately 2,600 fect. For about hall of this distance the
bed of the stream was north of Sophia st. on private lots, nnd 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 Ross st. the stream flowed southerly 700 feet throuh the
town park, with a fall of 24 feet, then southerly and south-casterly,
crossing Park st., Moronto st., Elizabath st,, and Mary st to the Bay,
a distance of abyut 1,600 foet, with a fall of 11 feet,

In grading Clapperton st. the high gravel ridge was cut tirough
and removed to the full width of the street. Immediately west ol 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 sircam. About
1870 a timber drain 3 feet wide inside and 4 feet high was built from
the bay 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 repliced by an 18 inch tile pipe for 500
fect.

The top and sides of this drain were of three inch planking laid
longitudinally sund spiked to bents placed 33 ft. centres, The bottom
of the drain was of two inch planking. Each bent was built of four
picees of timber top and bottom 5” X 8”, verticals 5” X 8”, joints
halved and spiked. The planking was outside of the brnts, There was
no way ol 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, n 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 ruie being of superior con-
struction to the others.

All those street culverts and calverts on private property were of
wood, gencrally with sides of square timbers laid horizontally, rag-
bolted together or anchored bick at intervals in height to 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 part.

o

|w4|

With no town engineer to advise the town authorities, and with
immunity from dawage from flood for 30 years, the water conrze had
been neglected, the strect culverts had not been cleared out thoronghly ,
the open channel or diteh along the north side of Sophia st. had
become a dumping ground for old tinware, old boots, ete., 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, cte., be-
came lodged in the bends and irregnlarities in the private eulverts, at
points where they could not be seen.

During the first weck in June, 1890, the corporation labourers were
repairing some break in the old timber drain on Clapperton st., and
had an opening made in the strcet near Worsley st. for this purpose.

On Thursday, June 5th, 1890, the day of the Provineial Elections,
an unprecedented fall of rain occurred in the vicinity of Burrie as well
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as in different portions of the central parts of the Provinee of Ountario,
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 Hth, increasing in
intensity until 3 o'clock. The rain was accompanied by heavy thua-
der and lightning, and the town was in almost total darkness during
the heaviest showers,

At 2,150 pond of water had formed northeast of Pecl st., reported
as covering about 10 aeres,

This pond could not have been more than 500 feet in length, about
150 feet in width at Peel st., and about 6 feet deep at its deepest
point. From these dimensions it is evident that the pond eould not
have covered 10 acres, but it may have covered three, and the averaje
depth could not have been more than two feet.

It is more than probable that the Peel st. culvert beeame blocked,
us the water rose nearly or quite to the surface of' the roadway. The
roadway broke away about 2.20 p.u., 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 230 the stream overflowed Sophia st., for nearly the total
distance between Owen st. and Buyfield 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,




322 The Bavrie Flood,

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 places from
curb to curb from Worsley st. to the bay, the depth at Worsley
st. being 16 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,

Upon reference to the plan, it will be  seen that Clapperion st. is
2 or 3 feet lower than Owen to the east or Bayficld to the west, also
that the fall from north to south is much greater than at right angles,
The gravel ridge befiore mentioned formed wing walls to coneentrate
the flow down Clapperton below Worsley, The streams down Bayfield
and Owen also did some damage by filling basements and eellars;, 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 feet distant,
the inelination, therefore, being 1 in 20, and unifcrm.

It is not surprising that a panic ensned mmong the children and
teachers. The darkness, the lightning and the swlden invash of a tor-
rent of water at that height above the bay woull be sufficient to make
any heart quail.

The children were rescued by the tire department with some difficulty,
as the velocity of the current was such that the smaller children could
not in their frightened condition make headway sgiinst it,

On Clapperton st. below Worsley the greatest damige 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 destzoyed, but nearly every trace of it was
removed, and the debris washed into the bay. The depth exeavated
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 Dunlup st. the flood
mark was fully 3 fect above the sidewalk.

From Sophia st. to Worsley st, the surface inelination of Clapper-
ton is 1 in 100 ; Worsley to Collier1 in 25 ; Collier to Dunlop 1 in 50
and below; Dunlop about 1 in 50,

A stream of water a foot deep, 66 feet wide, and flowing down an
incline of 1 in 50, would be cousidered a large stream. Clapperton
st. proper ends at Dunlop, meeting Bayfield at an acuteangle. The
foree of the stream struck the west side of Bayfield helow Dun lop, com-
pletely demolishing one rough east house, from which the occupants
barely escaped with their lives. The total quantity of earth removed
from Clapperton st. by the flood wus 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 forsome time,

Great difficulty was met with by the writer in secaring satisfactory
detailed deseriptions 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 eye-witness:s, varied most unaccount-
ably, and the reports in the newspapers were of little value except in
itemizing the damages done,

The following facts are, how ever, to be relied upon:

1. The rain began early in the aftzraoon, the heavy rain beginning
at 2 o'clock.

2. The pond above Pcel st. broke away between 2,15 p.m, and
2.30 p.m.

3. The culverts between Bayfield and John became blocked, caus-
ing the stream to overflow Sophia st. about 2.30 p.m,

4, Very heavy rain 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 banks on Sophia st. until
5 p.m., if not longer,
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7. Dunlop st. and Collier st. were flooded from Clapperton to
Owen for two hours,

8. The pond formed above Peel st had an arca of about 3 acres,
with a maximum depth of 6 fect.

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 mot
exceed 1,000 acres ahove Peel. The average slopz of the sur-
face of the ground in this arca towards the lowest pointis 1 in
50,

The following is the reported rainfall for the 3rd, 4th, 5th and Gth
June, asgiven by the Head Master of the Collegiate Institute, who had
for mny years acted as observer for the Meteorological Department :—

Tue. 3rd.Wed. 4th. Thur, 5th.Fri. 6th.
98

Temperature, Max......o vees T
“ Minoveesie sovoen anes 62
Rainfall,inches .ceese cersvevrsenes.  0.54 1.24 2,90  0.05
€ duration.s ceseve sosas eeees 2hrs 6 birs S5hre 4 hr

In 4 days, rain full to the depth of 4.73 inches.

