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Joumfll ofSc~nn: a. TechlH)lol!Y 

I"'TAObt:CTlO~ 

B«uII .... ) .. 1(".1. ' ....ocal and 1Mo1Ds_1 pfttOOMt,.. " ....U, "\~..,.. 10 
Ihmnal dfeca: ....t _h ~1T«b.. ,f cwefull) ~ prn...d~ 
quanltlll'W dncnphon Qf 1M phmo;N,ocna iOJII!rtCK' • ..,J _AI 
,y~cAh .,., a,.,lablt: in ,1lOA tn",,-, c( SCot"', TItHe s)'SlCm~ 

lTKuurc ,i.her hnl or ntlc ofMil ",-o"-ion ('to' both 
Thcx ,lIQiur,menl ,y~""" ""'1' bftoII ,10" I) applltd 10 AlQrttlor moft 

full), uti)' '8" bdI~,ioor uf ((\fK~I~r) ""her by mO"'[(')"OIi Ihe 
Ittnp(' .t"I'I' n"l~toII '" IIh 1 ,n-.: "f an i~il" COt...~C1" lirUCIUrc o,"l1d b} 

"''')«1''', OOtK>Cle SJI«'ri'It'I) "tlh Il'It: NOIIC m" prooprt1 ..... I"~ an 

•• habllo.: CIonIIi cond,'1OtI IA lhe lablnt"') (I.1JJ TlM: ImIptrah1fC roM: 
due: 10 the h}'dnttion ratehon ,s • f"nctoon of bal ..... " beI"'«A ~ 
J!tMntiN durioJ III .. chemrul ~.JoCttoll and the he. loss from lhe 
oonc~tc. .,od ,I depends Oil lhe type c( CC'tftCfIt • lIlI'U~ of m""rli 
.~tts. m" proportion.•mblC:lll and pix,". tempeflll"rc. Slruo;l"~ 
son ~pt and tloc Iype of fo"""o"" .,,,", ,"sul.llon 
FCI' the _I flIn,.. of Old...,.. 1'ot11...d (CIMftI (0fC) Bott'''' I~ I 
obsot",_ thM ~ of toUtl helM 15 l*flI{cd bel""",, I 10 J cb») .flCO' 
"""'1'11 ,,"11 ".'t<'. 1S"'o III 7 dtt)S Ind ... 10 90 ~ of loW Iwltt ,1'1 6 

mullths O"t}.nd FO'\(5 I dct•• lNa lech"'qllC f<Jot' "~Iw"n! .Iid,.t.h~ 
Itmpcnlurc nK of ront.:I'I'IC m&lo.~:(61 prnc'Alnl. _Ihod of AoaKh'"lI 
,nSIlII 1C1'T1~ bc-N,iour of conc~c on umrlC"o of Ih. ~on.:~IC 
Ihrrcby inlroduc:lns Itm~urc "",Idled currnll lto.:hntquc 1M 
tmlpcntln nw dttlll for d,ITCUIt waion Ihd.ncnC'1l.nd d,ffrmll t~pcs 

of r(llTll'<l1:ri. "'~ prncntcd ~ H.rrrso.,l7) 11w rn:«dcd pi... ,.., 
ItmptDIII~ II • nwnltc, of 'tin '" ltot lr.. shcwo~!hal on ... n •. ttot 
placing len'peratu~ is 5"C allow lhe """1'1 d.,1) I,mptflllu~ '" am" "iIli 
",d T0110czL (2) ",d Itarri5Oll( II 50tIJtht 10 dcnIon~'"C" Ie<;hmqll( .nd 
bcnt'fll of dItt.tt obut,owd from II>< proo.:~, ,1'1 f('JNC.\!m@act ....'fIo'''III 
il~..h or ,oncrcw 1fI$,m 

Adoat.\", ealontnctcr M'C" ~ dc"eloped II) nun) tHnrcMn (~.9 . 1~). 
bullM)' d,rra- front..ct.othw"'_of ....pr. ..... _.dqrtt 
of IMUlMoon and _thod of Mal i"ppl~ TM )t.t~ U5Cd ,1'1 Ihos 
itl~csltpIlO" il u..,-.ded mod,fl~ 'Cf)1OI'I of 1M '~~I"" .x,eloped b) 

v..,,,,,..etM aAd TolkK/~o (:.11 1 he nco" "~,IC"m PfO' odes 10 .110" f<lor 
benft' h:.......IIfC _'torm~ con.rol .nd dttuo ItCq"'itllolll Aloo II 
_Iudes raClhly of I:OIItI'OIltnl (OOhnll "1~ of'OIIU~e spec"'I"'" 
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JcMNI of "'omc~" I«hoooIotD- ~ J ~,I-J, ..... 

