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'i o P THE n!v hox ‘op Horsn Powrs o nasve
WM?:-‘:::: .nu wogﬁx’c SHAPTS AT Sanrwoop TUNNEL, ON THE
Sourn-Eistesy Ramway, 1y 1842. By FrepErick WHLIAM
Sivus, M. Inst. 'C. B*

Tams tunnel is driven in the middle bed of the lower green sand,
between which and the surface of the grol}nd is 1§terposed only 1
the upper bed of the same stratum ; but in sinking the elevex;_
shafts for the work, it was found that at the level of the top :
the tunnel the ground assumed the character of a quick sand, |
saturated with water, in such quantity that it could not be re-
duced by manual labour. Under these circumstances l}ox"se gins
were erected for drawing the water by barrels, containing 100
gallons each, weighing when full about 1810 }bs.
The engineer’s intention was to drive sunultg,neously from
these shafts, in the direction of the tmmel,_ an adit or _he;ui.mg,
to carry off the water; but the earth, whlcl} was sand mixed
with fine particles of blue clay, was so filled vglth water as to be-
come a mass of semi-fluid mud—great exertions were therefore |
necessary to overcome the water, without erecting pumps. At
first this was accomplished by making ea.(fh horse work for lg
hours, and then for 8 hours per day, allowing one hour for foak
and rest; as the water increased it became mecessary to wor
night and day, and the time of each horse’s working was reduced
generally to 6 hours, and sometimes to 8 hours, As all the
horses were hired at the rate of 7s. per day, th_e author, whe had
the direction of the works, ordered a daily register to be kept of
the actual work dome by each horse, for the double purpose of
ascertaining whether they all performed their duty, and also
hoping to collect a body of facts re_lauv_e to hox_vse power, which
might be useful hereafter. This detailed register, which was
kept by Mr P. N. Brockedon, is appended to the com-
ication. .
n’l“tll‘lhz author gives as a proposition; * That the proper estimate
of horse power, would be that which measures the .weight that a
horse would draw up out of a well’; the auimz.xl acting by a hori-
zontal line of traction turned into the vertical direction by a
simple pulley, whose friction should be reduced as mueh as pos-
sible.” . He states that the manner in which the work was per-
formed necaqiapily approached very nga.rly to these condl.tlons;
and after giving the principal dimensions of the horse gins, he
analyzes each set of experiments, and by taking the mean of
those against which no objections gould be urged, he arrives at
the following vesults :— ] '
The power of g horse working for 8 hours=23,412 Ib. raised 1ft.high in

one minute.
i =t 6 % =24,360 « ditto.
gi;g: .. 43¢ =27,056 «  ditto.
Ditto s 3« =32243 % ditto.

Of these results he thinks the experiments for 6 hours and for

. * From the minutes of the {ransastions of the Institution of Civil En-
gingers. o

ates of he
: i ked that in all estimates of horse power, t
§] ::txi. g;zlto‘;xes’:i“&ed to be at an average of 2} miles per hour,
o all experiments were reduced to that stm.,ndux'd'i { -
Mr Hawkins said, that some years since he had ma ‘:1 3
TQUS inqﬁivies respecting the work dene by horses in g s
common turnpike roads; and found, that four goo'i i
“poﬂi draw an ordinary stage coach, with its complemen .o hfui #
#a 8. miles a-day at the rate of 10 miles an hour; that
s tages of 10 miles in the hour; the horses must rest oxlxe
'?:yil:zai:hgweek : that good herses, 8o worked, wo;:ld l::;t &:]ei
ﬁvz years, each horse drawing about half aton ’lk e; el
informed by waggeners, that good horses would walk;, e
1?' 2} miles per hour, for twelve hours out of tl}e twtt:)ndi- smﬂ;
‘;)naking 80 miles a-day, and that they would continue oo
work; day by day, each horse drawing ene ton, for many years,
rovided they had been worked bard when young. e
¢ Mr Gravatt observed, that altﬁougtl‘x v:(l)l:]:ea ;x‘zlguy ;e i
itation i ivi se results I
hesxtatga;;:lrf::;:‘x;g t:)l: horse’s power, yét as engmeeﬁs fre-
zze;tfy required to know what ceuld he performed by horses,

* The horses were supplied by Mr Bicba.rd Levis, Folkestone, Kent. .
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w‘:e‘g em}[oyed for short periods, in works of haste or difficulty,
he thought that the experiments were useful, and would form
good-data for reference. He was sorry to observe that in too
many cases, an idea was prevalent, that it was cheaper to work
a small stock of horses todeath, than to keep a large number
and to work them fairly ; the results which he had been enabled
to arrive atswere perhaps not a fair value of a horse’s work,
continued for any length of time, at the best rate of economy
for both the contractor and employer.

