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THE USE 0F CONCRETE FOR BRIDGE
FOUNDATIONS.*

liv jùoFcrIi Dit .urss WVisNsoa,.
'lae great valut af concrete as a sub-

stratuin for stne niasonry in fasandations
tapon darnp and yieiding soUls, and where
founidatians are built in watcr, lias been
universaliy recognazed ; but many engi-
neers are now using cancrete for theentitae
founidation of bridges, such as piers,
bridge seats, capinRs, etc. When properly
made it possesses the qualities of strength
and hardness in an aiost equai degree
witlî tht bcst stone anasonry, and is
superiar ta secandi-class rnasanry in these
respects, wile it lias been known ta stand
tht disintegrating citecîs af tht atmos-
phere and tht abuasion of running wvater
much better than some of tht harder
specimens of stone.

Tht prejudice against tht extensive uise
ofconcrct for fou ndations that s0 gener-
aIlly prevails bas doubtless been (lue to
failures caused by improper mixing and
handling, ar ta lack, ai care in tht selec-
taon and proportianing of tht ingredients.
In bridge fnundatinns the concrete is
composed of cernent, either Native or
P>ortland, anîd tht aggregate, "which is
usually sand and broken stone or gravel.

Trautwine states that in a lîeap of stone
pUeci laosely or in dry sharp sand the voids
occupy from îlîirty to flfîy per cent. of its
mass. To get tht best resuits front con-
crete tht voids in tht aggregatt siaould be
slightly niore than filicd. A proportion
very generally rtcornrnndcd by text
books is onc volume of cernent, three af
sand and five of broken stone or grave].
But in most cases, and especiaily tvhere
tht concrete is exposed, and is above tht
surface of the ground, I would recormntnd
an increased quantity af cernent.

Owing ta the lianited nutuber ofiquarries
in western Ontario, wherc suitable stone
for bridge inasonry can be procurcd, tht
owners practically control prices for such
work, and in accardance wvith their likes
and disiakes of tht engineer ernployed, are
tenîpted to fix the prices arbitrarily for
stone masonry. 1 therecfare believe that
tht engineers of Ontario owe it as a duty
ta their clients ta study carefully the
anerits af propcriy made concrete, and ta
apply it in place af stone niasonry whcrt-
ever it as possible. If this practîce wvas
fallowed it wvould only be a short time bc-
fart tht owners af quarries woaald recog-
nuze tht fart tiaat strorag competition iay
avthin reach ai every enigineer. At
present tht prace as at least thirty percent.
lawer titanî tht masonry. And if onct
canvinced tlîat ih is as good for ail praci-
cal purposes it should require na further
argument ta induce enigineers ta uise at.

During the sumaner af 1895 I iras re-
quested to prepare plans and specifications
for three steel viadaact bridges on tht
London anad l'oit Stanley Rai lway.

Nn. a, aver Kettie Creek, consasted of
fifteen piate-girder spants, ecdi tiairty-six
feet an icngth, excepting the two end sparts,
wlich irtre twenty.eiiçht feet an icnRth,
and ont truss spart of eigity-fave feet aver
tht crcck. Th1e girders rcstedon coiumns
braced tagethier transversaily ta farmi
bents, each pair ofi li ias braced to-
gethcr to forin tawers, tht bents varying
an heighit froni sîxteen to sixty-two feet.

No. 2 iras aver 'Miii Crcek, south af St.
,*Paper rend ai tiic ast annuat meting or the As.

sociation of Ontario Land Survcyors.

*I'Ionaas, siimular to No. i, but liait rio truss
spart.

NO. 3 Was over Zavitt's P'ond, ncar P>ort
Stanley, and has a totsil lengîh of 228
teet.

The sub-structure for ecd of these
bridges consistcd of a înasonry abutinent
at eil Ier end, and a pier of pedestai under
cach coltinn. The abutmnents wcre coin-
poscd of stone rnasonry to the depth. of
ten Ceci beneath the bridge scat, resting
on a bcd of conci ete of suffcient depth t0
reacli a hard clay fauindatian. Each of
the pedestals tvas cornposed of concrete
surmotinted by a stone cap four feet by
four feet by eighitecn incheg in depth, andi
pierccd tvith two anchor boits one and
one.eighth inches in diameter, and four
ta five feet long.

1 should have preferred ta have dis-
pensed with the stone cap, but had to give
way somewhàt to prevailing prejudice.
The concrete pedestals varicd in depth
from five ta nine and anc-hait feet, and
were in the shape of a frustruin of a
pyramnid tvith a batter of one in six, the
surface under the stone cap bcing three
feet nine inches by three feet fine inches
in ail cases, except those on either side of
Kettie Creek, which, were latger, iikewise
the stne cap surmounting them.

