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Introduction

During the last few yenrs there hns been more and
more winter construction talring place. Theroe hhve beon
various methods of heating ammresates for this winter
construction, come of vwhich heat the az~rernte iIn the nerr
vicinity of the heating elemonts to a very hich temmeraturec.
1ere hove been no extensive experineonts to dctermine the
effect of this hecting to 2 hish temrnercture on the streongth
of the finlshed conerete. The nurnose of those exreriments
was to determine the efiect, Af oany, of thls heating on

the strongth of the finished concrete.



Test Snecinmens

The conerete used in the sneclrons wos desl:ned for a
etrenrth of fifteen nounds wer s7v~ re inch occording tn the
mter cement rotls theory. The sond uced vog 2 groded clenn
sond with 2 grodins between O" ond 1/4" and with 2 finences
modulus of 1.29. The course a/recate used wes nade un by
mixin~ 3/4" ond 1/2" stone in enual narts, which rove a
fineners nodulus of T.54. The mixing for the cylinders wn
dome in 2 nixing pon bty hond. The mining for the benmns vas
done 1n a 2 1/2 curic foot “nith mixor. Curve "i'" wmg used
In the desin of the nlx. *nch boteh wnas teated for slumn,
and a consictoney of 5" to 6" slum» w~3 mointoined.

The molds for the be~ms were nnde from 8" chonel
sectirns to r~lve & beom 6" x 8" x 36" term. This was long
enoussh to glve tun bireal's on each beam. The te~ms were brolien
vith the 8" slde vertlcol. Cne bren’: was nade with the top
238 poured ond the other with the ton dovm. This method of
brenlsing would tend to eliminrte eny irresularity thot misht
be due to secrresrtion or variation in the conercte in tho
tecns  The cylinders were the standard cylinders, 6" in
dircmeter ond 12" hich.

A11 of the benms and cylinders were cured in the moist
curlnsg roon. All of the berns vere cured for seven deys only,
end port of the cylinders vere cured for seven doys, the rest
of them helin: cured for twenty eisht dcys. Defore breo'ing
the test pleces viere allowed to dry for o few hours end then

brushed cle~n. The cylindars wicre can:ed on both ends in 2



caﬁﬁinm ncelidine with lecdite to insure on even henrinng
over tiie vl:iole surfrce. An 0Olson Univeranl Testing
'nehine of 150,000 »nounds conoclty wos used. The benins
viere f~stened in nloce betucen the steel nlntes of th
testing machine that was btullt 2s nort of 2 thesis in

1930.
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Tho Oven

The oven that was used for heating the accres~tes wns
bullt cccording to the enclosel draving. It 1s commosed of
fire brick 1213 u» with s:n1l anmles imbedded in the bdbrick
at intervals to supreort the pong in which the o re-~tes
viere nlaced for heatinge The inside dinmensliono of the oven
vere 13" x 27" x 30" with the angles imbedded in every third
layer of briclze The ton of the oven was commnsed of brick
held un by more amnll ansles, the er~c’s betveen the bricg
being prouted full of morter. The cement used to 1oy up
the oven was & smeclal heat resisting cenent thot would
stand a teaverature of ckout twenty-five lmundred derrecs
fahrenhelte The door of the oven vas hung with hinges fron
the ton of the ovene It was made unp of a he~t insul-~ting
btoard and a nan of sheet iron wilith tho two inch snace betweon
thon f1lled with 'nmesiae.

The mnons in vhich the agsre-atse wasg hented were nade un
of eirshteen gruse shoet iron. They were made 3" x 10" x 14"
8o that 211 of the maoterial ploaced in the~ would hent tirough
unifornlye.

The oven vwng hezcted with gns, the burners being made of
pipe filttingse The goas was drovm into the burner and burned
wvith cire The air vias blowm into the burner pixing chonmber
throush a small Jet in such a wny thot the nrescure in the
gag line was reduced and thus more gos wog fed into the burner
than would otherviise have ontered it. The dectzlls of this

mixing chanher are shintm on the onclosed setche.



The tonmer-ture in the oven vwns reod with the ~id of o
tharmocesvrnle 20d o 1illivalt meter 2lon with o ¢chli*rrtion
curve for the counle uscd.The tleransesusle vns incerted into
the oven throu~h s hole left for that »rroose in the ton of

the nvone
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lethod of trecting crosrerntes

Te arrrerrtes to be used in o botch of concrete to be
nade into tect soeclniens was welshed out onvrexinotely and
nloced in the »ons for heatinge Iach tyne of ogirogate woo
oent in a2 »un by 1tself during hentinze The nons vere then
nlaced in the oven, the »ong with the sond belnz nlzced on
the bntton nn-~les ~nd the c~~rse stone woas mut on the oniles
next to the ton of the ovene The burners vere then 11t ond
turned um untll o lon~ £flome with a lisht YLluo inner cone
wna nreducede The tembernture was choe-ed from time to tine
ag the ovon would not rise at tno fact a rote.s Then the oven
ond contents had recched nenrly the declred hent the burncrs
were turncd dotm gso that the temmernture would come u»n to
the deslired volue very slovly. ihen the oven ond contents
hnd renched the deslred temmerature, the burners were turned
domm very lou and the temnhernture in the oven wes held cong-
tont for o perind of twenty rinutes.e The object of dninn this
ves to nn'e sure thot 211 of tho armresnte in tho oven hod
reached the deasired temmernture.