ADIA8ATlCCURI~G 

Cono;_ " • poot CoMooc_ of hul. JO .....11)'. I'" rIk or ....1 
..ncr.ion "'IOUOII"mIlOC: I'UCI_ b«wown .._ ... ormem ...... . 
cancl('~ _1_ ~ ,",WI lhlll talc l'f huI lou fl'Olll e...ell.... TlIis 
_In ... lid 11IC1'f_ of ..IMI.I k~UI'f Hown«," h)...... ion 
PfOII'n'"- taM: af "';II pMf'IllUII decl'f~ and f.1I1 briowhaf lots 
...... Thnl 1M ~ 5tC._ bciln. I() coot ""'toeonllacr nc 
Inlcr>olll Itmporlllul'f ~~~Ior af. COflCI'fte _1I0I'l d IlIcrcrorc tkpmtknl on 
hHI fKIOf'J. ~. ~(..~n..n. ~"'*' ..~ and M.k>o.> ch_«'nMOC'I otl~ 
U'RC't'It ,"d ,I~ .....-r'\.'Ilnd,nl! en • ...--.om. • 
He~ amefJI"oo is IOIC'OIsul'fd u~.nG P"""~ of • c.lonmttoer Tllil i, 
uW'nI ..11) • I'fll<:hon .~ssd .urmunckd bv an en'-lRl<!nxntll OOOII"roc:r 
(.Iounxlal II'f d"ldnl broMi, InlO dIoac "~I'f Mat 11m to 
CII. '"""",!"II.I ~Iuornt.r "nI...jm'~ and LM'" ""'IT 1_ I'fIClIOll \-e>~1 
11 _,....tMd .. I conlr.)llcd IC"IlIptfllUIT Ibe r,ul dan is I'ffarcd lID •• 

adUlt... If conlroliood toempnltUI'f ,\ cootIoIIfIl_ I'" stcond c1aos. is 
"'!JiCd ,MJIltomnaI CondlOClk>ll nlo",_~ fall "10 1M Ian,.. c1_ 
'iomt ...I,',,"kItrI ~ 10 -.nIlI1II 1M I'fI("!IOOt \~I .. I 

JWOII~ or ,\tenor CO!ttrOIlN ,,,.It' ...a¥<lallft protilor The 
ICmptlll ~1'f mKMd cvr"" <lppllatvl ,,'".:h I)..,..... 10 .....nlalR!he 
",,,,onrntnlll ttmprfI(UI'f of c ....... ttc In( eubn ttl ImIpnlluro: of • 


«'O(1'f'Ie ,,,,,,".ro: i, .. r-.amplc- or ~"ch ulonmtun( I)) 

1M S) !.len. do,.,ibN In 1M ( .. II"" 111M J(uioll (of~).. ~ 'he pr '1II;lpk of ,he 
UIorIlIl<1cr dditWd <IS Idl.bIt',~ 

lIJ'GRAUF.O TDIPERATlR[ \11\T('II[.1I (:URING 
SV.!iT£\t 
nRI~(;T"""f\.S 
1'M JlCllCRI la.OUI (I' W ~yr '~J Uill~ i) <'(... .1"-"'11 ,II r,~ I nus 1$ 

