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if their niake dcpcnded upon the vcry scant knowledge
applied to the manufacture of cernent. The result is
that the contractor or engineer receives a cernent, a sub-
stance of undetermnined composition, varying in quality
withi every circumstance of its manufacture, and every
condition of its storage and preservation, and fromn this,
by the addition of sand, watcr, etc., lie must combine a
material the strcngth of wvhiclh lie is to deteriiiin e,
althoughi every variation in the inaterials of and in the
nmethod of conibining the ingredients wiil affect the
result. I would further recomiend that every barrel
of cernent should bo tcsted up to a Governiment stand.
ard before being placed on the market for sale, and its
strength, wvith date of inspection, stamped upon the
barrel.

\Vooden structures nmust of necessity soon l)ecome
obsolete, and the cost of timber is every year greater,
and the renewals and repairs are too frequent. Con-
crete for ail structures is very desirable, and for repairs
would be cheaper in every way, as wvell as st ronger and
more lasting. Nowv is the tinie to start and gain expe.
rience in this mode of construction. \Ve hiave at
nearly every hiarborthe stone, gravel and sand for the
taking, aad only the cost of cernent, labor and plant
required to do the wvork need be considered.
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BREAKWATER CONSTRUCTION.

COMPILED 13Y WV. G. WVARNER, TORONTO, FROM T1IE U. S.
ENGINEERS' REPOtTS.

(Cortrltded frorrî Septem ber tttumber.)

NIETIHODS OF CONSTRUCTION.

The superstructure of breakwaters at Colombo,
Madras, Mormrugao, Manora and Kustendjie consisted
of super-iniposed blocks of concrete arranged in a
series of sections, each free to settle in planes trans-
verse to the axis of the breakwater, independently of
the other sections. and without disrupting any bond
betwveen these sections, each section being massive
enouglh to sustain the shock of seas.

Superstructure of Odessa and Ymnuiden consists of
concrete blocks in horizontal courses as ordinary bonded
mnasonry. That of Fumne breakwater, in part of con-
crete in mass, deposited in frames in the water, s0 as
to make a nionolith of entire superstructure.

Di?.ENSIONS OF BLOCKS IN PIRST FIVE îIREAKWVATERS.

Height. IDepth. 1 Lengtiî. W~eight.
LOCALITY. (eet. I fret. i et. tons,

Colombo------------. 6 5%4 8. 9 and 14 17 tO 30
Madras------------. 8 4,9 12 27
Niormugao------8 4%4 13 and 17 28 to 37
Manora--------------8 4%12 27
Kustcndjie----------6 5 12 to i8 20 tO 30

At Colombo each sloping section of blocks, con-
strained from transverse movemnent by five ioggles,
consisting of oblong grooves in the blocks, filled subse-
quently wvith concrete in bags. These grooves were
eighteen inches at right angles to axis of breakwater,
and gave for cach set of sloping blocks a united cross-
Section Of 225 square feet. The general arrangement
of joggle-bond flot only connects several sections, but
also individualUblocks of each section, and seems to be
an evolution froni preceding methods. Mr. Kyle, the
resident engineer, stated that wvhile the systen wvorke1
wvellp it wvas stili open to improvenent!

At Madras blocks of eacli sloping section are con-
nected by a mortise and tenon, F4 inches wvide and 2j

inches deep, formied on top and bottoin respectively of
cachi block, but no atternpt wvas made to connect sea and
harbor rows of cadli section or several sections together.
In revised plans for extending breakwater, provision is
mande for clauîping together the upper pair of blocks.
This lack of transverse bond wvas the cause of part of
the injury to the breakwvater in 1881.

M1orinzgao-Similar mortises and tenons used as
described for Madras, and in addition a rectangular
vertical joggle 15 incites square connected eachi pair of

b)tocks of the upper two courses. Upper pait of blocks
wvere further secured together by 2-incli square iron
clamnps and a dowel of iron 7 feet long penetrating 3i
feet into the uipper pair of blocks. (Sec first article).

Manora-No atternpt wvas muade in any way at fîrst
o connect sections of blocks. Subsequently, %vlcn it
was foîind that the action of the sea displaced uipper-
blocks, an atternpt ivas muade to add to their stability
by inserting stone dowels betiveen top blocks and block
immediately belowv. The breakvater stili rernained as
two independent wvalls placed side by side without even
a conriection at top 6etwvcen theni.

Kustendjie--Blocks extended entirely through wall
in single pieces, and no attempt wvas made to connect
blocks of each section or the sections together.

In Colombo, M-adrai (revised), M\ormugao and
Kustendjie breakwaters, top of blocks, after Seuliement
had ceased, wvere tied together by a monolîthic mass of
concrete for entire width of superstructure and.from 4
feet to 6 feet in depth. This secured upper blocks,
protected top of wvork frorn pounding action of wvaves,
and largely reînoved dangerof injury to the tipper joints
of blocks froin compression of air and wvater.

Kii.çetidjie-Vhere sections of blocks were laid at
angle Of 48 degrees witlh horizontal, toe of lower Llock
liad a tendency to slip ahead, finally producing a con-
cave slope to transverse sections of superstructure.
From plate 2 it Wvill be seen that plane of foot of lower
rowv of blocks wvas at rigluc angles to face, and in setting
ower blocks, supporting rubble stone had to be placed
under base of block. This naturally gave block a tend-
ency to settle outward, and finally produce concave
slope described.

Mloriputgao-There wvas a slighit tendency for the
angle of the slope to flatten and become concave at 2nd
Or 3rd courses above base. J3y reference to plate 2, that
the lower face of lowver blocks wvas a compromise be-
tween forms used at Kustendjie and Inter wvorks.

At Colombo, Madras and MNanora no such tend-
ency towards slipping of lower blocks, and, conse-
quently, flattening of the slope, is alluded to.

At Colombo ultinmate settlement of tops of blocks
wvas from 8 to i8 inches. This ivas allowved for by keep-
ing otîter end of work slightly higher wlhen first laid.

Mfadras-Settlement 6 inches to 4 feet, latter over
bottom of yielding samd and mud.

M1anora-Settlement excessive, 3 feet to 4 feet.
Here the deposition of rubble mound only slightly pre-
'ceded construction of superstructure, an .d its seutle-
ment wvas not complete before superstructure ivas added.
Sand bottoni also yielded in an unexpected degree.

Morimugao-Settlement of superstructure wvas fron
1îr to 2 feet, and quite even in extent. The principle
of using sloping blocks arranged in more or less vertical
sections independent of each other, wvas devised to over-
çomie the difficulty appertaining to setlemçnt and result-


