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FOUNDATIONS.*

N all purely constructive work, the principal object is (0 obtain perfect
stabifity with the minimum expenditare of materials and labour,  In no
part of a building should this object be morediligently sought than in the
foundations, Generally covered up vut of sight, and in no way entering
into the apparent constructional outline of the building, utility is the onc
great test 0 be applied.  Avoiding on the onc_hund an inefficient founda.
tion which will imperil the stability of the buikling, and on the other a
prodigal expenditure, where much is wasted that might be fruitiully
toyed on the sup:
“T'o ‘obtain this most desirablc mean, it is evident that a carefal and
ientific i igation into, and adj ( latious of three things
must be carried out, viz,, 1st, the weight and character of the structure ;
and, the solidity of the foundation bed; 3rd, the widih, form and malerials

excellent foundation i kept dry and away from atmospheric influence. It
i3, of course, slightly compreasible, but if the weights be uniformly propor-
tioned, a safe load of from Wwo Lo four tons per sq. foot can be imposed.
‘The esséntiat element in all clay fe ions is th gh drai for
under the action of water it is soon reduced 1o plastic mud, with Jittle or no
stability. ‘I'his drainage should be done before or at the time the found a
tion walls arc built, and the trenchies always kept dry.  Of course in this
asin all soil foundations,-it is essential that the foolings be below the
disintegrating effects of frost, and that they be fully protecied from its
influence while the building is in ress. ing 10 its reiention of
moistuce, clay is very subject to the action of frost, and for this reason
footings placed upon it require to be decper below finished ground line
than those on sand or gravel, ~ All clays, especially hard blue chy, are very
itive to the jon of the pl absorbin s in damp
weather, and cracking and splitung in dry.  For this reason, clay founda-
tions should be exposed as short a tinte as possible (o the action of the air.
The expansive foree of clay under the action of damp is very great, so that
the ity of T ing it from al ions of wet and dry is very
apparent. [Foundations cn wet cly should not exceed 14 1005 10 the
ft. unless the uniform weight and fsolated position of the walis will adenit
of considerable sinkage.

‘Thirdly—on soft, homogencous soils, or made ground of uniform com.
pressibi.ity, foundation beds may be dered suffici solid for buildings
of certain cinsses by the cheap and simple method of planking.  Thick
plank or squared logs. proportioned in width and thickness ta the weight
to be carried, are lawd down in at least two thicknesses. ‘The lower layer is
placed longitudinally with the wall and the upper onc transversely across
wall.  Three conditions, however, must be present in order to make such a
foundnu:on‘bcd a success: 1st, the planking must not be subjected to

of the foatings. »Thesc three faciors are seldom the same in two cases, and
it is evident that no mere rule of thumb meahod or lied practi
experience is a safe guide. X

e owe il 10 owr professional standing, as well as to our clients’ claims,
to give this important branch of construction much careful attention and
study. While in this brief paper 1 may not present anything that is new to

of wet or dry oF o ordinary atmospheric influcnce, otherwise
the wood will soon rot, and a settlement occur; 2nd, the weight of all
walls, and the widihs of footings under them must be so well proportioned
that there will be the same pressure per 3q. foot under the whole of planking ;
3rd,l the building inllusl. b so isolated, and of such a character thnt it may
settle unifonnly without dislod i

many present, 1 trust it may be the means of dirccting more of our
10 this imporiant matter. . .

Before completing the foundation plans of any building, these two
questions shoukl always be considered @ 1st, What is the weight of each
part of the building upon each sq. foot of thc foundation ? and and, What is
the safe sustaining load of each sq. foot of the foundation bed? Not until
these are at least approximately answered, can the size, form and materia)
of fodtings be accurately determined. ‘The weight of a building may vary
in different piaces, and one part require much greater bearing arca than
other parts. . 5 5
“The foundation bed may not be homogencous, and may require special
treatment 10 nake a solid bearing.  Before plans are compleled, pits
should be dug, or holes bored on the site of proposed buikling, in order (o
reveal the nature of the foundation.  These should be extended some depth
Delow the preposed bottom level of footings. In ordinary soils, and for
ordinary houses, 3 or 4 feet might suffice, while for heavier buildings, or in
shifting or light soils, much deeper tests must be made.