The observations were 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, ¢ 1.45 p.m. to 2,15 p.m. 41"
% 215 « “ 345 0"
B0 338 ™ 43"

The rainfall as above given was determined by measuring the depth
collected in open vessels, barrels, pans, ete,, within or near the flooded
district,

It is probable that between 1} 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 st. were flooded from Clapperton to
Owen for two hours,

8. The pond formed above Peel st, had an arca 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 6th
June, as given by the Head Master of the Collegiate Institute, who had
for many years acted as observer for the Meteorological Department :—

Tue. 3rd.Wed. 4th. Thur, 5th,Fri. 6th.
ol 62
. 0.54 1.24 2,90
vees 2hrs 6 hrs 5 hrs

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 casterly from the town hall, the observer being furnished with an
ordinary surface rain gauge.

The rainfall, as reported by a corporation employce, 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, bth June. ¢ 1.45 p.m. to 2,15 p.m. 41"

S 216 « “ 345 ¢ 0”
245 ¢« 315 “ 43"

The rainfall as above given was determined by measuring the depth
collected in open vessels, barrcls, pans, ete., within or near the flooded
district.

It is probable that between 1} 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 bat little rain on Thursday,

The distance from the centre of the drainaze area of the stream to
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Clapperton st. is 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 %
feet or more than b 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.
filling the street.

2. Btraightening and enlarging the channel of the stream below Pec!
and diverting it from private property where possible,

3. Raising the roadway on Sophia st.

4. Constructing culverts of uniform cross-scction straight from end
to end, and all built to grade.




Mr.H, Holgate

DISCUSSION,

Mr, Henry Holgate said that for some time previous to the above date
he had 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} inches in three hours, The speaker, however, is unable to’say
what the fall was during avy 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 trecs,

Should further proof be sought of this extraordinary rainfall from
the Meteorological Office at Toronto, he would suggest thatat the same
time the records of rainfall for Sept, 17th, 1879, within the distriet
from Barrie to Toronto be procured.

Sce clipping from Northern Advance of M»y 9th, 1895, as to
repetition of rainfall, though not so severe as in 1890 :—

*“ NEARLY A DELUGE.

“ History repeats itself, and so dofloods, Barrie came near having a
“ repetition of the flood of June 5th, 1890, Between b 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 ereek was filled beyond
‘‘ the capacity of the culverts to carry the water away, and so flooded
““the low lands in its coursz, The uld 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 strect, flooding the basement of the
« Klizabeth street Methodist church and completely filling the cellar of
“Muvs. Hind's store, covering Mr. Seroggie's property and lower part
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““of the Water Works grounds, The culverts near the railway track
“‘becume choked with driftwood, cndangering the railway track. One
“half hour's more rain and we should have had quite as disastrous a
“flool as the one in 1890. Sophia street creek oyerflowed the bank
“ pear Bayfield street, the water running through the block to the south.
‘“It is quite evident that the culverts are not large enough for an
“ emergency such as these storms. The culvert at the corner of Sophia
‘“and Bayficld streets is manifestly defective, The entrance should flare
“s0 that the drain may do all that is required of it, but it is much
“narrower at the entrance than the ereek 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 : ME: W. Ghips
In refercnce to the rainfall, there is nothing inconsistent in the fuct "
that the quantity observed in the flooded area in 1890 was greatly in
excess of that recorded § 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, Soc. C.E, on Rainfalls and
Discharge of Sewers, Trans. Am, Soe, C.E., Jan., 189‘). the following
recorded rainfalls are given:—
Amount  Time
Place. Date. ininches. hrs. min.
Washington..es covevr aan - 1872 L60 . 100
Boston 1888 . 30
St. LOuiSsseses o 1884 505 13
Providence.ceeee aovvee vese 1878 A9 100
Rudolph Hering, M.Am, Soc. C.E,, in discussing the Paper gives
the following :—
Amonnt Time
Place. Date.  in inches. hrs, min.
New Lake, Mass, 1878 6.50 200
New Brunswick, N.J....... 1887 1.50 100
Auburn, N.H.... 1877 3.00
Grace, Ohio 1883 7.00
Cresco, Towa s 1883 4.30
Des Moines, Towa - 1879 3.00
Clear Creek, Neb....soo..... 1880 4.80
Dodge City, Kan... ¥ 1888 3.24
Galveston, Texas . 1871 3.95
New Market, Alabama..... 1888 4.80
Greenville, Tenn.coevs .ovuen 1885 2,60




. Discussion on the Barrie Flood.

Amouut  Time
Place. Date.  in inches. hrs. min,
Embarras, Texas..... 1881 2.30
Galveston, Texas....... 1873 3.60
Keswick, Va.... 1881 2.00
Norfolk, Va....eu ... v oh onap 1888 248
Elsworth, N.C.....ovuvus 1880 9.00
Aikene, 8.C.0us 4o0e 1878 4.00
Jacksonville, Fa..ooviuuians 1873 372
Biscayne, Fa.ovase covsruaes 1874 4,10

In regard to the flood on Tuesday, May Tth, 1893, the prescnt
Town Engineer, Mr. Ardagh, writes that the registered rainfall was
1.4 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 fect in length with
roots spreading to 7 feet in diameter, It is stated that the flooding of
Sophia Strect at Bayfield was not caused by any accumulation of
debris, but the evidence is not conclusive, The new eulvert at this
point constructed in 1890 has more than double the capacity of the old
culvert, and more than three times the cross-scctional area of the old
culvert on John Street.

I Barrie the matter of first cost determined to a certain extent the
size of the new culveris. The professional literature on the proper
sizes of culverts is scanty.

Given a watershed as deseribed in the paper, is a calvert with a
upiform cross-section of 35 square feet with a grade of 0.66 per 100
eonsidered of sufficient size by the Engincering profession ?

