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APPLICATION.•

BY ERNEST L. RANSOME.
THE practical application of concrete may be conveniently divided intofour divisions, viz. : ist. False work. 2d. Materials. 3d. Tools. 4th.

Labor.
The second division can be usefully divided into four sections, viz.: A.Cem-:nt. B. Aggreg ites, C. Iron. D. Water.
DivisiON i.--FaIse Work-C-ncrete, in respect to false work, is un-fortunate in comparison witl other masonry because it notonly needs more

expensive centering whenever centering is necessary, but it also usually re-quires cribbing, whereas other masonry does nlot. This characteristicentire-ly prohibils its use in many cases where in ail othbr respects il would be de-sirable. and it is therefore an obstacle to the more extended use of this valu-able construction that should be miminized as much as possible. Of lateyears 1 hve met with considerable success by adoptng systens of standard
centering and cribbing. which, while not of universal application, are ofgrent use. permitting, as they have done, of the construction of flDors andbuildings that otherwise could not have bean attained ; but as this is of in-terest to the contractor rather than to the architect, I will flot enter into adetail description thereof.

Great difficulties have often arisen from the swelling of the sheeting ofthe centering or cribbing, caused by the wood absorbing the mcisture of
the newly placed concrete. From this cause many arches have been liftedand broken, floors cracked and walls thrown out ofline. By using sheetingboards of a moderate width. say six to eight inches, and beveling one edgeslightly, the boards may be put closl together and when expansion occursthe only effect will be tu slightly crush the sharp outer edge of the bevel,without lifting or disturbing the concrete abutting or resting upon it. the
widest side of such boards being of course placed facing the concrete.This is a very inexpensive, simple and unfailing remedy that from ilsconception I have used in ail cases, and since its use I have never had anytrouble from swelling of the timiter. Some such device as this is especiallînecessary in di y climates, also mn light constructions, such as floors of bitan incb or two in thickness, or hollow walls.

For standard centering or cribs, if of wood, il is advisable to make themof planed lumber. The surface Of tie wood sho)uld be thoroughly coatedwith common thick kerosene oil hefore il is lsed for the first lime, and be-fore each subsequent use it should be brushed over afresh with the oil, orelse with a paste made of castile soap and water. Fishai ol is objectionableas it is apt to injure the surface of the concrete, and linseed oil is generallytoo gunimy for this purpose.
It may be accepted as a general rule that false work of light sheeting, wellbraced, is more economical than heavier planks with braces farther apart.I arn aware that this is not the usual practice.The ornamental effects can be mucb more cheapy produced by recessedthan by projected work.

faklerialis.-Under this head cernent, by reason of ils greater cost and
active qualiies stands out preéminent. I will limit my remarks under thissubdivision Portland cernent, witi the exception of the following observa-tion, viz :

That whre rapidityb f construction is not a great object, and aggregatesare unusually cbeap l y tbe use of common lime. with or without some ofthe cheap native cements, properlv handled, work of good quality and ofastonishing cheapness can be made-one part of lime ta forty parts of ag-gregates not being considered too little in some cases.Portland crnent, a giant from its hirth, is striding rapidly along in theway of improvements lu quality hni price, so that formulas of tests thatwere thought severe a few years ago would not be considered sufficientlyexacting at the present lime to ensure as ftrst-class the cernent that wouldsuccessfully pass them.
The current technical literature teems with methods of testing, so that wecan hardly go astray in the selection of a good cernent. The three principalrequisites for a first class cernent are as follows :
ist. That it sets or hardens without undue expansion or contraction.2d. That il be sufficiently finely ground.

3d. That ils tensilestrengtb h itigh,
The usual methodF of ascertaining these points are:
st. The cake test. This test is so well known that a description of ithere is unnecessarv. ws- .- . - .t.. k. *. ..-.. -. .

tben that proportion which in a given measure and under the sarne limita-
tions as just given, will permit of the introduction into the filled measure ofte least quantity of water is the best,

is making such tests the larger the mesure the better ; a round measureis belter than a square box, and il should not contain less than two cubicfet. bte material also ought to be shaken down into the measure. It isdesirabe, wheo lime will permit, to make these tests with a mixture of one
f cemrelt tbre of sifn, but ordinarily with cements of equal fineness

tie relative srengt cf different brands will remain about the sane as underfle test with fiet cernent. oaidshagrat sFor fireproof work care should also be taken t avoid sucb aggregates ascoamin feldspar, and where the possibility of the concrete being subjectedto a long continued red heat is sufficiently probable as to b worthy of pre-cautions being taken to meet ils effects, limestone also should be rejectedfrom the aggregate.
To those who have studied the matter practically, it is evident that in thrlarge majority of cases the prejudice against the use of the duit and fineep rticles created in crushing brick or stone is unfoutnded, and the practiceof prolibiting these and substituting therefor ordinary sand is strongly tobe condemned. Lieut. Ines founi that both limestone dust and ground,burnt clay, gave stronger results than the purest sands, and tests and workscarried out under my supervision thoroughly corroborate this.
'he largest stone does not necessarily make the best aggregate. Forinstance, finely crushed granite is for some purposes inferior to finelycrushed lmestone, although as a rie the granite is the harder of the two.One reason for this is not bard to seek : Owing to the brittle quality ofgranite, in crushing il is not only broken into small pieces, but many ofthese pieces are so bruised and contused that upon a little pressure beingexerted upon then, such for instance as can be applied by the finger orthumb, they will crumble. With limestone and man>y other softer rocks, byreason of their greater toughness and elasticity, this is not the case.

Again, some atones, as quartz and the like, have surfaces of such smooth-ness that the adhesion of the cemnent thereto is not so good as that betweencernent and other stone, such as basaltic lava, sandstones and the like,which, when fractured, present a rougit surface. Such stones as these lat-ter usually make llrst-class aggregate. Broken stone, as a general thing,is a better aggregate than gravel. Sometimes a mixture of the two is pre.ferable toeither alone. Usually the use of one or the oiter has to be deter-mined by the economic side of the question and the local supply. When(rom sach causes gravel is selected, its quality can be greatly improved, atsmall cost, by runniiîg it through a crusher that will break the larger piecesas they pass.
The common practice of lmiting the maximum size pieces so that theywill pass through a three-inch ring is, I think, open to question. In massive

work, stones much larger may advantageously he used, not, however, if the
litî, f-,h - 1, 1ý,h, -r,4 - - -_ -- --

When first-class materials, in round figures and within the limits of pro-
portions between the cement and the aggregates of from 1 ta 4, to 1 to 1r,the crushing strength of concrete, when skillfully made, at a month olil maybe taken as follows it tons per square foot : Multiply the constant number
70a by the number representing the proportion of ceument usel, and divideit by the relative number representing the amount of aggregate used ; forinstance, a concrete composed of 1 part Of cernent to 14 parts of aggre.gales should, when properly seasoned, have a crusbig strengtg rf

74 -~50 tons ; when three months old the strength will have increased14
some twenty-five per cent., and when twelve nonths old il will haveincreased some fifty per cent.

Under this rule a concrete composed] of 1 Of cement to 14 of aggregatewould be about on a par with good brick work when a month old, and beabout fifty per cent. stronger when twelve months old. This rule reducesthe strength of the ccncrete too much as the proportion of aggregate is in-creased, but il is reasonably correct and quite safe to act upon.
SECTION C-ron.- l'he lensile strength of concrete is comparativelylittle, and by reason of the graduai though sligit shrinkage that takes placein all concrete structures tbat age in dry situations, should not be relied

upon in any important work.
For giving tensile strength to concrete, all modern workers of note nowuse iron in some form or oiher