($>0<"".1)) thu..m.:.. •..wnts dcs..,,~ ... ",f<'mOC( I~, T'IIIrft tanl..s 
..., ....rIC_taI t., • IWI....... ot In.ula.nt ~ plpn ,,1Itc.h .HoD..... 
tilt' eon.muos ch"lo(d.loop W"(ul .._ot..*rba..._Iw.... .....u 
Iftd dw ...0 ("''''1 IDJ.. 1M ClO'-&: ...... n_1 "'umber 2 _ nan: 
mtIdt froa dotoNor .~iIt hf8lt -",,,..,.._mit!. , I_f"," hd••ea 
..h...:t. .. ~ndv.",hod In ,niOllatllll la)er of 50 _ poIywnhaooc: r ­
IM "-'= of Ul:h taN. _iJlp<ntn 76 milt X SO III'" ,,,,,bn bIn",~ to 
.,:all) "'1,,,"lof 'I'«"nntl bc-tltll ClIl'fd In tanll 
<J.hlllised. umlplnt ,1ta:l sbnu In !I,d ...,.,. lankl for k-I 
d""lbutioo .nd ,1M) to pl1)(CC:1 1M "ut-flbl'f, "'111 frunt ICCit;knt.r 
d_lII<Il!r Hnl1t18 Uiltl; .....cIt from 10 I. ...... hoI·dll'pN pl"'n'ta.! "HI, 
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JOIa'Oil or Sc.mcc &I T ednolog:, ... ..:.1 J .,w ~ 
inwlation bting prm oded by gl",,;ng50 mm tl<pI"ded p!.ll~'rme ~heelS 
0010 1M nuutdo ,,,rf.ce ",.Ib I l>c:aH't,,,lam epv~) pI"e, [,panded 
pol}'slyTCne SMtU SO mm mM;l tOlfred In poI~lhe"c I,e used as 
,nwllunl hob 011 ,II tmks , 
"",Ier is mtul.tc:<J a,,,,,nd 1M ~'~~m ~ lhr~ pII"'I"', T",o or,hem 
P""'P w.ler from lhe bnl'R! ,an~ ,om I..~, numMrS l and} o~ M a 
("ne. TM wiler then mu.ns un<k. l!/iVII) no .. from I'n~ J I" tank 
number 2 back ;nlo Ibe heaung tank Pump} I~S;stso" rcwm"'H " 'altr 10 
Iht heal;n, taok . 
The lIe.t,ns ''''~ is also COllneclN 10 i duller IIn,t ",Iuth.;f reqUIred • 
• 1I0w'S lhe "m,u 10 be prr~oolcd 10 ~ starling Icrnpera,"re btkm Imbi~m 
Iu olalch Ihe slaniolt I."'per.lure "r r ......hl) lIli 'cd ~Ollcn:l. 

TH ERMOCOUl'LE CO'o/!>TRUCfIO" Al'IO CAUIlRATlOl'lS 
T)p!: T \~rmoxoupl~ ICOJlPC:r'CO~"I,n) ".I~ Il$<'d (or tempcrawrr 
ronlrol l1w: l'\'qIIirrd Ifttglh <>f IIIe Ihcrnooo;oopte" Itc ..", CIII ...d Ille 
PVC 105..1."",, IlIffOIIIldln!! lho: <nppc. " ..d ,,,,,,MUl.a ",tc.......... " cd 10 • 
ftnjllh Qf 60 mm frum me cnd In.: C'lK'Wd" Ires ",'re ,hen I"",ed 
"&hll) II Ihm lip "nd St'ldc,~d lI"ng • >jX"clal '~P<' T ",Idc,j,,~ "lfe 
Wlltn • s.allsfacI~ bead (dotl "J, f,""":d. II "al d ...."cd ",Ih emeJ} 
piper 10 r~"O<'e '"~ Impullte~ 

The sulik"'" mr.su,,"~ jll""\"~l of the thenll(IC''''pk "," Ins.:ned III a" 
open ended 51.i"loss $1«,1 IlIbe unlil JI 1..,1 l>ecOOIC ,,'po,cd b> 
approximaltl, 6OmIlI. lh~ c'po>ed end (~O mm I , .. " the" ,,0< .rcd "ilh a 
Ihic~ c".I'nlj. of 0.", ('nrin~ J~O beal '1I1~ «,"np(\~"d (Thi, ,,'mr"'"ld " 
'ery $ensi.i,'. In Icmpe""""", ""m~~lq Ih" ~,,,,mhl} "", II,.." [llllkd 
beck inlo lhe wbc, kut '"1,\ al 1"",[ I~"'''' Imm ~'["'...., <lid "llh.· h"",," 
IUM Thi5 cod "r Ihcl"bc " .. Ih,'" ""leJ ""h Ikl"",. 1:11 ">a",,d 
d"""',e 10 ,Ilennocr.upln '"c",u"nl,\j'm~II,>n r",," ad,,,, '" «",d""~,, nfI"" "Mer l1w: 01110:. l11d <II .he lUbe "as .I,,'.nk-d ",lh ·\'ald,\c and 
tU\'crN ",th • hUI .v.nnl to ti" c a h.:tlet pr>',~,,"(>n 2nd 'IrC"~lh dnnllg 
!he bandltng pruceu 