The pedestals were made as foliows:
The grotind tvas excavated ta the re-
quired depth to reach a hard clay or
gravel founidation, when a strong box
havinýg the required bat ter and praper di-
mensions was lawered into the excavatian,
secureiy braccd and properly centered.
The concrete, after bcing mixed, wvas
shovelled into the box and rammed. As
soon as sufficicntly set, the box wvas re-
imoved, after which the concrete vvas kept
wtt for about a week, and until no further
damage was anticipatcdl front the outer
layer drying too quickly, and robbing the
mortar of moisture whicii is so essential

tcrsallization, after which a mortar
bed coinposed of one part af cernent to
twocpartsdofsharp sand avas placed, of
suffilent depth ta receive the stane cap
and bring it ta the proper elevation.

The concrete used in thè nedestals and
beneath the stone abutmients wvas coin-
posed of one part Portland cernent, two
parts af sand and thrce parts ofbroken
stane. The cernent spccified for the work
was Star Brand Napance Portland, but
on account of the great dcmand for this
brand, the cnntractors, except in the case
af the latter bridge, %verc unable to secure
this cernent, and imported brands were
uscd.

Thse specificatons required : That tiiere
shouid not bc mare than 5% residue on a
sieve of to,oooand aliat the tensile strength
at the end of 7 days, a day being in air,
should be 350 lbs. per sq. inch ; that the
sand used should be dlean, sharp, and on
the coarsc side frec from loam, and of a
silicious nature ; that the stane should be
good hiard limestonte, broken so as to pass
throughi a two-inch ring, and just before
b.eing uscd shall be sprinkled with suffi-
cient water ta remave ail dust and thor-
oughly wet the entire surface.

The mode af prepaiing the cancrete
wvas as follows: Twa barrow-fulls of sand
wvere spread cvenly aver a piatforrn twvelve
feet by 12 feet. On tiais one barre] of
cernent wvas evenly sprcad, whcn the tw.o
ivere turned aver at Ieast three or four
times wvhile dry ; cnough wvater %vas then
.added to formî a stiff pasat. Aiter being
leveiled thet hree barreis of brokcn ste
tvere evenly spre.sd aver it, and rcpeatedly
turncd over until the ingredients wvere
tharoughly incorporated. It was tiien
put in place as quickly as possible and
cenly and saafficaently rami-ned.

In bridge Na. 3, six of the pedestals
wvere found over quick-sand foundation,
and with these 1 praceeded as foilows :
1 procured nine piles of sufficient icngth
and spaced as per annexed'sketch for ench
pedestal, and then drivcn to a refusai witb

a 2,ooo pouinc hammeirand sawcd aff two
tect betavecn the surface af the &,round.
instcad af follawiaîg the more gcnceral

paieof capping and flooring, 1 lid
tht csoU exçavated frorn two to three feet
below thc top af pales, and hiac tht con-
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crete rammcd betwecn, arotind and on
tap of the piles until suffcicnt height had
been obtained to receive tht cap stone.>
By this method the bearing power af thé
soul betwecn the piles avas utilized, as tvell
ais the bearing power of tht piles thcrn-
selves, and the whnit forrncd a monitic
mass wvhich cannot fail in part.

With reference ta the durability and
resistance of concrete to abrasion, I.may
reler you to a paper by C. D. Pirclan,_
M. Arn. Soc. C. E., in Engineering News,
VOL 19, Page 443, wvhtrc the wvrittr, after.
rtftrring to the mode in which tht con-,
crete piers wtrc buit, adds.

1«On Mlay 7th 1 had an oppartunity of in-
spctiiag then, aiter a ii.ast cxtraoidin.ýry ttona
in the river, caused by n vrater spaut, in which
flood the river rase one andi four-tcntiî fcet
abave the highcst waîer known, the current
being es*imatcdl nt from eighit tu nine tuiles per
hour, with large quantics oi drift running.
Among tht dzift,wcre cottan wood trees, twa
fct ta three fect ani diarnter, niany af vlaich,
I am.informed, brokc on tht piurs front the
force af the currena. No danmagc wvhatevcrý
wvas, donc ta the piers and no grenter inarks
1cRt by the drift than could bc niadc by a stick
held in the bîand and dragged across the sýar-
face.

Lt was the opinion af the bridge inspectors
of tht St. Louis and San Francisco Railraad
who watchcd thc bridge daaring the flood, and
who wcrc mien of couasiderabie expcricncc, that
had the piers been bilit af masonry of such
stone as couid have been obtained, .thcy wvould
.not-havebIeen.ahie ta wittistandatie drftmnd
thé bridâe would have been clcstrov cd."
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