Foundaticn beds may be classificd under four heads: 1st, those
incompressible under the load ; 2nd, thosc more or less c ressible
under the Jond, but not requiring an artificial weatment; 3ed, those
requiring artificial treaiment 10 make them cnpable of sustaining the load
4th. Those partly of the nature of two or more of the foregoing.

Strictly speaking, rock of good quality and sufficient thickness forms the
only )} ible found bed.  Soft i and shale should be
submiticd 10 a test before any very heavy weight is imposed upon them.

The best authiorities consider that Yth of the crushing wcighl on average
samples is (he outside limit of the safe load fora rock bed. Sometimes

thereis a very thin strata of sound rock, with an ineflicient foundution
below it. 11 the building be heavy, and there is any cause 10 suspect such
n contingency, 1est holes should be bored.  IF the rock be uncven, and the
levelling of i( likely to incur much expense. a level bed may be formed Ly
filling up the depressicns with cement eoncrete ; or if the “incqualities be
large, by buildisg coursed rubble with full, sirong coment joints, Where
the bed 'of rock is on a considerable incline, steps should always be ent 10
form a horizontal bearing.  If thie rock be subject to the action of running
water, it may he advisable_to insert anchor pins of iron 10 prevent the
slipping of footing stones.  Where, owing to the dip of the strata, part of
the tonndation goes lower than the rest, tns portion shoukd always be built
up 10 the leved of bottom of rest of work with cement, soas to prevent settle-
mcnt, . -

Sccondly—~—next to rock, strong gravel may be considered as an excellent
foundation, it heing almost incompressible under ordinary loads, and not
greatly affected by the action of water,  “The safe load that may be placed
on a gravel bed has been variously estimated at fromt one to two tons per
sq. foot, ‘The latter weight should not be approximated unless the bed of
gravel is very thick, or there is a good substratum under' it.  And here it is
well to remember that the cohesive power of grave) being so slight, a good
deal depends upon the nauwe of the subsoil. A strata of sand or clay
underneath, subject 1o the action of water, wight very materially desteay
the sustaining strength of even a deep bed of gmvcl.) .}Iorc‘ especially

of any part. All timber used in
such foundations should be creosoted, or otherwise preserved by some
aprlicalion before being used.

n places where there is a moderately soft foundation, net subject (o the
action of water, a good foundation bed” may be formed by the use of sand
pits or sand piling. This method of fonwing a foundation is to be recoim-
mended. ‘There is no chance of decay such as in wood piling or planking;
while the distributing property of sand is vatuable. 1n forming the holes
10 receive sand piles, it is Erefer.\blc to make them by driving and then
removing the wood piles, rather than by boring.  The ground around them
is much more_compacted b{ such a process, and the Jateral ransmission
of the weight furthered.  When 1he holes have been propery filled and
ramnxed with damp sand, it is necessary to puta bed of concrete or planking
over them, so that the sand may not be forced up by the pressure of the
surrounding carth. If sand be used in wrenches, it is usual to spread it in
layers, fully vamming it as the work y ds, until there is i depih
to di}al'lrihnle the weight 10 be imposed over the whole bottom surface of
trench,

In order (0 secure a good foundation hed that will uniformly distribute
the Joad over a wide arei, the most common method is by using concrete
beds or footings. The great points in good conerete making are, clean and
pure materials, coreet proportions, thorough mixing, and quick using.

ny which ins less than ixth of cement must be con-
sidered a poor subsiratum for any heavy weight, And hereit is well 10
remember, that concrete is really an artifical rock, and that the projection
of a course of it beyond the face of the footing stones above it, should not
ordinatily be more than halfl the thickness of the concrete bed, If this
imporunt fact be overlooked, it may happen that the projecting cdge of the
heavily loaded concrete bed will break off, and the area of footing be so
reduced as 10 cause n sinkage.

