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ated with water and being of a mixed nature, a tremendous
pressure was brought to bear ou the struts, which were bowed
frem 3 to 0 inches, and the foreman of the work asserted that
they were in some cases pushed right through the walings.
About 30 feet of this work eventually caved in, and a new
muthod of dealing with the excavated carth was adopted. This
settling of trenches made constant watching and attention
nceessary, the men inserting new raking struts, and tightening
up those already in.  The work of drawing the shoring in back-
filing the deep sand trenches has been frequently dangerous,
and much timber was consequently buried. On one scction,
winle taking out sheeting from a 35-foot sand cut, about 23
feet of 1t caved m, and buried a man below, whose life was
saved only by the struts and timbers closing over his head
Usually sufficient warming is given by the creaking of the
shoning, but tlus is not always so.

In laying brick sewers the trenches, if in clay or other
firm soil, are first trimmed out to the shape of the invert, a
template is then fixed in position, true to line and grade at
from 12 to 25 feet from the previously finished work, and
stretching a line tight along the bottom course, the bricklayers
lay the bricks. working from cach end towards the centre. The
string is then.moved to the next course, and the work proceeds
as before. The first few courses are laid dry, and the sidewalls
then completed to the springing line, the joints being made in
no case less than one-quarter inch, and usually made as thinas
possible on the face. The invert joints arc then filled with
cement grout. When bricks have frogs, these are laid up, and
ali bricks are pressed firmnly into place. The springing course
is all headers, and is the only one in the sewer. The centres
vsed are four feet long, made with hinged legs. On the arches
the key courses arc also grouted.  Where two-ring work is
used, a hall-inch collar joint is laid between the rings. This
ccllar joint gives a good bed for the upper courses, and should
not be omitied, or laxity allowed where water-tighiness is de-
sired. Even then water will find its way through at times, and
the writer has one section in mind where the sewer was laid in
15 feet of clay, underlying 20 jcet of sand, with plenty of
water.  After the work had been conmipleted some time, the water
was found in places oozing in small drops right through the
bricks themsclves. As soon as the carth has been rammed over
the arch to a depth of two feet, the custom here has been to
diaw the centres. This allows the work to proceced more
rapidly. and in small scwers with good backing no cvil results
follow from the practice.

The bricks used arc made in the city, are of a white or
greenish-white varicty, the hardest samples being more tinged
with green.  Their porosity is perhaps their most objectionable
feature, as they will absorb from 12 10 1S per cent. of water.
Bricks made from the same clay were used in the construction
of the old sewers here, some of which have been down 30 years
and appear to he sound. All mortar used was mixed in pro-
portion of three of sand to onc of Portland cement—the latter
being all of Canadian manufacture, very fincly ground and
giving good tensile tests. Concrete used jor backing or founda-
tion was gencrally made of 1-3-3. but on the scctions now in
progress, where a single ring sewer is quite surrounded by con-
crete, the same is being made 1-2-4.

Cradles were used wherever shaky or quicksand bottoms
were miet with, and were usually made of inch planks, nailed to
1 x 4-inch ribs, 18 inches apan, cut to the proper shape. The
ribs were usually fastened on the under side of the planks. The
cradles, which were madc in the lengths of 4 feet 6inches, were
worked into the bottom by the workmen standing or jumping
on them. In using cradle foundations the difficulty has not
been onc of keeping them up (as scems to be the popular idea).
but of holding them down, and it was usually necessary here
to strut them down until the brickwork was somewhat ad-
vanced. The cradics on one scction. however, were made as
described above. with the exceptions of having the ribs on the
inside and heing filled with 4 inches of conerete. which had set
at least 24 hours before being lowered in the trench. The
reasons for this construction will be explained a little further on.

On many scctions of the work. a considerable amount of
waler was met, but has usually not been more than could be
nandled by hand pumps of the ordinary diaphragm pattern.

