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article, the subject will be dealt with only so far as it lies within the province of the
mining engineer, and it is not intended to enter into any discussion of the theory of
foundations.

A foundation in its simplest form consists of an excavation in the ground of such
form and dimensions as will giveia frm, base for-thc superstructure. buch a foaun.
dation is all that is required for comparatively liglt structures, not subject to sudden
and severe strains. But for most structures about a colliery such a foundation is quite
inadequate, and the excavation is partially or completely filled with somle material
whîch will form a firm and iolid base. In many cases, as for example in the case of
a pulley frame, the area of the base of the structure is sinall in conmparison with the
weight upon it, and the pressure per unit area is consequently grcat, greater often
than simple earth foundations can resist. To reduce the pressure per unit area it is

-customary to form hie excavation of sufficlent site, and subsequently to fil it with
ome solid material as niasonry, brickwork, or concrete, through which the pressure

ls distributed to any desired extent. Ilefore proceeding with the construction of fouri.
dations, the first thing to lie ascertained, after an acquaintance with the r.ature of the
ground, is the approximate weight to be supportel, and the foundations must be so
designedi that the pressure per uit area will be well within the lm:ts of safety. The
-direction of the pressure must also be taken into account, and the base uî u,. foun.
dation should be formed as nearly as possible at tight angles to the dpicctton of pres.
sure upon it. As a general rule also, the fine of te iesultant pressure on a foundation
should pass through the centre of gravity of the foundation, or a.s near thereto as
possible.

In some few cases a firm and sufficient foundation readily obtaina,:Ie on rock. 'n
which case ail that is necesary to prepare it for the superstructure resting on it, is to
cut away ail loose or decayed parts, and to hew or dress the surface of the rock
tu suit the form and pressure of the structure ta be erected. Wien the surface of the
rock is irregular, il niay be necessary to fill hollows in it with masonry or concrete.
It is customary in engineering practice ta allow for stone structures a factor of safety
of not less than eight, and for (pundations on rock the pressure should not exceed, at
any p.oint, onc.eighth of the pressure required tu crush the rock. Experinients hn the
crushing pressure of rocks have from tine to lime been made by various engineers of
eminence, the average results of sone of which are given in the subjoined table:-

TAItI. Ot TU STRENGTH OF ROCKS.

Sandstone (strong)
do (weak)
do (ordinary)

Linaestone, compact (sirong)
do magnesian (strang)
do lu (weak)
<lo granular

Chalk ..
Whinstone (basait)
Granite .

Clushing Sîtess.
Pounds per suare inch.

5000 to 9000
2000
3000 to 5000

.. .. 8000
7000
3000
4000 to 4500

300 10 400
9000 to 17000

ooo to 11000

W'herc the rock surface is not accessible for forming the foundation, the base of
-the structure has to bu rested on the earth above the rock, and the total pressure nust
bu more or leis distributed as the earth is sifter or firmer. In firm carth, such as hard

.clay, clean sharp sand, or firmi dry gravel, the greatest pressure in general engineering
practice is rrom 2,500t 3,500 pounds pet square foot of bearing surface. Fdr a
superstructure that is in itsclf heavy, or that has to support a heavy load, or that is
lial$e to severe strain, the foundation base must be made of such area that thr. pressure
pet square foot will not exceed the above limit. Usually the footings or lower courses
of ordinary masorry or brickwork, as of an engine house, have anagdditional breadth
or "spread " equal ta ne.ana-half times the thickness af the body o! tl.e wall when
built on compact gravel, ore! twice ihat thickness when b'it on sand or stiff clay.

Before building on soft earth, additionat precautions must bu taken with regard
la the foundations, and some other expedients must bu adopted than those applicable
to frm earth foundations. 0f course there are degrees of softness, and no general
rule can be laid down applicable to the variety of cases tbat may occur in practice.
The simplest class cf foundations on soft earth are those already referred to as appli-
cable th m earth, with this diference, that the base must be further increased to
reduce the pressure per unit area. Wlhen softer earth, as peat moss, soft alluvial Clay
or silt, with, in soie cases, a natural sllpe of one vertical to cight or ten horizontal, is
nct with, of considerable depth, other imethods have to be adopted. These generally
entail the use of tinber or iron. Timber platforms are usually constructed by forming
a grating of crosseti beans cf elm or oak which in turn is covered by planking on
which the superstructure tests. The beams eipaloyed are usually from go to 12 inches
square, and laid about 3 fcet apart, the spaces between being filled withi concrete.

