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TEE ACTION OF HEAT ON CEMTENT.*
11Y J. S. c'uMifrd. S. P. S.

The modern tendcncy tarvards large
and higli buildings, with a skclcton
structure of steel, lias madie thc question
of tire prevention and protection anc ot
tic iixost vital imxportance to arcitects,
iianuC-acttrers, etigineers, and builders ia
generai. Counticss experutacats have
been mnade ta devise sorte meailS of
preventing tran and steel coluitins and
girders fronti buck-liag tînder great tient.
Piainly, thc oaly wvay this can be donc is
by so protecting the mietal that lîcat
cannot cornte anto contact witlx the îîxctal
surface.

Experiments have also been ruade, tnd
nunierotis scîcrnes introduced, to devise
some means af ii.iking a floar between
the girders that xvill withsîand the action
af lire, andI sa prevent a ire, cven if
started, front spreading from one flat to
anather. 1-iollov tule, brick, and terra
cotta have been tried wîith indifférent
sicccss; and at prescrnt tic :zendcncy is
towards using Portland cernent or con-
crete as a protection for ironwork.

It is not the purpose of this paper ta
propose or condemn any sclierne, or ta
introduce amy ixcw one; but ratiier ta
show %vhat realiy rnay be expectcd front a
mass af concrete or cernent wlieci sub-
jected ta gicat heat. The wvriter bas
carefully exarnincd ail -xvaul.iale literature
upon the subject, inchîding batoks and
trade catalogues; and %vhîlie nxany give
tests vviichi arc clarned ta be enîinentiy
satisfactary, stili, in almiosi cvery caïe,
the accounits g ve suci ncagre ialaiimatian
about the tests thieniseives as ta be alinost
useless, as fair as information is concernied,
aaid certainly so as fair as comparisons with
cach other are concerned. The informa-
tion as ta the action af the cernent itself
is, in cvery case, vcry meagre; aund ail
the information givea refers only ta the
conduct of the systcmt tcsted, andi no
information whatever is gix'cn as ta its
condition airet wards.

In mnaking thiese tests thrc brands; af
cernent wverc used-twvo Canadian braîîds:
"Star," inanufactured ait l)escronta, and
"Sainson," front Owcan Sound ; anc

foreiga branttd,"* Joisen," of Beigirx ixianu-
facture. Tixese cements were tixorougly
testcd for fincaess, streagtiî, and- blow-
ing," befoie using, and wvere fouad ta be
Çrst-clatss. The "Star" and 'Joqscn"
wvere comparaitively slouv-setting. and the
"Saunsan' set vety rapidiy.

Tests wcre iiade upon neat briquettes
and sand briquettes, îxxtxcd in propartians
af anc sand ta nuxe celxient, twa sandj ta
anc ccrnent, anîd thrce s.ind ta anc
ceaxent. Thxc ape af the brirp1 te~us
varned frani two îîîantiîs ta about totir
years. Over tivo liixdred bîîiîtettes were
used ia înakîng tuie tcýts.

The briquettes %vcrc heatcd in a sîîxail
assay fîîmnacc, ieaitcd by a large gas
btîrncr, and whlicli gave a range af
temperatures af front about 65o' Faliren-
heit ta about 1775' Fahîrenhîcit.

*P1iper rend, beforI, the F11g-,,eering Soceîy) or the
Schi~ or >~cia cinc ooo

The teuxperatures wverc detcriaed by
mîeaîîs ai a uvatet caioriaîctcî'; the
teixperattire ai the furnace beîng obtairicd
fronti the risc in temperattre ai a pint ai
wvatcr, ini wlxich lîad been iixnerscd' an
iron bail ai knowuî %veiglxt, and which wvas
1 eated to thxe temperature ai thc lurnace.

The teniperatures given are approximnately
correct. The calorinieter gavje gond
rcsults-différent readings, under rte
sainec conditions, rareiy ditTcring by maore
tixan ta0 or 15", wiiic i is very close for
such Itigli temperature-S.