In silty, peaty or very soft ground, the usual recourse is to timber piling
(o secure a proper foundation. I there be solid ground underncath that
can be reached by a 20 or 24 feet pile, it is genemlly best to drive them
home, so that in reality they become posis resting ‘on the firm ground.
Usually it is not well (0 have a pile exceed 20 times its dinmeter ; for if the
soit be somewhad hard it is diflicult to proucrly drive a longer one, while if
the ground be very soft, it affords but little lateral support to the pile, and
it becomes a stilted pillar.  The outside Tt of a safe load on a pike rest-
ing on solid ground a1 botlom, is about 1000 Jbs. per square inch of area of
nkan cross scction, re there is no solid substratum o support the
pi‘es, they simply depend upon the friction or cohesivencss of the soil to
hold them. Usually a pile of this- description is considered fully driven
when it daes not sink more than one-half inch under a 1206 1b. weight fall-
ing 20 feet.  The maximum safe bearing Jond of such a pile should not
ordinanly be taken as more than 200 Ybs. per square inch of area of head.
In all cases, piles should be cut off below damp line to prevent decay. It
is nlso very desirable to crusole or otherwise apply a preservative to all
piles before they are driven,  Where the piles are (oo far apart 10 receive
directly and centrally the stone footings, heavy timbers should be laid longi-
tuclinally on top of them, and the spaces filled in with concrete.  Shoutd
the i-fliid nature of the ground be sueh that ordinary piling will not

should this mauter receive if 1the is 50
clevated as 10 e drained by any in the
Saml, when not exposed to the action of waler, forms onc of the best
soil foundations. It is almost incompressible, and its property of diffising
the weight laterally as well as vertically, is a great point in its favor, For
this reason it may tnder favomble circmnstances be safcly loaded with 1wo
tons 1o the sq. foot.  Butowing 10 its Mid nature, founditions baih upon
it are exposed 0 miany dangers. “The action of water will at once destroy
its stability, and all sand foundation beds should be protected from its
ravages. 8 Aimes in this very attewmpt at protection, a new clement of
danger is introduced.  Drains that were kvl 10 protect the §t
from saturation, lieconre casy chanacls for the cscwrc of (e Sand by the
action of water, The depth of & sand bed and the character of the under-
Jying strata largely determines the safety of such a foundation.  Frequently
an underlying bed of rock or stiff blue clay forms a table over which flows
the surface sinkings of a large area, readering the bottom portion of the
sand bed a moring quick sand.  If this is not confined by artificeal means,
it may at some time move out in the direction of some new outlet, perhaps
far removed from the site of the building. “Ihen, of course, a sinkuge must

suflice for'a foundation bed, reconrse must be had 10 sume special treatment,
somewhat in the line of one or more of the folldwing ways: Along both
sides of where tie wall is (o be butilt, sheet piling is driven in o a sufficient
depth (usually nct more than from six (o ten feet) to retain the semi-fluid
soil. 10 the gronnd e not 100 Huid, the soil between the piles may be lo
some extent compacted by driving in pressing piles.  Co

judgment wilt have to be exercised as to whether such compacting is
possible or not, or the result_may be an aggravation of the mucky state of
the soil between the sheet piling,” 1n any case, some compact footing must
be formed cver the s0il_Dhetween the sheet piling, nsually by o bed of con-
crete, Ly partial ion and rcﬂli'ling with layers of sand.
Still another metliod, when the soll is very fluid, is by planking and then
filling in with concrele.  Sometimes when Solid ground may be reached at
considerable depth, hollow iron cylinders are sunk, the soil inside removed,
ang the whole inside built up with  rubble or conerete, thus forming sokid
picrs Lo support the superstructure.

In the case of foundations under water, the usual metliod is to sink
caissons or construct cofler dams, and then remove the water from inside of
same until the piers or walls are Luill,  But the further consideration of

b founcati is rather & branch of civil engineering than a

follow. On the other hand, if sand is retained in its position, cither by
natural or artificial surroundings, its semi-flutd property of ission of
pressure, is a great clement in its favor, .

Sl clay and marl, or as it is sometimes called, ** hard-pan,” forms an

*Paper read by Mr. H. P. Gordon Lehre the st Annual Convemion of the
Onmr&e Association of Architects.

simple problent in architectueal construction.

Fourthly—the mest difficult problem of all is, when the different pertions
of the: sanie foundation bed areof consid difference of density,  When
the soft places are narrow, they may be overcome by arching or lintels,
When the soft stratn is of limited deptly, a serics of pices may be sunk to the