The method usually adopted, however, for sccuring a goodl founidation in very
soft grotini is by piling. Piles are usually of square or round timiber froi 6 to 9
inches diaieter for piles fromt 6 to 12 Ceet long, and larger in proportion tothe length,
the ratio of diameter te length being in generai about one to twenty. In setting the
piles they are placetd as close together as practicable. When piles are driven to form
a rectangular or circular foundation, the outer circuit of Piles should always be driven
first. The work being finished ai the centre. The piles may be suîrmocauitaid 'by a
platforni as aliove describei. or simply by a layer of concrete. The maost suitable
timber for making piles is elm. In geniteral practice the limits of pressure on pile
foundations may>' lie taken ai a,ooo pountds per square inch of taitd are.. when the piles
are driven till thaey reacha firim grotnd, or 200 pounds per square inch ,of latd area
whiei the frictional resistance tbetween the timber and the earth is the only support.
In all cases wlere timber iç thus empîlloyed in fouindations, care should be laken to
keep it entirely' reioved firon the influence of ihe atmosphere, and to keep it wet,
otherwise it will soon decay.

Engine founlations, a. a rule, require to be raised sufficiently high above the sur-
rounding ground to give clearance for Ilae fly-whîecl, drum, or gearing, or for other
purpose, as also to form a sufficient weight te which to fix the iengine. Engine foun-
dations may be constructel of tinmber, brickwork, nasonry or concrete. For perma-
nent work tiiber fouindations are not to bu recommiended, as thîey are liable to carly
dccay, buit for temporary wiinding or puniping engines ai a sinking shaft they form a
conveient, siipale and cheap foutndation. They are casily built and ensily reinoved,
and the miaterial may, subsequently be used for siniilar or other tiur,..ses.

One forna of ergine foundation, now alîuost obsolete, was built of ashlar masonry,
lie stones being of large size, each maeasuring about io cubic Ceut, the uisuial dinien.
sions being 4 feet ly 2 feet by i5 inches thick. Stones of larger size arc more expen
sive, and were consequcntly seldlon, if ever, used. Undoubtedly this makes a very
good foundation, but il is costly, and it is now gencrally supersedei by brickwork Cr
concretc.

Brickwaork built wibth Portland cemient niortar is in very- general favor, and forms
an exct lIent fouindation. The bricks shoulbl be tightly buili, the joints not excecding
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quarter of an inch in thickness, and the whole structure well bonded together so as to
form, as nearly as possible, one solid block. The cost of this kînd of engine founda.
lion is considerably less than one of ashlar masonry.

For engine foundations. and, indeed, for all sorts of foundations about .colliery,
there is much ta recommend the unKYefoncrete. It forms the best foundat n, and fs
less ccstly than cither ashlar masonry or brickwork. Concrete is essentiali % species
of rubble building, the stones of which are cemented together by a morier, usually of
Portland cement and sand or fine gravel. About a colliery where, as a rule, a plentiful
supply o! sandstone is readdly obtainable, especially durng sinkng operations, it may
with advantage be used in the manufacture of concrete. A quantity of stone is broken
to about the site of ordinary road metal, or from iî4 to 24 inches diameter. This is
mixed with certain proportions of èlein sand and of Portland cenî;nt, the proportions
of the various ingredients varying with the purposes for which the concrete is to be
employed. For ordinary foundations the proportions arc generally about four parts
by measure ofbroken stones, one part of sand, and one part of cement. Tlese, after
being thoroughly mixed, have sufficient water added to make the whole a plasic mass,
which is forthwith transferred to the excavation or other receptacle previously pi wided
for it. At the saine time, a number of large stones inay with advantage be throv.n .o,
care being taken that they are thoroughly bedded in the concrete, wh ich shnuld slso
f1 ail interstices between them. Whn using sandstone for making concrete, El il not
generally necessary to add sand, as in breaking the stone a quantity of sand is iro.
duced, unless the stone bu very hard. Ily a little experience one can readily estirate
whether there is a sufficient quantit of sand among the broken stones, and il becomes
unnecessary to measure then ont separately. Broken bricks, blast furnace slag, lime-
stone and other materials arc frequently used for making concrete. It should be
noted that the concrete occupies only about two.thirds of the volume of the ingredients
when uninixed.

When concrete foundations have to be raised above the level of the surface, a
casing, usually formed of planks, has to to be erected, of the form and height of the
monolith, into which casing the plastic concrete is placed. After ithas sufficiently set
to permit of the casing being taken away, this shoultd be done.

In conclusion il may be useful to compare the cast of building engine foundate'ns
of the three classes referred to. For a set of coupled winding engines, each founda.
tion will contain about 40 cubic yards, or say 8a cubic yards in the two, and the total
cost will be approximately as under:-

So cubic yards ashlar n;asonrv @ 5 = £220 o o
So " brickwork in cement @ 16- = 64 o o
So " concrete (, to 1) @ 9/- = 36 o o

Water Power Applied by Electticity to Gold Dredging.*

Bv ROInERT HAv, M. Inst., C.E.