Thursday, 9th May.

Taomas Moxro, President, in the Chair.

The discussion on Mr, Chipman's paper on “ The Barrie Fiood of
1890,” and on Mr, Thompson's paper on A Micrometer Attach-
ment " occupied the evening,




Thursday, 23rd May.
P. Arex. Pererson, Past President, in the Chair.

The following candidates, having been balloted for, were declared duly
elected as :—

MEMBERS.

Evwarp Z. Ducnessay, Evwarp Hexry Kearixe

Ass0CIATE MEMBERS.

Joseeu P. B. Casanaix, ArtHUR CRUMPTON.

STUDENTS.

WitLian F. Axcus, Hven C, BAker,

Harrie MiLes Dissree, Avex. R, Grelg,

ArcHiBaLp MoGILLIVRAY, Kexvern Moobik,

Samesox P, Rosixs, Roserr P. Rocers,
Jony Kimpary ScAMMELL,

The following were transferred from the elass of Associate Member
to the class of Member :—

Jonx Seasvry O’'Dwyer.

The following were transferred from the class of Student to the class
of Associate Member :—

Rosert Biokerpike, JR., Georce Hexry Ricnarpsox.




Thursday, 23rd May.
P. Ave:. Pererson, Past President, in the Chair,

Paper No, 106,

SPECIAL TRACK WORK FOR ELECTRIC STREET RAIL-
WAYS, ESPECIALLY REFERRING TO THE MONTREAL
AND TORONTO SYSTEMS.

By E. A, Strong, MaE,, AM, Cax, 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, other motive powers
have been tried to take the place of the horse, such as gas and com-
pressed air motors, cables, eleetric 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
are very expensive, apart from the actual cost of the new track work, as
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traffic is interrupted, causing great inconvenience and sometimes loss of
business to the public, and generally demoralising a whole route of cars,
and sometimes tho greater part of the entire system, Special work
should be made in such a manner as to cause the least possible obstruc-
tion to vehicles, no part rising above the level of the paving niore than
is unavoidable; the necessary recesses, grooves, ete,, should be as narrow
and shallow as possible, to prevent swheels of vehicles from catching
Flat surfaces should have a rongh top to prevent horses from slipping
upon them. All pieccs should be finished so as to facilitate the paving,
no long, unnecessary projections being left on bolts, ete, The curves
should be of as great a radius asthe width of the streets will allew,
The sharper the curve, the greater is the wear on the track and whecls
of cars; the slower the rate of motion, the more power required to drive
the cars, the morc uneven the motion and the greater liability to de-
railment,

The track may be laid on longitudinal stringers, on cross ties, or
dircetly on concrete with tie bars connceting 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 mony respec.s 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 heen laid, the
rails have been laid directly ov concrete, and bound together by flat tie
bars with threaded ends and double nuts, This, with the conerete be-
tween the ties, and paving, makes a very solid bed ; however, it does
not seem to huve so much elasticity as track laid on ties in macadam.

The rails used in Toronto and Montreal are *“ Girder ” rails, Those
first luid have a height of 64 in, with a flinge of 4} in,, while those
laid later are 6§ i, high with a flange of 5 in. The web of the rail is
not directly below the centre of the head as in the “tce " rail, but nearer
the gauge line, while a flangway 1} in. wide at the top is provided for
by a projecting lip. These rails average 75 Ibs. per yard. This type
of rail (Fiz, 3) is used on all straight picces and outside railson curves
in the special work. The inside rails are 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 5-16ths in, above the level
of the head of the rail ; this provides an cfficient guard for the cars in
running round a curve, the groove is } in. wider than in the ordinary




332 Special Track Work for

givder rail. This rail weighs 84 lbs. per yard, (Fig. 4.) Aunother
section (Fig, b) is, however, coming into use, and will no doubt largely
replace these scctions 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 flinges and treads of wheels rest ‘on the metal, so that the
cars 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 seetion ; the head
having received the least amount of rolling proportionally and taking the

STRINGER RAIL.  STRINGER GUARD RATL.

A o ran 4
GIRDER RAIIL GIRDER RAIL
ORDINARY SECTION, GUARD SEOTION,

-

.

'

Al

b

¥it. b, Flu. b,
GIRDER RAIL TEE RAIL

SOLID FLOOR SECTION, B LB,

longest time to cool is not so tough as the web and flange.  Tests 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—T75 per cent. of tensile strength.
Elongation on 4 in.—3%4 per cent. ; reduction in area—2 per cent.,
with an even and uniform whitish gray fracture, moderately fine grained.
Web :—Tensile strength—91,250 Ibs. per &q. in.
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Elastic limit—75 per cent. of tensile strength,

Kl vigation on 4 in.—27 per cent, ; reduction in area—20 per cent.,
with a fine grained light gray fracture,

The nccessity 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
car averagesabout 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, electriccars frequently have a speed of 15 miles per hour.
Tee rail (56 1bs.) is also used largely for this work, but 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 as efficient. (Fig. 6.) The girder rail being so high
admits of block paving, and by the lip on the inside provides a good
edge for the pavers to work to, whilst the narrow groove offers o very
slight hindrance to vehicles,

In tee rail special work, the inside rail on curves is generally guarded
by a second rail being bolted to it, the two rails being lield apart by
cast iron filling picces ; the space between these 1ails is afterwards
filled with cement to within an inch from the top, so s to cause as
little obstruction to traffic as possible. The guard rail is slightly elevated
above the running rail.  Frequently rails are used in paved streets of
insufficient height to admit of a paving block between the tics and the
head of the rail ; when this is the case, the differcncein height has {o be
made up by the use of chairs, This leads to rather 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 respeet
to its use and its position when in place, viz. :——intersections, passing
sidings, crossovers and turnouts, and misccllaneous combinations,

1. Intersections.—By the term interseetion is meant the special work
placed at the intersection of two or more streets, and mway assume an
alwost endless variety of forms as regards number :nd direction of
carves and the alignment of the muin tracks. The work must be so
construeted as to guide the cors in whatever direction required, with-
out any other extcrnal assistance than the moving of the tongues 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 uncvenly, the floor should be
raised 80 as to give a bearing on which the flan ses may run.  On double
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track lines the distance between tracks is usually from four to five feet,
but io order that cars may pass one another on the curves, and not be
obliged to wait at the ends, this distance is inercased to about seven or
cight feet to provide ample clearance, This extra width is obtained by
striking the curves from different centres, i.e., the curves are not conéen-
trie. The practicc in Montrcal 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 strect
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changes direction, or has a “ jog” at the intersection, necossitating a
plain or reverse curve on the through tracks, the complications increase
very rapidly.