C.librahon Q( .btrnt,,>;uupb ".' """' ~ n"~"""n¥ ,he" "Ulr"" lI<1np 
• dal. prec""", ,60\1 dlg".1 ,,,hm,,,,,,, ,,,,II,, ,.,,,.11.1''''" III I ~' , " IIh ... a 
..or~l", le1llptr2Wrc or 0 ·C In hO ' ( I h~ m<","nn!; J"II\;I><W. <If 

''''nnocClUple ....1 subj~"':lt:d '" >lIllle "''''1'''1';1111''' mn~c "' ! ICi'" "r <"<­
",ing TfChnc I}B.401 IKi·lllod (' alibmt<1r '"Ih ,emf"""""" ,,;thiltt, ,.1' 
± O.OS or lh. reference J"n"'1011 ,,~, p);lccd In ~ .,'..... 1nl,,<~.,.d ih 
Icmperalllr~ "'.$ m ........ rcd n)' a c.It"'al~d Ihen""mclcr "I,,~h 1~ld 
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~""uralf- lemp"ratule read In!!" ·'n",rm.x:ouplo:. '" nn 

Jaurnal afSc:ltnce &. TecnnalullY 

",.gmfyinll g~ for 

output value .. ithin ± I )IV as I'«OO1mend~ by Hrlllsh St.anda.cI (14) Pan 
5 ",e~ cn'aen fa. u~ in the Tem~u.e ~bl.h~'" Curi"1 <;)"~tem 

CONTRO .... "f"AI.YSIS A1'D DATA ACQUISIT'O;o; 

The PJ!if1d~ S)li'Itm consists ahhe folio"'lng oornpoMnw 

I. 	 IB\f miCro-wmputff. 
2. 	 Thermocouple.nd onalol input (pc 73) .nd alitpul(PC 24) o:t.c"rces 
3. 	 Proportional fIO",er conlrolle. (ISM ~ornp(lIer) ,"d lX) Immer.,an 


~atcf!l 


This upllfllcled curms lank cantrol system pcrform. the folloy, Ing 
operations: 
I. 	 Itcll' ing '" Mer in "unng t~nks so as to folio'" till: tempo.:mhne 


aftollcretc. 

2. 	 AlIOtomnt ic moniturill8 ofCt'nCrCle and "'~Ier t~ml"'t'lItu"" 

IBM MIC RQ-COMPL'TF.R 
'J1K, IB"'1 mictIH:omptuer is used for cent~1 control. .nMysi••nd da\:! 
acqulSitlOl1. 1be computff perform.tM fotrawmg acTIons 
I . Transfers dall bet"'een analog inpur a!ld output d~"" 
2 	 C.lcul!les lemper~ture difTerern:e beI,,",,"n .on.rtle and "iler and 

then 
3. 	 ""nds. 'iSnal to heaters to equali'" temperatures 
4. 	 Ac!!> sends I pn.>pDnian.1 power controller to activate Imlllersron 

heaten to adjust temperatur~ cnMr by Beli'alillg 1.2 or all h3 I<W 
5 immersions heaten 
4. 	 Ston:s all d311 on files or tnlnsf~1"$ data to ponter 
S. 	The oulput data file can be easily transferred ,oather software for 

funher anftly';s and present.ltion. 

