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FOUNDATIONS.1 N ail purcly constructive work, te principal object is te obtain perfect
stability vith the minimum expenditure of nkterials and labour. In ne

part of a building should this object be more diligentily songht than in lie
foundtations. Genemliy covred up ul of sight. ant in ne way entering
it the uppaeCnt conatructional ottine i lthe building. utility is the one

grent test to be applied. Avoiding on the one iand ait inefficint founda.
tion which will imperil di uability of lte building, and on the other a
prodigal esxpenditore, where nuch is astted abat mighit be fuittully
employed u lte slupestructure.

To obtain tis mtan deirable mntu, il lia evidct that a caeful und
scientific investigation into, and adjustament of lte relations of tece things
nust be carried out, viz., itn, th weiglt and chamerece of the structure ;
and, le solidity of lite folundation bcd; 3rd, the scidti, form and nalerials
of lte footings. ,Tee three factors are snelo the same in tuto cases, and
it is evident that nu mere mle of ttunei metiod or so.cailed practical
experlice is a sec guide.

We otre i ta nor professional standing, as weil as te our clients claims,
ta give this imonrtant branch of construction mtuch carefui attention and
tuiy. While in this brief paper I ny unt preset anything that is new ta

many pesent, I trust il nmay be the nans of direting tonre of sur atention
ta this iîmportant nuatter.

Befoee coleting lte feunidation plains of any buikling, these tno
questions shutai altays be consideretid : ist. What is the aciglt of each
part of the building upen each sq. foui of lte foundation and and, What ls
the saie sustainintg load of each sq. font of lte fountation led ? Net util
iltese orenat Iest approximattely answcred. eau the sue, fom tnd ateniail
of footings be accurateiy determined. The weight of a building meay vary
in differeti places, and eue pari require much grenier bearing area than
mter parts.

h'lie foundation bed may not be homogeneous, and ntay require special
treatîmeni t nenk a soeld beering. Delore plans are comepicted, pits
shouli he dug, or ioles bored on tie site of proposed builing, in nrder to
reeal ehe nature of the fomdatien. lee shouh ld be extend sote diepth
below th proposed bottomn level of footings. ln ordinary seils, and for
ordinary hoses, 3 or 4 fret cîMghlt suffire, shile for Ieavier buildings, or in
shitiing or light suefs, mach deper tests tuast be ade.

Foundatiîn beds may be classified under four leeads: ai, those
incompressible under the load ; ed, those aone or les compressible
under te load, but not requiring an artificiai treantent; 3rd, those
requiting ariicial treatment te nabe thet capable of susniing tine load;
4t11. Those partly of the nature of twco or mre of the foregoing.

Strietly speaking. rock of gond quality nnd suflicient thickness foris lite
only incompressibIe Ionedation bed. Soit sandstoie and shaile should he
submatedl ton test before any vcery eavy weight is imtîposed apn them.
ine best authorities consider tit !4t I thoe crushing weight on average

santes ie the outaide itit of the sale oand for a rock led. Soetimes
tiere Es a very thiln trata t sunt rock, wid ant inefficient foundation
belon it. If te builing be heavy, and ilere ls any cause te suspect such
a cotingeey, est holes shouild In boedI. il lte rock e ueen, and tle
levelling of it likedy te lnur etuci expenîse. a level bed may he formed by
tilling oiu ile dtelressi ns with cetent conrte or if lie inequnlities be
large, bty building csei rublble with full, srong temee joints. Wher
the b df euk le on a consieable incline, sIps snlti always le cul te
formt a horizontal bearing il the rock Le subject te te action ofruning
ater, t may be advisable te lIsert anchor pins of iron ta prevent tho

slipping of footing clones. Wtere, owing te tie dip of ite strata, part of
lte teîteaion ges liner than the rest, this portion shouki always be imit
ut toi he leel M io bo m of rest of work e ith ceentait, sous te prevent seule.
nient.

Secondly-next to rock, strnag gravel mtay le considtredas an excellent
fetidatin, Et being almdt incomprneible under ortinary latid, an nt
greatly nffected by tle nctioni of iwater. h'lie safe load ltai may ho pliced
on a gravel ed othas ben variously estiimted at frot atela toO tous per
sî. tot. 'lite latter teight shuld itint te approximasited uness ite heî of
gravel ls very thick, or thee Es a good substratum utndet il. And liee i is
weil te remîembîner that lite cohesive pener of gvel being se slîglit. a good
deal deends oin tie intaitc of the sulbse. A strae of sad or clay
uernerath, sobject to tle action of caler. mîight very tetriaiy deeisoy
te sustaining strength of eve n deep bed of gravel. Mire especially

siouki this imater receive onsetieonti if ile proposed fonidation is S
elevated as ta le dtined by any deieseion ite tneighhonhood.