The President believed that however, in cases of emergency,
which he allowed did occur in engineering works, the forced
system of labour mentioned by Mr Gravatt might be tolerated,
he was convinged that it was not the most economical ; but on
the contrary, humanity and economy would be found to go hand
in hand. Tt would be desirable to know the average speed at
which the different rates of work had been performed ; this was
essential in order to found any calculation upon the results given.
Coach proprietors calculated that, at a speed of 10 miles per
hour, a horse was required for every mile ‘going and returning,
50 that one horse was kept for every mile of road. Now Suppos-
ing a four-horse coach, with an average load, to weigh 2 tons,
the load for each horse was 10 cwt. ; whereas in the case of a
horse drawing a cart, the gross load frequently amounted to 2
tons, but the speed was reduced to 2} miles per hour, at which
pace he conceived that 16 miles per day might be considered a
fair day’s work ; this therefore was double the distance with four
times the load, or eight times the coach-work, but with a heavier
horse. The law that the quantity of work done, was as the
Square root of the velocity, or, as the cube root of the velocity,
in equal times, was confined to work upon canals, or bodies mov-
ing through water.

Mr Rennie had tried some experiments on the foree of trac-
tion of the boats on the Grand Junoction Canal. The towing
rope was attached to a dynamometer which had previously been
tested by weights. The horse, although urged at first starting,
was afterwards allowed to fall into his natural speed, which was
2% miles per hour on the average of 20 miles. The maximum
speed was 4 miles, and the minimum 2 miles per hour. The
dynanometer indicated an average of 180 1b., which was capable
of overcoming the resistance of the loaded barge of 25 tons,
being in the ratio of 1'500. The weight of the horse was about
11 cwt. He had also tried many experiments upon a fast boat
lent to him in 1838 by the late Colonel Page. These experi-
ments were principally made in order to ascertain the compara-
tive resistance of vessels moving through water at different
velocities, and the Grand Junction Canal afforded a convenient

opportunity of undertaking them. The boat wa
length, 4 feet in breadth, and drew 9 inches of
traction indicated by the dynamometer the fo!

s 70 feet in
water. The

llowing resist-

ance :—
Miles per hour. 1b. Miles per hour, 1b,
AvOL o resistance was 30 Abg B ance was 97 to 24
3 L 27 7 § 250
33 “ 30 8 8 336
4 o 50 969 -3 411
43 € 60 10 o 375
5 “ 701075 113} % 392
Average 336

One horse was
experiments,

employed in these Two horses were employed
these experiments,

in H

Stakes were fixed near the margin of the canal, so as to
ascertain the rise and fall of the wave caused by the boat in
passing ; and it was observed that when the boat passed with a
velocity of from 4 to 6 miles per hour, the rise of the wave was
5 inches, and the fall 5 inches, making a wave of 10 inches in
depth ; and when the velocity was 11} miles, the rise was re-
duced to 2} inches, and the fall to 2% inches. Great difference
existed in the power of horses, their weights, and structure ; and
the large dray horses used by Messrs. Barelay, Perkins, & Co.,
did a full average duty as assumed by Boulton and Watt ;s but

considering the average power
had adopted 22,000 1b. raised
however depended on the nature

Mr Charles Wood remarked that

it might be

been mentioned, it had alway,

ry to work h

of strong and of weak animals, he
1 foot high as the standard ; much
of the work performed.

although, on an emergency,

to the extent which had
s been found:more economical to

feed them well, and not unduly to force the speed, the weight

drawn, or the hours of labour.

By the recorded experiments on
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