SOtT WAKE Al"i"» C01'l'TROL U1'rr 
IoCak soll"...~, rul.ultH: spreadsheet, "IS u.,~ in th~, In'-e:,lIgIItiOlllO 
read Infonnl1l0n from analog input BOO output bo.ords inlO ,ells in 
spaIIdsltct't This mfonnaliOl' is used s!ld IIp<bte<:ll' regular 'nte,,·al. to 
caiclilate ~d process hp""memal re.ult~ 
F.gure 2 J;ho"''$ dlae.rammll icall} the operatIon of Illeak and the geMral 

Jayoul conlrol Unil 
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TEr.tP(RATtRE MONITORI NG 

loClIk ~ WIS ins.llled a. 10 M ........pr1rt The 
.."".e_ 
lIIOI'II'on emf "1".1$ from _"0 IIltfIfl(IO;ollplu II Cc.cIY1( (()IIllol cube, 
alld SI~ thm'li,IWUplc plactd aI d.rTemM W IIOIII on !he CUf"', Ulnk 
u.:h value • P'KflJ ... ~I'MC cell HI Iho: spread lhca Tho emf 
.....11 an: CDn,,,Md r.. -kif <"vI 10 dll"'! IoIpwol by -Ioi 10 
d,..,u' oonH.1cr (PC .1)) baud ..hid is b:IoIed "",idu,...,.,..... r ... 
P<UIIf3mmc thao con."ru ..1"':1 ff" lbamo<oupIc:i (12 boll) 101M'" 
rt"l"«' I'C 1~!IIJICf1Ih"cs in dcK~ "C "SI"II • pol)'nomlll l..auullOI1 
kdIo."ItIC> (5.11 OnIo.r) I ..d cold JUncIKH' compms.lhon .. I"d, II'" • liohd 
~t... 1""'4*' ....... ~_(lM H · lo.<.r'('1 

1 be P'\'III""MlI_ IbN ~D ••",. lCO'"",' WIll'C oI~ .... ••~ 
o;ontrul cub: lcmpalllUft. 'Jlnco C'ONJIl_ we pou.blc-
I" C00••101 «ono;rdC k'mper.lhw II ._cr ./\an Ik..... IrmpnM""" 
br CQllltoI coac:l'\U Icmperal," IS oqual to tln~ ICmpcr.llurc 
cr COl1lrol eo.c~ 1tmperU.Ur1' IS 1I"'IItt ...." ..nl kmpem....., 
In QJC (I' proportl(M' PI""" ~1er(Campvl.I_ d,lTcftnce 
In ImIpcral"A! btt_ tank amd a)IIiroI cube Ind._ iItOCIIIdilllly on 

"oj. J (1)2001 26 2002(1)) .... 



Journ.1 O':..,S,.aClKf II: T echnolog) ....J If~ "-' 

the qwntll) or fnffl) n«dfd!O rtmiUolt I twolll'<:fd Mill eonlilllOn Th,~ 


os IKhlCVro by eOll.roll ins optr1l"Oft MI"nll unl's flO) l'W htaltn I "".eh 

can bt opc'r1I'tci md" Mlu.lI} or In COIlJ"1IC11I)n 

In eun (bl IIId (el Compultf leU loS I f'"'9O"i<MI.al P<>"ri' 0lfItn.>11tr 10 

111m II' ...... S)_ off tIn,,1 he." ,,+=ed 10 bd"", "'.............. 

",," 

'Wheu ..n ....... uku~ Ihtol klllI fCqlllrC'd to rn'<l«'~ 1»1...,.,. 
,pn:-.doh«' w:otdt I I ~ bot <~,\>C' 10. dl,.uJ 10 -'OJ! (on<crwr ' .. ,"..lid 
~Mt ~I.)! (D'A bottrd PC ~~ "h"'h .. locaced ,n.1Ck ,MC('JmpUI,-., 