2, Passing Siding.—These are used on single track lines where
cars run in both dircetions ; they may be divided into two classes, viz.:
diamond and thrown-over sidings.

In the diamond siding (Fig. 8) the track diverges like a Y at
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¥ia. 9.
THROWN OVER SIDING,

either end, so that the centre Jine between the tracks in the siding is on
line with the ccntre line of the single track ; this is the form usually
adopted on single tracks running through narrow streets, If it is
desired that cars +hall run either to the right or left at these points, the
switches of the sidings must be provided with movable tongues ; but if
the cars always run in the same direction, they may be guided in the
direction required by a movable tongue held to the proper side by a
spring, so that a car facing a switch is alwuys guided to the same side,
and a car trailing it compresses the spring, and passes on, the tonguc 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 mcans 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 Fig. 10, If the cars always
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run to the right (as in Montreal atd Toronto) the switeh is made left
hand, i.e., 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 switeh (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 Ly 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, as it is the simplest, most durable, and causes lcast
delay to the cars,

In the thrown-over siding (Fig. 9) one track is continucd straight
through, whil-t the other is thrown over to «ne side of it ; thie is suit-
able for single track lines on a wide street, orin places where the track
is on ove side of the street. If cars are to be run to either side,
Switches with movable tongues are necessiry ; but if the cars always
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keep to the same side, the tongues must be 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 has 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. (Sce Fig. 11.) The

radius for the curves of pussing sidings in Montreal and Toronto is 300
feet to inside gauge line.
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¥Fig. 11,
THROWN-OVER SIDING WITH BL'ND SWITCHES,

3. Crossovers and Turnouts,—Crossovers (Fig. 12 ), sometimes
called connceting tracks, are used on double track lines for the pur-
pose of transferring cars from one track to the other, and conse-
qrently arc placed at the terminations of regular rontes and at points
which are made temporary terminii to accommodate special traffic. .

Turnouts (Fig. 13) are uscd 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 erossovers and turnouts, as well us 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 60 feet between extreme ends of switches.
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Crossovers and turnouts are said to be cither left or right hand, aceord-
ing to the direction in which they curve from the track, as seen fiom
the switch when looking towards the eross,  Fig. 12 shows a right hand
crossover. If a crossover of either haod is suitable at a certain point
of the line, one of the same hund ss the side to which the cars run
should be chosen, i.e., right hand erossovers are preferable for systems
on which the cars run to the right and left hand, on those in which the
cars keep to the lelt ; this is on accouat of the fuct that cars running
always to the right will trail all switches 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 course
in the second, and accidents result,

In addition to permancnt erossovers it is always necessary to have
temporary ones during construction, which are laid directly on top of
the paving wherever required.  These are so constructed as to be easily
and quickly laid in place and readily moved frow one part of the linc
to another by a small gang of men.

4. Miscellancous Combinations.—Besides the work already men-
tioned, there ure several kinds of diamonds made to fill various
requiremcnts; there are also special combinations for ear louses, cte,
The simplest kinds of diamonds arc those used where cleetrie lines eross
electric lincs, and only require the running rails, Wlhen an cleetric
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 plate.

SUB-DIVISIONS,

Intersections, cross-overs, ete., are composed of several pieces, which
may be divided into the following sub divisions, viz. :—Tongue switches
(single aud double curve), blind switches, mates (single curve, double
curve and combination), curve crosses (single eurve, double curve and
eombination), diawonds (for electric and steam erossings), split switches,
stub switches and lengths of ruil (curved and straight), (See Fige. 24
to 32.)

1. Tougue-Switches—The tongue switch is perhaps the most
important piece in any combination of special work, as it is subjected
to greater und more frequent shocks than any other piece, its duty
being to change the dircetion of the car’s motion from one lin: to
another, When made of girder rail, it is constructed of the guard rail
section to ensure the perfect guidance of the wheels. When made of
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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 gencrally consists of four main parts, viz.:—the tongue, a
casting and two piecesof rail. The tongue is made of steel, and should
be of a substantial size, having u 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 go 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
befire the back wheels have reached the point. If the tongue were
made o long that the distance from the centreof 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 fustened 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 traly
even, as, ifnot, dirt will cellect 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 are those curved only on one side ; double curve switches
are curved on both sides, (Figs. 24, 25 and 29.)

2. Blind Switches.—'The blind switch is used in place of the tongue
switch where ears always run off the curve at that point and never
enter it, It closcly resembles the wate in gencral 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 struight track which acts asa gauge
line, to make it practically impossible for the car to cnter the curve,
(Fig. 30.)

