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stratumi of grave] or suinîl stones, and wvhcn the wvater
is rapidly drawvn down in the reservoir the wet miass of
clay is liable to sliup and carry with it the concrcte
iining.

Engineers and siîperintendcnts frequently build
rcservoirs in earth and line the inner siopes and bottoni
%vith cernent concrete before the banks have properly
settled, and without first thoroughly soaking the interior
wvails. In a properly made bank there wvill be no sub-
sidence to speak of, but to pave a rcscrvoir without first
allowving the water to reniain up to high.water mark for
days and even wveeks, is to invite failures. The Cerne-
tery Hill reservoir of Colorado, buit in 1886 87 by the
%vriter as cngineer-in-charge, in accordance witb plans
and specifications prepared by chici engineer Allami, wvas
flot lined uintil 3890. In the spring of that year it wvas
paved with Portland cernent concrete, of wvbicb the
greatest thickness did flot exceed four inches. Five
years later (1895) the wvriter exaniined the iining and
found no failures, flot even a crack. He attributes the
success of this paving ta the stable condition of the
banks and to, the water-soaked state of the interior. In
the vicinity of Beaver Brook, Colorado, the farmers can
get no wvater from wells, and they obtain their domestic
supply froni the irrigating canais in summer, which is
run into cisterns iined wvith cernent mortar or concrete.
After niany failures the writer suggested that they soak
the bottoin and sides of the newvly excavatcd cisterns for
iveeks, then remiove the water, rami gravel over the
entire interior and line wvitb cernent concrete. It wvas
found that a much thinner coating wvould suffice when
the foundation wvas prepared in the miner just
described.

The toughness, elasticity and imiperviousness of
asphait concrete render it a suitable material for reser-
voir lining. It ha.,, hiever, one serious defect which
engincers hiave flot yet been ablesuccessfuhly to overcorne.
A bot suii, or wvarmn weather, wvill cause it to slide down
the siope. In this kind of paving the thin coating of
asphaît inortar which conipletely surrounids the paving
brick renders the lining impervious and difficuit to
crack, ,viiile the rigidity of the brick prevents the wvall
froni sliding upon Uts base. Stone rip-rap based on a
thin coating of asphalt concrete can be substituted for
the brick, and the entire wvall wvell grouted wvith asphalt
mortar.

In the Newv Engiand States perhaps 85 per cent. of
ail the earthcn dams now in existence have been buit
wvith core wvalls of puddled dlay, masonry, or concrete.
In California, the Rocky Mountain Region and as far
east as Pennsylvania and Newv York, masonry core
wvalls are seldom introduced.

About a year ago, the wvriter sent the following.
questions to a large number of hydraulic engineers and
waterworks superintendents:

Ques. i. If the reservoir dam is built wvitb a centre
core, state the materials used and mode of con-
struction.

Q ucs. 2. Give the foliowing dimensions of the
centre core: bottom wvidth at original surface, top width,
depth of base below original surface, widtii of base at
bottom, hieight over ail.

Q nes. 3. Does the wvater in your opinion percolate.
throughi the inner portion of the embankrnent ta the
centre core ?

Ques. 4. Speaking gerrerally, do you think the ad-
dîtional security gained by a concrete or masonry core
justifies the extra expense ?

The replies received to the above queries wvere s0
conflicting that it wvas impossible to harmionize the
opinions expressed. If a classification wvere atternpted
it wvould be soinething like the foilowing:

(i) Those wvho conisider a niasonry core wall es-
sential.

(2) Those wvho consider any kind of a core wvall an
elenent of wveaicncss and a useless expenditure .of
nioney.

(3) Those who wvould insert a inasonry core wvall
as an addftional safeguard in aIl important structures,
the failurè of %vhich rniglit endanger life or property.

(4) Those wvho wvould be guided entircly by the
quality of the materi-ils and the conditions connected
with each case.

The chief advantages of a mnasonry core wvail are:
(i) It prevents animais fromu burrowing lioles

througli the enibanknient.
(2) It may prevent percolation.
The chief disadvantages are:
(i) Tlîe additional cost.
(2) The unequal settling of unlike materiais of dif-

ferent density and wveiglit.
(3) The iiability of the earth in the uipper part of

the embanknient becoming saturated and increasing the
pressure on the wall much beyond the designed lutisit.

(4) The tendency of the wall ta crack on account
of the expansion and contraction due to changes of
temperature, presence of wvater back of the wvall, or on
account of (lie unequal settling.

t bias always seemed to the wvriter that the advan-
tages to Le gained froin a masonry core wall are in no
measure commensurate to the disadvantages arising
fromn its use. A 12.inch brick wall laid in cernent mor-
tam will prevent tbe burrowing of animais as effectiveiy
as a concrete wall six leet in thickness. Besides, it is
doubtful if there is an animal in existence wvhiclx will
burrow, for the sakie of the pleasure to Le derived fromn
the exorcise, through a wveil made gravel puddle. In
the Western States cernent concrete costs per cubic
yard iii place froîn $6 to $7! %v.hile earth suitable for
eartherl dams can Le conveyed in wbeel scrapers,
puddled and molled, for from 12 to 20 cents per cubic
3 ard. A yard of con crete is tbus equivaient to nearly
45 yards of puddled earth. The rnost pronounced ad-
vocate of concrete core wvalis wvill hardly dare maintain
tbat the relative utility of equal volumes of a concrete
wvall and the adjacent eartben embankment is as 45 to I.-

Inconsidering thesafety of earth dams witli masonry
or concrete heart wvalis, the late James B. Francis as-
sumed that the full hydrostatic bead wvould Le exerted
against the wall, and that as the wvall alone wvas 'vhoily
inadequate to sustain this pressure, the earth on the
down streani side had ta Le made of sufficient weigbt ta,
resist the total pressure.

Desmond Fitzgerald, in describing tbe luigh earth
dams recently constructed under bis supervision for the
Boston Water Works, lays dowvn a similar assumption.
One emibankment is 65 fecet high, las an inner siope of
2 ta i, and an outer slope Of 2 ta i and 2ý- to i, a berin
6 feet wide on each side, and a concrete core wvall 10,
feet thick at the base and 2 feet at the top. «"In con-
sidering," ho says, I the stability af this kind of an cmi-
hankment, wve must assume that the full head of the
reservoir is carmied ta the core wvall."

The Nriter fails to sec the benefits ta Le gained by
this proz-ess of measoning based an such an assumption.
In tho first place, hydraulic engineers are nearly unani-
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