In many mining districts ihere are deposits of gold which cannot be worked owing
to the difficulties of transport and the dearth of fuel. The application of water power
transmitted to a distance by electricity is, therefore, a subject which niay well com-
mand attention in well.watered countries like New Zealand, where a plentiful supply
of power is obtainable ; for intervening hills and valleys form no obstacle to ils trans.
mission, ti.re being few districts through which light wire and poles cannot Le easily
carried. The plant described in this paper is the first of its kint constructed in New
Zealand. It was desigred by the author for gold dredging or the River Shotover, at
a point about thirty miles from ils confluence with the Kawarau River and twenty.five
miles from Queenstown, a small town situated on Lake Wakatipu, which lies about
t,ooo fi. above sea.level. The Sliotover runs through rugged and inhe.pitable country,
generally in pretipitous rocky gorges, and is only accessible by tracks cut down the
leading spurs and gullies. Since the dredge commenced operations, however, a
moiuntain road bas been constructedi ai a con3iderable elevation above the river, and
extends soie twenty miles towards the upper Shotover dredging ground, opening up
to some extent the interior of s:t part of the country. Ail the bucket, gra. and suc-
lion dredges hitherto employed in New Zealand have been actuated by steam po.,er,
bituminous coal, lignite or firewood usually being fairly plentiful, and accordingly
moderate in cust. In the case referred to, however, fuel could only be obtained at
prohibitive prices, as il would have been necessary to transport il to the dredge for
lone distances over the mounîtain tracks on the backs of horses. Water power ina con-
ventent form was found to bu available at a branch creek, but for many reasons it could
not lie applied direcitly ta dredging. Il was therefore decided to transmit the water
power hy electricity te th, dredge in whatever part of the river il might be working.
The water was obtained fron t creek one and a.half miles, and was brought, by a
race cul in the side of the hill, or, through places where the ground was too precipit-
ous or loose to carry the race, by a timber flume, to a pressure tank situateti t a point
524 it. above the generator hou,e. Thle race is 2 ft. 6 in. deep, and 3 ft. wide ai the
bottoni, and the sides are cul with siolies of 2 in i. The flume is rectangular in cross-
section, 2 fi. deep and 3 ft. wide, anil in places where il could not bu wholly set in, a
cutting along the side of the hill, is carried, partly upon trestles standing about 6 ft.
apart. The pressure tank is 20 ft. long and 12 ft. wide ai the bottom, and bas sides
with slopes of i in i ant 2 in a. The water passes from the Pressure tank through a
bell.mnouth covered by a wrought iron grid, and is carried in steel piples to the gener-
ator hlouse. The pipes are of rolled steel of 16 andi i Birmingham wire-gaui;e, with
double-riveted longitudinal seanis and single-riveted circular seaiis with r$ in. lap.
The pipes are each 19 fi. 6 in. long over all, and are jointed with wrouglt iron flanges
riveted to the pipes. The internal diaineter of the main pipe is 14o, in. The quant-
ity of water available an ordinary seasons is 24o cubic fret pur minute; 'lut in dry
wveather after a une wiater, wlen the snowfall has been light, the supply falis to about
half that quantity. rhis, however, is sufficient go develop the necessary power. The
generator-house is situated about iiiiway between the ends of the portion of the river
to bc worked, wh:ch is about four miles long. The prime llover of Ite geiterator-
lOuse is a 4 ft. ieton water wieel, on the buckets of which the water impinges from
a 152 mii. nozzle at a pr:ssure, En the pipes outside the station, of .2S Ili. per square
inch. The Piton wheel drives b belts, two Blruasl-Victoria., series.wounl dynaios,
which, when vorking at their normal spced Of 700 revolutions per minute, give each
an electroiotive force of 650 volis and a cuitent oi 40 amperes, tir together a total
electrical outputt of nearly 70 hore power. Tie two dynamos are coupled in series.
A Buss-Soiibaart tachoiieter, driven fron the armature shaft of one one of the dyna-
ms, indicates ther specl, while a Soamcs-Nalder anpere-mîeter and a Cardews voit-
meter (the latter reating up to i,4oo volts) indicate the current and clectronotive force
respectively. 'lhe iPelton wleel has no autoniatic regular, as the work.re urd of it
is aîrly constant. Il was taecessary, houwever, ta provide againt thie possi.ilbhty of an
abnormal iicrease oh current, due eniher to accidental short circumang uf the lne wires

•A pr ead before the institution of Civil Engincers in conjuniction with the poper on " Etec-
trica lin ge at Ernrock, Colliery."