3. Mates.—The mate is the piece opposite the switch, on which the
wheels of one side of the ear ran while the wheels on the other side
arc being pulled around by the switch ; its sole use is to provide a
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surface for the wheels to run upon, and has nothing to do with the
chunge in direction of the car’s motion. It is made of two pieces of
rail, and sometimes there is a casting. One picee of rail extends over
the whole length, and is straight if for a single curve mate, and curved
if' fora double curved mate ; the other picee is shorter and always
curved, the head terminating 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 uponit. The width of the point skould
not be less than 3-ineh, as if wade sharper it will wear to this, In
girder rail the solid floor scetion mukes the best mate, as it provides a
wide floor for the wheels to roll upon, and the depth of the floor below the
head of the rail being less than the depth of the flange of the wheel, it
quickly wears o as to provide a double bearing for the wheels, o thas
the point is passed without the wheels dropping heavily upon it.  If the
mate is not made of the floor scetion, but of the ordinary girder rail as
uscd on the straight track, or if of tee rail construction, a steel casting
is necessary to carry the wheels over the point from the long rail on to
the short one. This casting is more cfficient if carried up on the inside
to provide a guard ; for in case of thegauge being too slack, the tongue
may have a tendeney to jerk the ear off the track. This casting must
project considerably inside the gauge line of the short rail, the path of
the rear wheels on a truck not coinciding with that of the front ones
but lying about 3-inch inzide, as may be clearly seen on any worn mate.
(Figs. 26 and 31),

4. Curve Crossess—Curve cross is the name given in this work to
the piece corresponding to the frog in steam railrcad work ; it differs
cousiderably from the frog, however: one, at least, of the rails in a
curve cross is generally curved to a very sharp curve, whilst the frog is
straight on either track. The frog has wing rails, and a wheel crossing
a frog runs from one picce of rail across the channel on to another rail,
whi'st in the curve eross a wheel generally runs the entire length of the
c10ss on one piece of rail, the channel for the flanges being shaped out
of the head of the rail. According as onc or both rails are curved,
the cross is said tobe a single or double curve cross, (Figs. 27 and 32,)

5. Diamonds,— Diamonds are made in various ways, according to
the requirements they are to scrve. A simple single track diamond
for the crossing of two clectric lines consists of two main parts, cach
part being made of five pieces of rail, one long picce with four short
picees butting up sgainst it, two on each side ; the long rail is usually
made to form part of the track on the street having the greater amoung,
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of traffic. When an eleetric road crosses a steam road, the diamond
is usually all made of tee rail, of the sume section as the rail
of the steam road. If the rails of the stean road are not to be cut,
the diamond is made in three parts (Fig, 28), two outside and
one inside the steaw track, the whole being so constructed as to lift the
street car before reaching the rails of the steam track on to the flanges
of the wheels, and running across on them to the other side, and then
dropping gradually to the ordinary level again, so that the only place
where any jolt can oceur to a car while crossing such a dinmound is
when it crosscs the channel of the steam track rails, notwithstanding
the fact that the rails of the steam track ure not cut to the smallest
extent to provide a passige for the flanges of the street-car wheels.

6. Split Switches,—Split switches are used to a comparatively small
extent on this class of work, They are more espeeially adapted to
suburban traffic where tee rail is used, rather thun erowded thor-
oughfares of cities. They are especially suitable where cars always run
to the sume side, when the switeh may be made to work automatically
by means of a spring, and in this way they have been found very sutis-
factory. .

7. Stub Switches.—~Stub switches are suitable for yard purposes
and sidings only occasionally used ; they are cheap, which is always a
point in their favour. The use of a stand prohibits their usc in city
thoroughfares.

8. Lengths of Rail.—Rails for all special work should be accu-
rately eut to the required lengths, and carefully bent to the proger
template if for use on a curve, or accurately straightened if required
for straight track, If part of a rail is to be straight and the remainder
curved, the rail must not only agree with straight edge and template
for the required lengths, but it must be tested, to determine whether the
straight part is tangeut to the curve, for if not, the piece will not fit
correctly when pliced in the work of whieh it forms part,

THE DETERMINATION OF NECESSARY SPECIAL WORK,

Having laid down the routes of any strect railway system necessary
for the accommodation of the present traffic and that of t: 2 near 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, as the
addition of a single curve to an interscetion in some cases necessitates
the reconstruction of the greater purt of the whole intersection.
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BURVEYS.

A careful survey must be made of the intersection of strects requir-
ing special work, and all measurements of lines and angles taken which
are uecessary to plot with the greatest accuracy the centre lines of the
proposed tracks together with the street and curb lines,

PLOTTING.

These measurements are plotted to a suitable scale (say 10 feet to
linch), and the most suitable radii for the required curves determined,
which are usually from 40 to 75 feet radius (45 and 50 ft. 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
eurves is about 80 ft., it will be seen how limited the space is in whizh 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 cach end and
meets all practical requirements. Any further steps in this direction
would seem to lean towards “ hair eplitting.”

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. C.E. 1878) The Manhattan Elevated Railway in
New York city has carves of 90 feet radius,

There should be, 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 he done, the rail should
be at about two feet from the curb stone at the corner, for if at say
four feet, the. . would not be sufficicnt room for a car and veliicle 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 wiceration of a
radius, combination pieces of eomplicated construction and of an unen-
durable character may often be avoided, The radii having beeu fixed,

w
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the gauge lines alone may be laid down to a large scale (say 4 feet to
1 inch), and the caleulations proceeded with.

CALCULATIONS.

The data on which the caleulations are 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 are 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, @ (Fig. 15),
is given by distance between P.C.'s, « = (gauge + central dis-

centre angle,
tance) tan— -—T—l"—‘-

It the radii are equal, but the central distances on the two streets
are unequal, the distances required may be found as follows :—

FIG. 14,
Let @ = gauge, (See Fig. 14.)
“ Dy and D, = central distances.
“ a = angle of intersection.
Since the radii of the inside and ontside curves are equal, the tan-
gents (for the same angle) are equal,
=, distance between P.C.'s = distance between apexes,
(both measured parallel to gauge lines)
coa= (G +Di)coseca + (G+Dy)cota
b= (G+D:) coscca+ (G+D,)cota
c=(G+ D )coseca— (G+Dy)cota
d= (G + D) cosec a— (G + Dy)cota
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When both the central distances and radii vary, the distances be-
tween P.C.'s are found by adding and subtracting the lengths of the
tangents, 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 interseet the straight gauge lines are
vext found ; this may be done by either of the two following methods ;

Taking Fig, 15 with distances as marked.

