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ing dislocation of blocks bondedandarranged in horizon-
tal planes. Agaiin. in systcmi of ordinary horizontal bond
the ouiter enci of the worlc requircd to, be lcft in an uinflui-
islied condition, froin neccssity of stcpping back the suc-
cessive courses of nuasonry on cach other. \Vith systemi
of sloping block<s the outer end of worlc is at ail timies in a

closer and more secuire condition. Sloping block sys-
temn first adoptcd at Miatiora in 1870, and directly aftcr-
wards at Kuistendjie; thien at Madras and Colombo, and
lastly at 'Mormutgao iii 188o.

Vrernion H-arcourt says : IlMixecl systein, L.e., an up-

riglit wvall fouindcd upon a rubble nionnd. wili probably
have inost extended application, and of aIl varicties best
appcars to bc a superstruicture founded sourie 2o feet
bclow low water upon a simple rubfble base fornmed of
large concrete blocks laid with overlianging cranes
tipon sloping bilock principle, securely connectcd ver-
tically ani horizontally, and capped witlh concrcte in
mlass after seulement hiad ceascdl."

ildvantwges of uising concrete in miass or in bags
mnainly confined to smiall works, whicli would not justify
expenditure for plant, or to localities where stone is
scarce and fouindations firmn.

Disaciva>îIages are :Not suitable for irreguilar set-
tiement ; that locality should be sufficiently protectcd
to use piling and sea.stagîng; requires larger propor-
tdons of cernent ; introduces an uincertainty as to char-
acter of concrete below surface of water ; only permits
labor during tinies of comiparatively caln wveather.

In setting corncrete blocks two metlsods used-
froni staging and fromn cranes.

Great advantagc of cranes over staging upon ex-
posed sites is, while latter must be Ieft exposed to
stornis, former can alwvays mun to shelter, ani thonglh
thle first cost or suitable cranes for handling lleavy
blocks is quite large, their use dispenses wvith great
lal)or, ultiniate cost and delay incident to use of stag-
ing. Advantages are entirely in favor of cranes ; they
have practically taken place of staging in modemn
wvorks.

At KusbttnidjiL alone staging wvas tiscd, but total
lengtli of breakn~ater wvaL t>nly 253 lineal feet, and Nvork
wvould nit lia-c cconoulically carried any large ex-
penditure fi,m plant.

COMPO0SITION OF CO7NCRETE ULOCKS.

LOCALSTV. cernent. Sand. Gravcl. 3Soe lions.

Aberden 4 39ICustendjie 2..::...... 514
'Manora ...... 4 5M 3U4 1'3
Ymuidcn ........ 38
Colombo ......... 2't
Mormnugao ........ t 2 1 6 1 .9
Alderney .......... I 4 4%....
wVjck ....... I 2 4 .7
Dublin ...... 2r
.Madras ....... 2 2 ....

Parts above used are by volume.
Authority of best practice in work of this kind

seems to be the use of Portland cernent for manufac.
ture of concrete blocks in proportion of 1:8, of wvhich
sand equalS 2 parts, gravel and broken stone (2, nches)
for remaining 6. If gravel or clean shingle cannoe bc

economically obtained, the 6 parts of broken stone are
divided into 4 parts broken to 2ý' to 31 inches ring, and
2 parts clean scmeened stone broken to, ï inch to, ii
inch cubes.

UJnder 'Mr. Kyle at Colonibo, concrçte blocks of the

latter composition gave atter 3 months average tensile
stmength of ji pouinds per square inch of section, and
cmushing strengtm Of 4,231 pounds per square inch of
section. ro such a mixture of concrete isard rubbie
stone %vas afterwards added to extent Of about 40 per
cent. of entire volume wvhile materiai wvas being placed
in molds. Care wvas taken that none of tis rubble
came within 4 inches froin suirface of block<s.

At Colombo rnolds wvere remioved after three days,
an(I three weeks after blocks cotild be set. Manoma
blocks wveme three to four wveeks oid; at Mormutgao wvhen
about thrce wveel<s old ; at Kustendjie %vhen two wvccks
old.
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co

Loloinbo .. *... 14,2121 2:430,000 1320 40011 63 Ilo 124 .994t 9 7* . 7M adras . 7,836 2,402,000.138,;00 1 &1.. 202.3*3 3 77 $2 4 59
Masiora ...... . ,503 329000o 96, a:)1 8(1 3 00! 29.180 4 23 342
Marrnio ..... 1.1-,6 420:000 1 -9,500 39) 75' 56.900 4 10 52 4 62Aberdeen . ..... 30o5 373.5- 1 ... .... 22,511 3 15 974 12

l'its price includes cost of setting.

In connection with cost of concrete in blocks, the
cost of concrete in bags and frames foilows. Prices
given as in case of locks, exclusive of cost of plant and
superintenclence

L.OcAsI3Y.
Proportion of ctin coýt il

Concrec. Il.ags. Franie.

Fraserburgh...... 1:5 13:7 $6 34 1 $5 06
New Haven..........1 .8 5S82 :5 00
Sand Haven ....... 6 .... i4 32
Aberdeen, N. Pier .... 7 5 0- 4 97

S. Pier ..... à:8 6 12 3 90
wVickIow ......... 17 4. 456

No comipamisun can fairly be madle between cost of
bags, frame, and block system. In former cases work
wvas done in India, iargeiy wvith native labor and] em-
ploymient of wonien, and lieavy freighit chaîrges h.îd to
b- 0.;'ecI for cernent, tools and niachinery. lu latter
cases, though prices of labor may have been highier, it
wvas more efficient, and cost of concrete was in severai
cases iaterially reduced by use of shingie dredged froin
site of wvork.

Entire cost of works at Colombo wvas $3,274,000,
including dredging of harbor, fomeshore reclamnation,
shore wvorks,and aIl expenses of administration. Ainouint
in table, $2,430,000, %vas cost of breakwater proper in-
creased by its proportion of general and administrative
expenses. Ordinary labor wvas furnished by prisoners
paid at rate Of 37î cents per day of 8 houirs. Ceinent,
tools, machinery, etc., and skilled labor, %veme broughit
from England. Stone wvas bmoughit 12 miles by rail.

Madras-$2,4o2,ooo includes $395,oo0 for prelim.
inary expenses of surveys, railwvays, buildings and
plant, and Sx5o,ooo for superintendence.

Manora-$529,ooo, contains abouit $75,000 for
plant.

Mforimug',ao-$420,ooo, contains absout $2o,ooo for
superintendence, and $133,0o0 for plant and mainten-
ance.

Progress in placing concrete superstructure, Coloibo
-166 prisoners, 8 lirs per day, made 6 blocks perday,
and 309 prisoners, 12 hours per day, made 12 blocks.
,Sçason poýsible to work lasted six n1onths, during which
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