Aftor the cven hrnd beon hented to the deslired termmer~ture
it wog theon allowed tn ¢ool off with 211 of the contents still
inside. The henting of a botch weos done one doy ond the enol-
Ian of £ vina nllowed to o on over nisht and the tatcech wog
mixecd un the next Adaye

-
el

en the tre-~ted arreraotes vere rendy to te nmixed they
viere oo2in welshed out vory accurately ond then durmmed in the

rixing ron and nixed into concrctee In the concrete for the



tventy ei~t dny crylinders nll of tle batel:es were node
vith the orre arnmmt of nixing wvotere In the cnoe of the
goven d~y cylinders ~nd tho tost hemng, the botclhos vere

21) rmode vwith 2 alund of five incres ond the amount of
otor used to do this wrg rocorded.e It vng £ound thet the
gnnnles thnt hod been teoted to the hilchier temnwer-ture
rotulred nore rizing wnter ¢9 pive the sore ¢lumm thon did
the s~nles thnt were hented to the lover teoner~turcs.

This venld meen thot vhen nnterinlg arce kented to hich tonm-
er~turcs they will recuire noro wnter to rive thnt snrme
vorttabillity oo vhen hiected to leow temmeratures or vhen they
“re nnt honted ot 2ll. Tho resulta of the gtrength tests
show thnt there 12 no definite relation tetwecn the tomern-
tures thot the 2 rernrtes are hented to, and the strongth

cf the finiched conecretee.



Temberaturo

1200°

1100°

950°

800°

650°

500°

Control

7
1
7
Z2

Twenty el-ht doy cylinders

Totol

conne force

55,910
59,140
47,610
44,100
49,700
47,720
22,0720
43,190
39,690
47,530
43,750
43,570
33,610
42,610

Ibge. ner

8%e ine

1,930
2,100
1,690
1,565
1,760
1,695
1,305
1,530
1,405
1,655
1,550
1,545
1,370
1,510

svernro 1,627

Tercent

voeriction from

averasse

19.2
29.0
349
3.8
8.2
4.2
14.8
6.1
13.6
345
4,7
5.0
15.8
Te2



Seven day cylinders

Tercent Vater
Cylinder Totn1 load Ibs. ner voariation fron
8%« in. avernre &olse Ter soclz
1200° /1 45,150 1,635 11.7 9.54
2 53,050 1,575 23,1
1100° /1 23,550 1,010 3049 9.00
£2 30,100 1,065 27.2
o500 1 45,119 1,600 %94 8.86
72 40,650 1,440 1.6
800° #1 25,500 905 3361 373
{2 05,710 g8o7 3347
650° #1 44,730 1,590 8.8 8.44
#2 45,830 1,625 1.1
500° 1 49,820 1,710 23.7 8.15
72 52,150 1,850 26.4
Control 1 40,850 1,450 .9 8.53
P2 45,830 1,625 11.0

Avernro 1,463



Benns

Iodulus of Percentare Vater gnls.
Leonm DIreal: runture lbs. varisction fronm rer sack
ner sqg_in. averaozge
1220 4l 201 134 8463
i2 313 Seht
1160 #1 319 5el 8.29
e 373 12,5
250 a1 342 1.8 T.92
P2 200 10.1
800 71 303 9.5 797
ie 360 Tl
650 e 355 Se6 T49
72 220 4.8
500 71 366 9.0 Te27
72 320 4.8
Control 1 342 1.8 Ta72
72 331 o3
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Conclusion

he time thnt wos avallable f2r these experinonts vns
not long enoush for o very con~rechiencive study of the »rob-
len envelveds It was fovnd thet 2ot sone temrerntures thereo
vas a very narrted effect on the strength of the concrete.
At sonme termerntures there w-g o nor-ed incrernse in the
strongth of the concreote but on other strongths there vaa
a very rored decronse in the strengsth of the concrete. The
vorintiona in thic eirenpth at different temmerotures did
not secn to £01low 2ny definlte order or sycteonme. Trom the
ehove 1t will be scen thet ony definite conclusiong as to
thie strencth of concrote, with the condlitlqons encoawmtered
vould be sunerficial and »robatly errcneosuds.

It wvrg found thot the heating of the agrertes to the
hislier temerstures hod the effect of incerenscing the anount
of nixing vrter required to give a definitc slumne This
inerenae in tho cnount of mixing vwoter rnicsht decrense the
strensth of the concrete but the cxmeririents did not show

nogitively ~ny such decronsc in the streontthe
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