F10. 15.
1st Method. Consider the point A,
Hy = (B +G)}— F;
=Jy2@HR +&

. e V2GR +G2
oy = i (T )

Similarly for B, 'H, = VR — (R:s— D — @)*

sin ay = 2

Vit — (B, — D — @)
. Gy = sin "( clhkn y )l)
¥ = 2
andso_on for other points.
G @
2nd Method.—For 4, vers a,=R, + G .. a, = vers l(m)
H, = R, sin a,

For B, a,= vers ( D"'TG)
]

Hy=R, sin a
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Similarly for other points,
At a distance s, the spread w =23 sin% (see Fig, 16), which is

FIG. lu,
the distance between two points at a distance s from the interscotion
point, one on the straight gauge line and the other on the tangent to
the curve at the intcrsection point.

The straight lengths of the figure (Fig. 15), i.e., the distances along
the straight track between the points 4, B, etc., are found by means of
the lengths H,, H,, etc., and the distance between the P.C\'s. The
arc to any point from the P.C. isgiven by : -

are = radius x *em. a.

8o that the curved lengths, i.c., the distances between the points
D, B,~ F, E, cte,, are found by tuking the differences between the
arcs to these points ; while the distances beyond A, B, ete,, to the other
end of the curve are found by takius the differences between the total
lengths of the curves and the ares to these points.

The following tables have been caleulated by means of the preceding

formulee :—
Radius of inside gauge = 45’ 0" Radius of inside gange = 50' 0",
Gauge = 4' 8}”. Central distance = 4' 0" mego— 4’8}, Central dist, =4' 0"
points | Angleat | Angle at
vone| e | 8802 [ rom s | e | 2288 g rom | prng
Fig, |n P.C int i reet. |if P, C. | t i
i |tece. [y are o) Pl | owo feet. | TRl G by arcto "" cot. 'l"’o foe.
A& F| 21.117 | 26° 08' | 21.812 | 107," || 22.204 | 23° 57" | 22.863 948
B | 26.607 | 36° 156’ | 28.467 | 14 g" 28.196 | 34°20' | 29.995 | 14 L
C | 33.968 | 43° 06’ | 37.896 | 17 35,880 | 41°00° | 39.144 | 16 K'
D | 18,5647 | 24221’ | 19.116 | 10§" 19.596 | 23° 05 | 20.137 9"
E | 28.105 | 34° 26" | 29.870 | 144" || 29.614 | 32° 46' | 31.293 | 135"

When the intersection has curves branching in both directions, as
shown by Fig. 7, the points where the curves intersect as K, L, ete.,

¢.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. (See Fig 17.)

ILs ~
é/"*‘fT o
‘_,,_‘ —— b —
S 17
Let R, = radius of curve with upper . C.
“ R= 4 “ % lower P, C.

a = distance between P. C.'s measured parallel to gauge lines,

o “ centres “ perpendicular ¢ = «

“ o= o “ 4 “ in a straight line.

““ of intersection point® from upper P. . measured

parallel to gauge lines,

“ @ = angle between a line perpendicular to gauge lines and line

joining centres,

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 are between lower P. C. and
intersection point.

“ T'= angle at centre subtended by arc between upper P. €. and
intersection point.

1st Method :—a* 4 y*= R".

Ly=yVRI=z*

(z +a)*+ (b-y)* =Ry

s+ 2z +a’+ b -2 /R, =2* + R~ ' = R}

b=

T =

Q
n

which becomes
42" (*+b") +4 az (@’ + '+ R - Ry) =R} (2b'- R~ 24*+ 2 R)
+R}! 2a*+ 26~ RY) =¥ (*+24a") ~a*

e bk e

At e | il

Aty
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Corollary. When R, = R}= R
1
then * + ax = 47‘?:?){ b (4 Ifg—b' —20-') -u‘}

These formula are very laborious to use in practice ; however, as
in the majority of cases R, = R, the ocorollary is the more frequently

required.
Having found @, the angles Baod 7' are given by
gin B= S’R‘:_“

¢ @
sin I'= ——
Ry

T
and the spread at'a distance s = 2 s sin (B: )

These formul apply also when the two curves branch off in the same
dircotion, with the exception that the spread is given by

(spread = 2s sin =8 (see Fig. 18.
P 2

/,,l
> =t
%.‘,_ Al
\ 1
—

- —
“p 18

2nd Method :
a
tan 6 =3

1'=.-hse(‘0

B=L+0
B+ T,
2

spread = 2s. sin (
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Corollary, When By =R, =R
then U=1L
2

seoU:secL:T

spread = 2s sin U

When two curves branch ia the same divection (Fig. 18) the above
applies with the following exceptions :—

T=180°-(U-8)

and spread = 2s sin (T :, B)

-

Having fixed these poiuts, the straight lengths ave 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 meaus of the
tangents. T'he ares to the interscetion points of the double curve
erosses are given by :—

For are to intersection point on eurve with upper 2.C,,

arc = R!' e, T
For are to intersection point on curve with lower P.C,

are = Ry eams B.
so that the distances along the ares between the points are given by
taking the differences between the ares.

In Fig. 7 it may be noted that when the radii of all the curves are
equal, the angle @ for the points , N, O and P = intersection angle
~ 90°,
that for the points K, L, Mand P; — R, = R,

" & “ L, N, Oand P; — a, b and consequently @ and ¢
are the same,
that the angle U for the point V = the angle Z for the point O, and
vice versa.
that LN=LO,NU=0OROP=NP,andPT = PS5

The following table has been caleulated by the preceding formulae
from the following data :—(refer to Fig. 7) Dy =4'9" D, =4
0”,a = 86° 33, gauge = 4’ 8", radius of inside gauge linc of all
curves = 45’ 0”,
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|
. Angle at centre |Angle at centre
Points ?::(mn:]‘;,ul'lr subtended by | subtended by | Spread at
(Fig. 7). P.C. (zp; | arc branching | arc branching 2 feet.
sweRne to left. to right.