"",eh eUl"IOII.n~ h'(~ItT$ 


The 5i","1 ~n:: ~~saI ~<e~ S _,,,,,Is.•ud dlot. " k!gtd on Ie> dlol~ 


file tH1) IS ",inu'Clforrut,,~rt1rlC<" Ihlldlol.n"htl..... s(em:d .o 

man} application for funher MIII)i'!>. I'M proeHl 15.d!o>-n Ii' flo" 

dl.lvnm shooon ,n Fip~ 4 

In . an "'ttoIfI'I 10 cool ipK'IMM .1\(, ,'"" btl rcKlwd the pnl. 10 

.cmpn......... \IIIIUIatN (ooh.., c .... t .. u IIK'd (·,.,. .It.., ~..... t"1I< "IS 

produced t.1oCd on ral diu oIluo,ntd _'inS: "'_....1......, l , ....hn~ 


T_tn 'IoooC'"lCT If "." ,;.....c 111M the (, ....In ~.",IJ "'''' ma•• h .M 

~Ulfed ralt o( coohnl ckma.1<kd ." ,h" "mIlIM(;I ~II"'( 
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[met or n",,!'tC ar.o;OIl1OfII 0", ~.,o.","'O(;£'AbM[1"£ltsor roocan. 
c.'O!'II(J.l.Tl "'I}; Ptilf(MtTJ00'6 COSC.[l[ 'IIXU 

Mt.I. I)pc _ profIMlOII _ II"" '" ht>lr I C<lnC'ft'tc "'" dnoJPCd 
follolwd lilt nvlhod ofmm.mum poI(»tC) propowd II) C.tJn:ra llSI 

~;-.; ~lrlb't: I Conorll'lr 101" 

"" 'r\'oot,obiIII)'r\' C IIlJOOK G~'." """ 51 ..:~ , , 04~DeC !Jl " " , , ,,~~ll0":0 " " , , !J)OK' "." '" 
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'C"O~''P C, ". CGCT~""~R~,C.SO·s"'v CiST~,C., '' ---------------
TIle <ubo1 ~ filled ... i,1I rOl>C~ .... d compac,ed ,n ....." la)cn. gOt... .,l:nIing 

IiJble In Iht ~ o(WIIC~ ",,,h hip w·, ...10 (OPe ... ,," .. ', 06S}md 

OPe ,1'FA ....,'t. ....',.00 SSI I~ _ibntxm .ime ..., ~<f)' shon '0 ..0lIl ",,!"!!.,Kln. 

Ancr ,he USI"" ..1<1 .·,bAll ..... the 5p«i""",........ c i<n...w...lfl} SIIdIod m'o'~ 


11<1'....';0 """"II ,;on~ With pllltS plarnl on ,I>: '(lP of 'nc "","1.1, ,0 prt><m Iht 

lOp .urf""" yf ,nc (I"'''"'~ boing ...cashed a... a) 

Tho '\I,," ,,~.. '~\'od ~I J. 7. I~. :!8. S6 ond 'l\) day. u\,n,. d'Miwl "",00"'" 

comprt"""~ rube ''''91'''~ mad"n" • To"IC P." )000" ....". ulod r~. ratt of ~ 


IC>IlIling "ft. J 0 ~N 'lo<'C. ,omplyin~ 10 BS 13K I p~" 116 (I 61 Th. r.... II. of ,h. 

e..he COII\fIn:>.iH won~lh for ,ho ""0"' m"•• arc plllllc-d ,n ~i~ur<' II '0 14 

."!;.,he, ... "h Ih~' o("5.:!11 IInJ 1\ "C for <nmpori",•. "" "ur '1"00" ,lIc.< re,,,I,, 

,"'" ,"" COIIIP<e"'''e ....II~!h ,"crO"'''", Ih. " c ,.,io dc, ,...... 110""',.,.. ,h, 

d,rr.n..,,« ,n ""'''t.h bt,,"~ .h~ 0 45 IIId 0" '" Cfill" <"n",,'.' i. ~",a.. r ,han 

,''''' bel,""," (' \~ IIId 0 M .;o"d.lte '" "II SCIIDe n"",bo:t'> 

n., r••uIU ",.he cub< eompl'l:'5Si~. """'glh ",h...<.ted ,a nuural tu"nlll TYP" 

I\) ...no.: c"""'l'I'll"d ",'h ,,,", Idt BI .1>< I"'a!. lIydrulOlll(rnpmt'lJt(' (Tyl'" B). 