On hecating the briqutettea.nd rernaving
front it fuirnaice, the first thing noticed
wvas a loss in weiglxt 'in the briquette; and
alrnast ail tient briquettes shawved cracks,
saie large anti sarie smal. Saune sand
briquettes aiso slxawved cracks, but not ta
the sanie exteat as in the nieat briquettes;
but thera %vas no exception ta tue change
in wveiglit. Thîis loss in weiglît is duc ta
the fact tuat the lîardened ceaxent is a
caîxxpouad ai lxydrated crybtals ai
aluininî silicate and calcium silicate,
and thc heat drives off the wvatcr ai
crystallization, and the loss n wveiglxt
corresponds ta the auxiaunt ai ivater ai
çrystatlization drivex off by the tixent.
Now, sînce the .rystals dcpend tîpan the
%vater for tixeir formxation, it is evident
tlîat ivhen the water is rcaxoved the
crystals are destroyed, and the cernent
ruîacd. Suici %vas iound ta be rixe case
in every instance.

Thlt briquettes, aier coaling sufficiently
ta allowv lanclling, %vere broken -ia the
testing machine, txc load being applicd
at thie rate ai about 4o pounds per
minute. The resait sliowed a marked
decrease in the tensîle strength, as
refereace ta Tables 1. and Il. wvill show;
and, under the bcst conditions, this loss in
teasîle strcngthi slxowed an appraximate
proportion ta the loss in xveight. Bri-
quettes Nvilxclî lost 19 or 2o per cent. ai
%veight, wlxiclx is practicauly the aimount
ai %Vater rctured for proper crystallizatian,
werc practic. lly unable ta resist any tond
wviatever, and in vc'y fewv cases passessed
la per cent. ai tixcir original strengtx.

The effect ai different tenîperatares %vas
ratixer peculiar Briquettes placed im-
nîediaiteiy mate a teniperature ai about
1775' FauîrcnheL shaxved a very great
loss in strcngth for a very small loss in
vcight, and did txnt appear ta follow this
lav ai proportion bettwcca lasses ai weight
and surcngtlx, ait lcaist mot nearly so wl
as briquettes trcated diffcrently. Whca
the briquettes wvere gradaally lxeated,
however, and allowed ta slowly rise ta the
tenip)e-a'Iture ai the furnace, tîxis law %vas
folaîved quite claseiy, as reicrence ta
tables xviii shîow. The plotted curves
give a gaod idea ai rice effect ai slowv atid
rapid iîeatixg on the relation ai the
ceiîct ta this lauv. Tis is accounted for
by the lacu that the cold briquette, an
b cing placetl in the farnace ait such a
great ixeat, is irmcediately suîbjected ta
very consideraible internat stresses, due ta
tîxcexp.-nsian ofthe outside ai the briquette
before xay xr;ter ai crystallization at ail is
drivex off. Briquettes, lxeited graduauly,
iverc not suîbjccted ta tliese internat
stresses ta îxcarly the same exteat as
tixase wvhicli ivere lixaead vcry suddenly.

An aiuîempt vvas inade ta discover, if
passible, a critical teixiperaumurc ta xvhich
it uoulil be possible ta subject the cernent
witlxout danger ai iajury ta txc rrystals,
axnd wvhere thxe cernent would retain its
coixesive pnwers. It %vas iouind that, if
sacu a temperature cxistcd, it ivas belaw
the loxvest ucîxperature gemeraited by rte
fumnace, îvhiclx ivas coîxsidcrably bcloxv
rcd ticat. The laxvcst temperature had
the saie efrect as the higlxest, exceptiuxg,
oficourse, tuat xvith the iaxvcr temnperatare
a longer timme ivas required ta effcct
the sanie reduction ai uveight titan with
a Ixigîxer mie. The Iouvcst tenîperature
neccssary ta dcsuroy the cemnent wvas mat
determimed, bat it is prabably quite iouv.