5.313 24° 21’ 6° 08’ 12§

K

L 10,394 20° 15' 130 21° 13}
N 18106 | 16° 17 19° 50' 144"
N | 1680 290 19/ 19° 49 1944
0o | 1718 260 43 920 25/ 1944
P 22,166 33 2% 269 29 2344

Note 1—2{(90°—86" 33') = 6° 54’
= difference between left and right angles of L and P
LI d ¢ of N and right of O
- " L right of N and left of O

To determine the P.C. of a branch-off curve from a curved main track:

e 10

Let al= deflection angle of main track tangents

Let 8 = angle between one of these tangents and tangent to
branch-off curve.

Let @= angle between line joining centres and perpendicular from
centre of main track curve to tangent of branch off curve.

Let @ = distance between apexes,
Let By = radius of main track curve.
Let Ro = ‘¢ branch-off "
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It is required to determine the point P.
[ Taking = and y as shown by Fig. 19:

® = a+ It tan :: —y

=a+ R tan o — Ry cot B

«

2
«

=a+ R wn9~cn( B)

z sin B — R
I 5 R

and cos 0 =

- (a + Iy tan ::) sin 3 - Ry cos B~ Ity

It F R
Ry - Rz, when curves branch in the same direction as in Fig, 19,
R+ R, & 48 opposite directions,

This determines the point P with respect to either P.C.

To determine the intersecting points of the gauge lines when the
wain track curve lies wholly botween the P.C. of the branch-off curve
and the nearest intersecting points,

Fig M

P is the point to be determined (Fig. 20), taking lengths as marked.
@+ y? = R
y=b-(z—a)tan a
a4 b — (2— a) tan a'=R

which becomes

o' sec'a —22tan a (b +atana) = B* — I —atana (2b +
a tan a)

When the main track curves in tle opposite direction to that of
the branch-off, this cquation becomes

e ma g W Aep——




350 Special Track Work for
dsecia+2ctana(b—atana) =R — 1V + atana (20—
atan a)

0 =gin —;—for both cases,

0 —a 4
and spread = 2 .u'n( 5 ) when main track and branch-off
2

curve in same direetion,

0+a . ;
or, spread = 2 s sin (— < ) when  main track and branch off
curve in opposite dircetions,

If the distance (%) from the P.C. of a curve is known, the deflection
(d) to the curve at that point is given by

] 3 P
d=r— i

ord = r vers ( sin ’i{.) (See Fig, 21)

f‘/
I : "
I
L
“
e |

In order to make templates to which the rails are bent, caleulations
arc neeessary for flat curves (over 60 ft.); but those of a shorter radius
may be trammelled out. To caleulate these templates, the deflections
at every 3 inches from zero up to kalf the length of the required tem-
plate are caleulated by one of the above formule. T'hese deflections
are laid off on a board, a curve is drawn through the points so found,
and the board is then cut to the curve. OFf course the trammelling
process is preferable whenever practicable.

Caleulations for Crossovers,—Taking lengths as shown by Fig. 12,
2 R vers a + tangent sin a = D+G

First, a length may be fixed upon approximately as desirable for a
tangent ; with this Jength, solve for @ (most easily done by trial), hav-
ing' found a approximately, assunie an even value for it (vay to near-
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est 10 minutes) for simplicity, and with this valueJsolve the equation
again for the length of tangent, determining it exactly, which will be
very close to the desired length (practically the same),
The distance from centre P.C. to intersecting point of inside gauge
is given by
# = D cosec a — (R— (; ) tan f_:-

The total length between extreme end P.0.’s is given by
y = 2 R sin a + tangent cos a
The distance from end P.C. to nearcst intersecting point)measured

along main track is given by

Z = (R—- G,) 8in a +x cos @

/ @
= Decot a + (l.’ - 9}—) (xin a — 2 sin* ,))

By making tangent = 0, the conditions for a reverse curve are

given 2Rversa=D+ G
andy = 2 Rsina

When a crossover is required for a width between tracks, Dy, 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 = (D) ~ D)
cosée a.

To determine a reverse curve (short tangent between curves) between
two tangents not parallel, at an intersection.

e 9

A A. nd B.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 line of which is represented by C.C.

Take distances as shown in Fig, 22.

S ——————————

5
§

i
|
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Fix upon a point which will be convenient to form one end of the
curve, and let its distance from an apex be b.

Then, Ry vers @ + tangent sin 0 + Rz vers 0=a sina—b sin
(a— B) + R: vers (a-P).

As in the ordinary crossover caleulations, fix @ by trial and then
solve for the tangent,

tangent = { a sina — b sin (@ —fB) + B2 vers (a—PB)

sin@
—vers 0 (Ry +R2) }

Having determined upon the angle 6, and found the tangent, the
other lengths ure easily found.
Caleulations for Diamond Siding.—Consider end 4, Fig. 8,

vers a = _.%R,G

total length between extreme P.C, = 2 Rsina
eos {angle at centre subtended by arc from right hand P. C. to interseo-

R—i (G+ D) —=C08 8
"R—%} G
angle of curve cross =2 8
distance from right hand P. C. to intersection point =(R—% @) sin 8.
These calculations apply when the curves begin at the same point to
branch to either side as in Fig. 8 ; but 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.)

tion point)=
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P) =R1 —Rs —a
b
Ra? +(bsecO):—Ri*
2 Ko bsec @
_ B® w(bsec 0)2 —R2®
cos g = 2 Ry bsec 0

tun

co8 m =

a=90°+0—7 anl B=90°-0-¢
«=Rysin B  andspread = 23, sin(a J: d)

Caleulation for thrown-over siding with blind switches.—The calen-
ations are generally similar to those already deseribed for crossovers and
diamond sidings, except for the curves in the main track ; these are
solved as follows:-—(Sce Fiz. 11, end A)

a= (R+} @) vers a + width of switch at back
a
2]

" " Shtaz : y
Total centre angle for curve adjoining switch = a + 8.

vers B =

WORKING DRAWINGE,

Having completed the caleulations for an intersection, the detail
drawings for each piece arc 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 connceting 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 picees,
SHOP WORK.

