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SECTION III., 1901 [3] TRANS. R. S. C.

I. A New Extensometer.

BY HENRY T. BOVEY, M.Inst. C.E., F.K.S.C., Etc.

(Read May 22, 1901.)

The purpose of the present paper is to describe a new extensometer,
which has been designed with the object of determining the amount of

the longitudinal extension or compression of any given length, parallel

to the axis, in a horizontal beam loaded transversely.

Fig. A.

Fig. B.

The device by which the actual deformation is measured consists

of a small mirror, suitably mounted on a roller, which is held between

the faces' of two overlapping longitudinal steel bars (Fig. A). These bars

are designed to have a capacity of 8 to 12 inches in length. Each bar is

slotted nearly the entire length and, at one end, is bent at right angles

and passes into the slot of the companion bar. At its other end, each

bar is also slotted transversely, and pass over pivotted knife edge

terminals, held in the desired positions on the face of the specimen, by
means of spring fingers. Any extension or compression of the specimen

between these knife edge points produces a corresponding movement

of the bars, thus causing the partial rotation of the mirror, and so
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giving either a positive or negative reading of the scale of the observing

telescope, Fig. B.

The two bars are held in contact with the mirror roller by a small

suspension spring, which offers a minimum resistance to any longi-

tudinal movement of the bars. This arrangement constitutes one of

tire novel features of the instrument. Parallelism of the bars in a

horizontal position combined with freedom of movement is maintained

by making the bent end pass into the opposite slot; parallelism of the

bars relatively to the face of the beam is maintained by means of an

additional roller placed between the bars as far as possible from the

suspension spring. The suspension .spring is situated as near the

mirror roller as is practicable with the requisite range of movement.

Fig. C.

The frame carrying the mirror, being attached to the top of the

roller, is bent down in front of the bars, so that the mirror is thus

pivoted directly in front and allows the extensometer to be made less

than 1-inch in width an important consideration when it is desired to

use as many instruments as possible at one time. The length of surface

over which the distortion is measured with the present instruments

may vary from 8 to 12 inches.

The value of the rotation of the mirror produced by the extension

or compression in that part of the beam over which it is situated is

observed by means of an ordinary reading telescope, with cross-hairs,

Fig. C. The telescope is carried on a suitable head, which can be moved
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vertically by means of a small windlass at the base. The pillar on which

this head is moved up or down to the required position is of triangular

section, which prevents any axial movement. The scale is' fixed on the

head carrying the observing telescope and remains in a constant position

relatively to the telescope. A preliminary calibration of the whole of

the arrangement is made to determine the distance of the scale from

the axis of rotation of the mirror. Thus the exact value of the move-

ment occurring in any one extensometer on the face of the beam, may
be read off, by bringing the telescope into line with that particular

mirror.

Tt is not absolutely necessary to have more than one measuring

device, which may be shifted from position to position, and the beam

subjected to repeated loads, the resulting values obtained in each

position being the same as though a number of the instruments were

used at one time. In order to save time, however, by diminishing the

number of loadings, as many extensometers might be placed on the

beam as the width of the beam will allow.

A number of experiments have been made with extensometers of

this description and have shown them to be of exceeding delicacy. Small

loads of even a few pounds are immediately indicated by the movement

of the cross hairs over the scale.

(Of course devices of much cruder design and construction are

quite sufficient when larger deformations than those within the elastic

limit are produced, and such devices are now being constructed and

used in the McGill laboratory.)

The following experiments will, to some extent, indicate the

nature of the apparatus and the results seem to justify certain inter-

esting and important inferences.

In these experiments, which are all within the elastic limit, the

distance between the extensometer points, i.e., the length under obser-

vation, is in each case 8 inches, and the beam supports are 60 inches

centre to centre. The loading is of two kinds:

(1) The beam is loaded in the centre (Fig. D);

(2) The beam is equally loaded at two points equidistant from the

centre and the loads are such that the maximum bending
moment is the same as the maximum bending moment when

the load is at the centre (Fig. E).

The deflection was carefully measured in each case, but was so

small as to have no appreciable effect upon the 8-in. distance between

the extensometer points.
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Fig. D.