The foliawing quatatian front Heith's
IlManual of Lime and Ceaxent» is
intercsting regardîng tlîis. "Even good
Portland ceument cancrete, if cxposed
ta the xveatlxer during a hiot, dry sumrmer,
with no suppiy afi maisture availablte, %vit(
probably bc found cavercd wîth a netwvork
ai innumîxeraibie liair-like cracks, %viiicli are
signs ai the bcginniag of disintegration,
the raturai and inevitable resuIt ai the
loss of tlxe ivater af lîydraîion af thxe
cernent." (-lcati's Il Manuai ai Linie and
Cernent,> Page 75.)

The oniy txeat briquettes which were
not cracked ly the hecat wvere saune very
aid ones, about four years aid, wlîich wvetc
tested. Most at tîxese wvere uncracked,
aithougli somte rixat were very suddeniy
ixeated cracked soinewliat. Ali the newer
briquettes crackcd, the cracks bcing very
large in niast cases.

Aiter caoling, the briquiettes vvere fouad
ta be quite soit, and couid easiiy be
cruslîed betwcen thxe fingers. Th* s %vas
especially naticeabie ia rite case ai tîxose
briquettes %vhicx iad lost the most wziter
of hydration. Tixese briquettes %vere like
lumps ai dry mari or dlay, and a very
slight pressure '%vas sufficient ta crush
theun compictciy. Briquettes wlxich had
not lost sue nucx water uvere harder,
wlxile tixase xvhicx lxad lost oniy about anc
or twa per cent. of ivater vvere quite hard.
Of this latter class, however, thase bri-
quettes which had been heated suddenly
werc much the saiter.

Briquettes %which wvere cracked. on
rcmoving froin the furnace shawved the
cracks mauch distended and xidened out
on cooling, an-2 rrost ai tiiose wvhich had
mat cracked in the furnace showed cracks
on standing for a day or twao.

Ali sand briquettes, wlîietlxer cracked in
the furnace or not, cntîrely 8isintegrated
on standing la air for a time, the cementîng
roaterial lxaving been cntirely destroyed.
Thase saad briquettes ivhich had lost
most of their watcr of hydration disin-
tegratcd flrst, and those that hacl last !ess
followed soan aiter. Six briquettes oi two
sand ta anc cernent wvere piaced suddenly
in the most intense heat, and left for
about three minutes and removed. Thcy
Jost fromt three ta four per cent. in wéight,
and tvo ai thern whici ivere broken
showed a carniplcte loss of tensile
stren&th; anc bieakimg before arty tond
was applied, and rte atiier gaiag nit about
eîght pounds. The rernaiuuig four were
set axvay, and in a couple ai days com-
menced ta crumble, the edges goine first,
and leaving an itregular mass in the
centre. This, hoivever, resisted for same
time, but ini about uhree xveeks they also
ivere completely disintegrated. It %vas
thought tliat the sudden application ai
vcry intense hieat woiîid cauise the ivater
ai Ixydration ta be removed from the
citside. oaiy, and that the inside %vauld
remain solid, and resist wcatlxcring. The
results, lxowever, slxoved that althauàth
the atîter part ai the briquettes sukired
most, as is showvn by the rapid disintegra-
tian, sutîl the licat aiso affected the inner
part, and causcd its ixitimate disintegra-
tian. These briquettes were tao bit ta be
handled carniartably when weilîed, aiter
removal fromn the furnace, and àt is quite
probable that thxe hient stili remainng in
the auter portion caused a stili further
loss ai water ai ixydration in thc parts in
the centre ai the nîass. The lowv tensile
strcngth ai these tuva briquettes was
probably caused by the *sudden hieat

cau sing great internai stresses ia the
briquettes. Thxe parts af thc two brokeèn
briquettes aiso bchaved in the sarne
rmariner as the unbroken ontes.

(To Le Coainued.>

Mr. J. ïMaicFarlane, Dominion anaiysr,
lias gaac ta England, for thxe purpose -of
investieating and rcporting upon -,th
iltilization ai city sewage in Europefor
the purpose ai feitilization.