II "a~ round tIIM!he Ipplicalioo ofll\e natural cooh", aile. !he ini"IIIIUIIlIg 

"l de ti'slll~ '" rt'all~~I} ht~' uhimale """'~'h ror .M m'Xf$ eOnl.lm'ng 

OPC 111 d,tTfti'm "iC milO H"",..,.·", fur ,he OP(IP~" concml' the ~,.,n,1h 


un<ltt r~~,,"e B !:'vc IIi,",,' ""lilts .h,n ma", lound f", CQllCrtlf cuted under 

regime A 

TOT" L VACUU I'tII'O ROSITl' 

-rile l"'lros"~ "JI mfa~ured r"lIo,,;ng '''~ p.inciple ()f ,OCuum ~a1u'alio" 


1,,,hn'qll" (11) 'I he ,"",I" uf 'h" la'nl ,·.,u,,,,, pof!'>i!y ~r( preJfntrd in 
Figlln" I~ h' IR. "" C',""lllmiu" of ,h.'.'" '"'Ull, Intli~"leS tllat I1Ic,e~,lng lhe 
.,,,.il\~ 1"",1<1 III JII "n"r"n",,,n,, prod.,«... I",,", f",,..,,ili.' ,i,...·" langer 
<"filly ",,,,,Id, result, in a J>fca'~"T "Cgrl-"C ,,' h~d,~\ion. 11", 'c~III'~ al50 !;/Io," 
.11", lh.' ''',~I ,..~""'~ inl;".''''''' a, ,he" '. " ... ,,' " ..:rc~",' 
t .~n""r.'..n "t Ih., "U,,'''' "I ,he ,,-mp:-ra'Urt matched <unnl; {Tyl'" A and 
I ~ I'C 1\, ""I ...,...... Ih" Ih. '<Imp,,", <un.od at I"'"~~ h)dra'ir>n 'empnalwr(Ty I'" 
1\1 "",,,lied ill "".,;.d~ lIi~"'.. 1<lIa! ~aLUUm plIfU1oIl' .han.hose ,ubjecln1 
<unnll I , ,..." -, "" " ....., ,~1IUIt1 f'OfOS"l ",I""" do IlOl cll:iln.:l' si.:n,ficamly 
ali", 1 .!.oJ"' I'lf 'he' 11'(' III"'" ",,,,'~i:tll~ .. i'b hi,",,' .. ·'c ""'0_ Ileno"""'. for 
,I", ,'a,< "' m" t JI'( '1'1 ,\ 1(,,'''' ' "JIt"" .·,~"i,,,,,, '0 d"'r~ase II~JKe thi~ 
"",Ii"I1' ,,,e h.:,,,,lil "IIII~'.~ c"ri"~ 'c"'p."~"",, when """I: PI''' iii. p..,ial 
rc1'1""0",,,,, I """,' r",) 
It ,~,k'ar fnllll III~'" r","II, "M' ml~ UN.'!I'FA c~k,bhed la,"c'I"jlOfOlity nrly 
ill :'l!" """" "IIn.oJ:1I hi~".r 1<!nrcr;llu"" co"'r'rW ",III Ir.u.~ curcd a' 5 and 

~I) O( Ihi, n'''''''g i. ill "~,"".",",,, ,,;'" ,h", ,,(, ,,,,,,,r re'''''fth.,,1 I 8-10) 
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OXVGVi P[R.'1E...1ULITY 

The o.IC)l!erJ permeabill1)' WlIJ me_red u~'~M Leed, ~le.(2I). 
Remhl of OXYF" penRellbihlY Me presenled in FiSUm 1910 22. lbe 
~ull. j", 01'<: concfC:le the pc~li!y jn.::«=Qe, .. 1M ...Ie ralio 
iIe<..'fQ""$ ... ilh I~f .. ilh less redoclion lIietJ di), of CWlnl. 
A compari'Wn of lhe: dfecl of the ImIjlCtltun: matched (urinl (Typa It 
and hp" H) ;11<1"""=, that SIImpln cured at pcalt hydl1llion lempetalure 
( r ypo.: B) rc>ultcd in ",latl'·cdy higher pefmCllbilll)" than those ,ubjec!ed to 
C1Jn,,~ T)I'<' ,'. 
The o~YII"" permt:ab'hTy ~lts of OPC/PFA mix fubjocled to 
lemperllure IMlcho-d curin, (type B) are gellCllllly 10....111" min those cured 
II 5, 20 and >S"C f'hc ",uon for,..::h bchl",ourea!' be Iltribuced 10 the 
precipi,ation cruud by the reaction ofthc PFA. Bakur (22) SIIggeslCd 
thll .. 1"le pla,n OPe m,~ prodl>CC poorer pore stJ\IC:tUfe and "i&bet 
permeabilny at lempcmllfl: lIig/>era..2O"C, I"e rHC:lion of PFA (....-!lid! 
mulls in Idditiot>al jlreC'pi14tion bm~ dc:nlity,,,& the bydralod cement 
pao;le) Ire 11$0 ao;c .....rcd by higher h:mpcnlture retultm, in Iowa" 
pcnneUrill1} aDd fi..... ~~. Tbe~ rempmllure aceelenled 
pr«'pollUOfI of rea<:tIOn of PF A can lho:refOR c~ for phpioo:aJ 
poor h)'dnued OPe wuttures ... ilhin sample, al Illghot lempcrat....., 
CONCLUSIONS 