A bill of the rails required and the neccssary 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 serap) 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 rail bender, to be either curved to the re-
quired radius, or straightenced ; they next procecd to the * marker off,”
who carefully marks the nceessary 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, slotters, shapers, planers, cte,) suited to the work required ;
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they then go to the fitting shop to be assembled according to the draw-
ings.

[o a tongue switeh 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 plancd so as to leave a long
noteh on one side, while the other rail is planed to a point which fits into
the noteh ; the two ave strongly bolted or rivetted together and some-
times finished on a planer,

The curve crosses have usually two picees of rail, onc 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, dy and d of the curves at that point; so that this distance is
measured along the rails from the intersection point and the deflections
marked 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 as a final check before shipping. For this purpose a
large piece of ground, as level us 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 picces 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




——4

Electric Street Railways, 365

way, areat 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,
1f 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 ar: important intersection is 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 joints than would have been required had the grading been pro-
perly performed. The spacing of the ties for this work should receive
more attention than is sometimes given to it, as itis 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 arc accurately fixed, and if
there is no diamond, the ends of the curves must be found ; otherwise,
this is not essential. If there isa diamond in the intersection, this is
laid first, bolted up and lined nccurately,  'I'he other pieces having been
seattered about in their approximate positions arc next drawn to place
and bolted together, The rails are then securely spiked to gange, and
lifted (if necessary) to grade, when the interscetion 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 sous to have
the through straight tracks in perfect alignment requires great care, 1s
the joints are usually very close together,

An idea of the amount of rail that may be used in a single intersec.
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 (samo as Fig,
7). Itis builtof 75 Ibs, and 84 lbs, girder rail (Figs. 3 ond 4). It
contains 2,150 feet of rail, and has a total weight of about 26 tons.
There are 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 hetween 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 much more attention and carc than the
old cast iron work ; but, unfortunately, it seems sometimes to be treated
no better. The curves at interseetions are 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 ran over special work should
be strictly rcgulated 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 paysin theend.
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DISCUSSION.

And. B Mr. A. E. Childs said :—
This paper is one which the Society, 1 am sure, is very glad to
have, as it is well written, and contains practically all the latest
ideas on special track work for electrie railways. It is written
logically and clemly, and although there arc a number of small
points with which we may not all be able o agree, still the main
matter of the paper is thoroughly in line with the lutest ideas and
the latest practice.

‘I he question of track 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 are 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 be 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 be 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 possi-
ble construction. A few weeks ago, the Pennsylvania R.R.
decided, at a meeting of its directors, 1o 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 we now consider them to be exces-
sively heavy, there is nothing to assure us thatin 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 ronds, as well
as & 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 is advisable for electric railvoad men to adopt their practice us
much as possible, especially on surburban and interurban lines.

As 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 carbon renders the rail britile and liable to breakage,
This latter fact has usually influenced engineers in specifying «
ruil to have the carbon low in percentage, as 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 be propor
tioned to the weight of the rail to get the best results,

Owing to the increase in sige of the street cars using electric
motive power, it has been necessary to make the track as rigid as
possible, as 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 heen farnishing a very soft, low
carbon steel for angle and fish plates, and as this steel has a low
elastic limit and tensile strength, it takes a set under a blow from
a wheel moving at a high speed. To illustrate this, the N, Y, C.
& H. R. R.R. tested some 80lb, rail and angle plate steel fur-
nished from the same steel mill. The tensile strength of the rail
steel was 120,000 Ibs, compared with 57,000 lbs, for the angle
plate steel, The elastic limits were 60,000 Ibs. and 30,000 lbs,
respectively, A test was made as to the breaking strength
under a blow delivered by a falling weight, and the rail steel
stood 2,000 Ibs., falling 20 {t,, while the angle plate steel only
stood 2,000 Ibs,, fulling 6 ft., and thus it would be seen that a track,
aithough having goed 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 prove a very valuable aid to the rail-
ronds for them to appoint inspectors to make tests on the rails
delivered to their companies, and thus preventing the mills from




Mr. E, A,
Stone.

362 Discussion on Special Track Work.

delivering bad material, which they frequently do at present, as
it means a loss of thousands of dollars to them to reject their
own bad material.

Mr, Stone in reply said :—

Mr. Childs' remarks on rails are very interesting, but when referring
to their wearing qualitics, he would seem to lay rather too great an
amount of stress on their chemical composition, While this is no doubt
very important, 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 temwperatures, the attempt is mude to bring,
these rails nearer to the standard of the first stoel rails produced by
modifying the chemical composition. That the attempt has not been
altogether successful is apparent in places where 56 1b. rails, after 10
to 12 years wear, may be seen 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 earbon 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
fower joints, and so cost less for fastenings ; but against this there is
the greater difficulty in bandling, higher cost of transport, wider joints
for expansion, and greater liability 1o get crooked during transport.
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by J K. MacDonald, CE.

Ciby Engineer. Senbomnder 195,
TumeLING oF ABRrasioN MotsTUre or ABsorpPTION

Name ':fﬁ,.th :,fnab::';( Rt w: :}L"L m v:afgt;fmq:: . CompReSSION
8 hours. | of Loss 24 hours. | of Gain. )

lbs. Ibs. Ibs. Ibs. per 5. inch.
Hallaway Block .. . 6-500 18-5 of 7-922 8-125 25 o 5467
Metropoletan Block .. 9-531 62 2f 10-219 | 10265 04 i 7526
Prestore . ] 5-875 9.2 o 6-422 6-562 2.1 «f 10356
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Carnton Standard 6-468 9.1 s} 7-062 7-094 04 ] 8755
Fark Standeard 5969 | 76 « 66035 | 6758 | 22 7786
Brady Run 6-687 68 o 7254 | 7281 06 s 7859
Crarnk. ... . . .6-687 5.1 . 6922 6-937 02 . 5642
MEMalkor: -Porter ... .. 6-468 97 s 7-239 7-492 35 4 4941
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