Fig. E.
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Table showing mean strain in 7.1-in. X 3.33-in. cast iron beam
under three different systems of loading.

Compressive strains +
Tensile

Extensometers 1.6-in. c. to c.

The strains are, in each case, the means offive observations.

TOTAL STRAINS AT DIFFERENT POSITIONS OF EXTENSOMETERS.

IN MTLLIONTHS OF AN INCH.

Load
in Ibs.
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beam up to 2,400-lbs., but beyond this load there is a perceptible

movement towards the compression side.

(3) The diagram for the beam under loads 10-ins. from the centre

shows a slight movement of the neutral .surface towards the tension

side for the smaller loads, but under 3,600 Ibs. it suddenly moves to

the compression side, and then gradually returns towards the centre

under still higher loads.

(4) Loads at 20-ins. from the centre show that the neutral sur-

face is much nearer the tension side for the smaller loads, but gradually

moves to a position slightly on the compression side for the higher

loads.
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Table showing mean strains in 5.1-in. X 3.48-in. red oak beam, under

two different systems of loading.

Compressive strains +

Tensile

Extensometers 1.1-in. c. to c.

The strains are, in each case, the means offour observations.

TOTAL STRAINS AT DIFFERENT POSITIONS OF EXTENSOMETERS, IN MILLIONTHS
OF AN INCH.

III.

000000

157

300

448

598

- 763

IV.

000000

920

1784

2611

3417

4220

V.

000000

1796

3434

5005

6446

- 7926

.5 g

000
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Table showing mean strains in a 5.9-in. X 4.94-in. white pine beam,
under two different systems of loading.

Conipressive strains +
Tensile

Extensometers 1.3-in. c. to c.

The strains are, in each case, the means offour observations.

TOTAL STRAINS AT DIFFERENT POSITIONS OF EXTENSOMETERS, IN MILLIONTHS
OF AN INCH.

Load.
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SECTION III., 1901 [13] TRANS. R. S. C.

II._ Soil Temperatures. Observations with Electrical Resistance Ther-

mometers at McG-ill College, Montreal.

By Professor C. H. Mcl/EOD, Ma.E., of McGill University.

(Read May 30, 1900.)

The following summary of the observations of soil temperatures
for the three years ending May 8th, 1900, is in continuation of the

results already communicated to the Section by Professor Callendar and

myself. An account of the apparatus employed and the method of re-

duction will be found in the Transactions of the Society for 1895, 1896

and 1897.

The annual curves for the mean air temperature and for the tem-

perature of the soil at the several depths at which the thermometers were

buried, are presented for the three years in a form similar to the charts

accompanying the earlier reports.

The annual mean temperature for each year since the commence-
ment of the observations is given below ; the year in each case beginning
and ending with May 8th-

ANNUAL MEAN TEMPERATURES AT THE SEVERAL DEPTHS TO WHICH THE THER-

MOMETERS ARE BURIED. (The year extends from May 8 to May 8).

Depth
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THERMAL DIFFUSIVITY.

The value of the thermal diffusivity has been computed for suitable

intervals of time covering the entire period now reported on. The results

are tabulated below, and are also represented graphically on the accom-

panying plate. These results show that the value of k/c is, for the lower

strata, in general less than the average, but that for a short time in the

spring or early summer, the contrary is true. The latter condition pro-

bably corresponds to a stage in which the moisture of the melting snow
has penetrated to the lower depths, and the upper layers are relatively

dryer.

When the ground is protected by snow and there is no percolation,

the value of k/c is seen as in former years to be a minimum and very

constant, the average value corresponding to *0015, which, as stated in

former communications, may bo taken as the value of diffusivity due to

pure thermal conduction for the sandy soil in question in a dry condition.

All values above this being due more or less to influence from percolation.

The normal value for the full depth, under average conditions of soil,

during the summer months, may be put at '0075.

VALUES OF THERMAL DIFFUSIVITY OF THE SOIL FROM MAY IOTH, 1897,

TO MAY 2ND, 1900.

Period



[M'LEOD] SOIL TEMPERATURES

VALUES OF THERMAL DIFFUSTVITY. Continued.

15

Period
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VALUES OF THERMAL DIFFUSIVITY. Continued.

Period
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