Sani, wheti net exposed o thlc action of ater, forms one of te best
soil inundations ut is ainst incompreasible, ant ils property of diffiusg
tie weighit latetlly as weli as rrtically, is a great point in its fnvor. For
tiis renson il may uder favombet crircmstanes be safly Ie-td wile tee
tons te the sq. foot. it owing to its ailiât nature, fonti:onts liit upon
i are exposed to nany dangers. The actioni of water wili at tont destroy
ie staitiiiy. and all sand foimeidation be ds shouli e protected ftron itsravages. Sometimes in this very otteîîtl ai ctiont. a new celenent of
dan e itrodnedel Detines lihatteere initemkhid toproect tint foîundtione
from sotratio. becomte easy chatnls fr tie escape of tie sand by the
action of water. 'lhe depth of a sand bed aei lie c aracter of the lider
Iying strata largely determines tire safty e such a fiaetdation. Frequently
an umlteriying led of rock or &tuf bilue clay forîs a table over which flos
tin surface sintkings of a Large area, rendeoring tre bottam portion of ite
sand bed n timoving quick sand. If this is en cfnefttd by aitificial means,
it may et sote tine nove ont in te dirretion of sente new uet. perhaps
for removed fromthe site nf tt building. 'ien, ef courue. a sitnkige miust
follow. On tl oter band. if sand Et relained in lis positihn. îer by
natura or artificial surroundiegs. its semi-fluid property of transmisioi o
pressire, is a grent elenent in lis laver.

Stih clay and mar, or as it is sometimes ciled, " hard.pan," forme an
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excellent finidalion If kep dry and away front atmesîpterie influence. il
i of course, lightly compreaible, but if the teigits ie uniformly propor-
toned, a sale load of fromt tio ta four tose per sq. foot can be imeposed.
lie essemia niauleent in all clay foundations is thorough drainage, for
ider the action Iof aer il le seon reduced to plastis mad. with little orne

soability. Titis drainage shoutl be dte beloe or at the tite the Inonda
io on als are built, and the irenches ahays kept dry. Of course in lths
ain ail soil foundaicons,it is essential lhat the footings he below tie
disintegrating efets of frost, and tit they be fuly proectedi frot ils
inluence while the builing is in progress. Owiig lo lis rention of
moaiseore. eay k very subject te the action of lust, and fer this measn
tootiegs placed uan it require te be deeper below finisled ground line
than those ounender gravel. All clays, especially hard blne clay. are very
sensitive t the condition of the atmeosphere, absorbing moisture in damp
wetiher, and cracking and splitmg in dry. Fr this masnn, clay Iounda.
tions 'hould be exposed s short a time as poaible te the action of te ar.
lhe expansie force of clay under the action of damîp is very grent, se that
lthe necessity of protectiq It fromt alterations of wet and dry is very
apparent. Foundtia ns en eel ciay should ni excee'd i M tons te the sq.
f. uiess lite uniforme ecigit and solaited position of the walls will admit
ofcostidemable sinkage.
'fltirdly-n soIt, homogeaneus soils, or mrade ground of uniform com.

pressibi Ey. foundation beds may he rendered suiticiently solid for buildings
i crtain classes by the cheap and simple metlied of planking. hick

plink or sqared legs. proprtionecd in widli and tiickiines te the weight
to he carried. are lait down n at least two thicknesses. Tie lower layer li
placetd longitudinally wrih the all anti the upper one transvt.rtely acerns
eall. Thre conditions, howoever, insi h present it order te mabe such a
foundation bed a suces: tst, the planking mont tnt he subjected ta
altenationof wvet or dty or to ordiniry ntuspheric influence, otherise
the wood will soon rot, and a setulement occurt; 2nd, the wreight of ail
mails, and ale widhs of footings under thens must be so wieil propollned
chat there wil be lite saule pressure per sq. eot under tie wholeof auking;
3rd, tie building nust b se solated, and of such a cliaratner thoit may
teitle unifonnly without dislodgetent of any part. Att timber useid le
such foundations shouai be cresotied, or otherwise preseved by some
application bolere being used.