Frequently two of these were required.  In some cases where
the bottom was clay underlying sand, a pump had to be kept
working over the completed portion while the backfilling was
being done to prevent same being washed into the sewer. A
description of the method used on sections L. and M. (which
are now being built), will suflice to show how the water when
miet with in or near the bottom of the trench is kept from the
werk.  This sewer is being laid along strecets adjacem to and
cecasionally crossing the line of Carhing's creck, and through-
out the entire length of two nules, its invert will be from 3 to
8 feet below the creek level.  The cutting is mostly sand, and so
far as completed (adistance of threc-quarters of a mile), there
bas been enough water to keep a centnifugal pump (with a
three-inch discharge) working steadily. The construction con-
sists of a single ring of brickwork surrounded by concrete of
varying thickness. To get this concrete in to the best advantage,
the bottom portion (4 inches) is mixed and moulded into the
wocden cradles on the bank, and is allowed to set hard before
teing lowered into the trench. The weight of these is about
seven hundred pounds, and they are made in four foot lengths.
To enable them to be casily caulked small strips of canvas
filled with grass are nailed to one end of each, and when the
cradles are being laid they are pressed tightly together. This
forms a very good joint, and is only required temporarily to
allow the inside ring of bricks to be laid. The pump is set
about 50f{cet ahecad of the completed brickwork, and when in
operation draws water from both directions, that portion which
is rear the sewer being conveyed through 2%.inch Jand tile,
laid on cach side of the cradles. Tkis mcthod has proved very
srecessful, and cffectually prevents the water and quicksand
from boiling up through the bottom. Occasionally entrances
into the sewer were left to allow the ground water to dmin
away. These weepholes are afterwards closed up, but not for
sceme weeks after the work is laid.

Glazed tile sewers were laid up to 18 inches diamcter, These
were jointed with neat cement—gasket being first used to pack
the joints. \With all 18-inch sewers and with some 15-inch con-
crete was used to pack the haunches. The scctions show the
wauner of doing this. Standard pipes were used, except on
onc deep section, where a thickness of one-tenth the diameter
was demanded. Considerable delay and difficulty were the
result.  Manhioles were built at from 300 to 4350 feet apart, de-
perding upon lengths of blocks, the principle being to have
onc at cach sewer junction. The greater part of these (the
manholes) are rectangular in form, being 2 fect by 3 feet 6inches
intide at the bottom, and drawn in to 2 {cet by 2 fect at the top
to suit frames, 1 foot9 inches by 1foot ginches inside dimen-
sions. Each frame and cover weigh (together) about 520 pounds,
and ventilation is provided by 81 holes 1-inch square cach. Iron
steps of 3¢-inch by 1lf-inches iron, bent and sct in the shafts
cvery fifth course of the brickwork, provide 2 means of enter-
ing the sewer. The walls arc of two rings of brickwork down
to 16 fcet depth, and below this an additional ring is built. On
the deepest sewers, however, the manholes were made circular
at the bottom, and were drawn in gradually to suit the squarc
tops. Six-inch private drain connections were leit at distances
apart varying from 23 to 40 feet, according to the property sub-
division. and where necessary cnough tile was laid to bring
ccunection to within 11 feet of the road surface. On the
deepest scctions no private drain  connections were left, as it
was thought more suitable to lay a shallow scwer later on.

Tile sewers are laid straight from manhole to manhole, the
bettoms of the latter, where direction changes, being curved
suitably. Change of dircction in brick sewers has been made
by curves of radius of from 30 to 100 feet, with a manhole
placed at each cnd of the curve. Where the north and south
sewers join at King and Ridout streets, a bellmouth junction
was built, having astone tongue 8fcctlong, and a brick arch
thrown over both sewers of greatest radius 3{cet. Where the
nnin sewer is at same depth below the grade of a future branch,
a drop conncction is made by means of a vertical pipe outside
the manhole wall. Occasionally two branch cennections have
Icen made joining with one vertical pipe, and in cach case the
conncction is open through wall for inspection and for use if
any stoppage should occur in the drop.

Flushing gates (closing against the current) were placed on