In places where the're is a noderately soIt LouIndation, cn subject te the
acibon nI enter, n goed fieundation eId -ay he frei by the use ef sord
pis Or sand piling. This neethod of forîaing a foundation is toe le recon.
mnded. There is o chance of decay sui as in wood piling or planking;
while the distributing property of sand Es vatble. In forning the hoies
to recEive sand piles, il ls preferable ta make thet by drivng and tien
removig îLe wood piles. raîher ilion by borinig. Tle groud round th.eis mtuch moe compacted by such a proces, and the lateral transmission
of the weeight furibered. When the holes lmve Ieen preper y filied and
raued with damp sand, il is nacessary te put a bed of conc or planking
oer tihet. so that the sand amy not be fored up by the pressure of lite
surrounding earth. If mond be used in arenches, it is usual te spread it in
layers fuIly ramiing it as tlce work proceeds, until there s sufficient depli
te distribute the weiglht o be iniosed over tle whole botint surface oftrinch.

In order au seure a good undation ied that iwill uniformly distribte
the foad over a wide area, the moist commun netod is by using concreta
beds or footings. The great points in gond concrete nmakig are, clean and
pure materials. croect proportions, iterough iixing. and quick using.
Any concrele which crtains les than one.sixth of cement must lie con-
sidered a pour substntuni for any imeavy weigit. And tere il is well te
remember, thai concree is reaily an artifical rock, and that the projecirn
oa course ut tbeyond dhe iae of the footing stnes above il. shliti not
ordina ily be motre than hall tie hickess of taie concrete led. If thiis
biportant fc belh oerlooked, it my happen tha the projeetiig iee nf the
he;ily loaded comnete led will break it, nt te ares ea of uogbe so
reduced as to cause a sinkage.

lit silty, pety or very naft ground, the ustal recorse is to thier piliing
ta secevo n pruper foundation. If dbece he solid ground underneath itat
ca b mached ly n a u 24 fbat pile, it Es gentemly best te delve tant
rone. su thmt in reality they became pasts resting on the firet ground.
Usualiy il i nt wel te have a pile ecxed ao times lis dianeter; for il the
soil b senolehat hard il is difficult t proerly drive a loger e. hile if
the grond be very sot, il affords but itile lateral support to îhe ple. and
it becomes a stilted piltur. Te ouîside litit et a sale load us a pile resi-
ing on solid ground ai botoi, is about ane is. per square inch of area of
nîme crm section. WIcre there k lia solid subsratum ta support the
pi-es, they simply depe iimon the friction or coeievenes of tie soil to
hold tlemi. Usually a elle of titis description is considered fully driven
whien it des net sink tmore than one-half inch under a 12o lb. iiglt fall-
ing ao fea. The acximum sale bearing load of such a pile shouki not
ordintanly be taken as metore etn 2S Ibs. ier minuae inch oftarat of head.
In ail cases, piles should ie cul off below damp line to prevet deay. It
is is very desirable .cresae or ohesese atpply a perative t ail
piles befons they are driven. Wiere the pies ae loufar epari te receive
dirsctly ted centrally tue sieîte footings, ieavy tihrse should lie laid longi-
tudinally on toit of tiei, and the spaces filel iii with concrete. Should
tht senui-lhîid nature of the ground b suci that ordinary piliing wcill not
suflice fsr'a lon edtion bed, e- rse muestbe had ta neecal treatmet,
somewiat ie tie ie of one or timre uf the toldwing waps: Along bit
sides Of where tie wail is toe biellt, sheet iling is driven in to a suflicient
dpithi (umily nt mîore than frm eix ta ten font) te raain lte semi-lhtid
soiL if tin ground le not ton iluid, tlie suit iteen tie piles may be to
saie extent cottemuitd Iy driving in comesing piles. Considerable
judgmnt wilkl itvee lto exercised as to hiette such comtpacting Es
possible or not, or tie resuit may ie ait aggravation of the mnuky state of
tit soiu bteen tie see iing. in any ese, ome conmct footiing nus
te fred roc tire oil i betwe tt he shet pilin, soaiy yn o fi ut con.
crtie, sometiies by partial excavation ned refaiing swEh layera of sand.
Still anoier method, when the soil me vey fluid. is by planking and tihen
filling in willi enemie. Sometimirs when solid ground amy Le reached ai
considerable depth, hollow irue cylinders re sin. the soil ensie uremedi.
and tint wlua inide nuilt ui whi rubbIle or concetei, thus flrming soilid
piens ta support the superstruture.

In tire case o foundations under water. lite unal entliod is to sink
missons or conîstruct coller edaîms. and titen renove the water frot inside nI
saime util lite pier or scali are buit. Bat the further consideration of
ulaqureous fomudations ts rallier a brandh of civil engineering titan a

smîle p roblem in architectural constructin.
Fourtly-the mcut dilicult probieum ofall is, whuen thedifferent putions

ofuthî saue foundationbed u ofI nsidemble diffeence oftdensity. When
tle soît places nre neanow, ihey may beocrcome by arching or hit
When the sofi strata le of liteed depth, a series ef piers nay b smn tu the
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