l1Ie upgraded ,y~,em is an extremely ~ersalile and "dau~ely 
inexpcn,ive compU!'" comrolled clning fOf concrete. In thIS cu"", 
IYJtem rest lpecl~ns eQll be cu",d und~r lin)' ele~ued lemperalure 
cycle or can br:: Jubj.,.,lcd to l1li)' predetermined CCmpe"lU" cyc:lc 

2. 	 The 'nllCkqu.acy uf 20 "C $tandard tunng has been hiJhliJbtc:d and 
shown lu have IInle ",lllion 10 temperature muclled cunni. The 
-SyJlem U!oed 1n !be laboratory CUI abo be u$otd ,n pan o. in full to 
mon,lOr U\IC irIsiI:u beha,·iow ofstruttunl concrele in.itu. 

1 prA cunc:rete las been iIIown to be I Yersatile and etll'neerina IOUnci 
_erial capable or .ochievini lIip -t1h. low poro,ity• ...t 

perTnellr,luy ..tlilsl dewlap,... I Icrwcr heat of "ythlion .."iell is 
attnbvled 10, delay in t~ reaction or CIA 

4 	 The err~ of"cootrnl c~1c ofCO!lcrete on the COIIIptC"SSive Itrength 
IQusity and pc11l\ellbility ill clearly demllfWfaled in 1/1, !ishl or 
pres-.:! JUul!. 

Vol.J(I)2002 	 ]0 2002 (1)3 ... 



Journal ofScien(.e 0\ TIKhl101os;y 

.J 

~I I !~-
• • • • -:­ . .. 

---­ --- _. -. 
" .......( ••). ,,..""_ 0 ....... "'__~....... _ ......w"" 01l'C _ / __0._. 

i+~ , 

Ri" '$ ~-
I 

•--­--- ---­ _. _. 
"."...(:110). ' ....rin.l. o"""r. "'.........~1I1to1o' ....._W'" 0 ......... __0 ••• 

Vol.)(l)2002 .. 



• • • • • • • • -------

• • 

---- ----

!­
t i . l .. 

- - _. _. 

-
L1 

. ~ cr I 

. 

-
".......(21)' 'nUl...,. ~.n ,,-""_""ltiv ......... 


"'" O~ " 7 __0 .•• 

.~ ..' , 

. L ,r ~~ - .I­
. II+ft I 

• 

.
• 
-

• ~ • • • 
I 

• • • • -I -- _. _. 
,...,......(2.2). l,.tI1 ....t. ,,~_... ,._.......~ ...... 


..., .. 0"0 po w/__0 •• 

Vol.) (I) 2002 2002(1)) ~" 



Journal of Science It. T «hnolO!!y 

REFERENCES 
I Woolley. G R. "od Catlft'ra. J. G (1991)~ F.III} .ge Sirengih 
[)e,'doplllftu of fly A.h Concrele in nlln SIItl!!; TM Inl(flUIIIOIlal 
Confe"'''ce on 8kndcd Cemenl in conmuction. W1","lIy ufSMfficld. 
UK. 
2 Wain'Hlghl. P J., and Tol'loe~.k. J. J. A (19M3).. 'A Tem~ratun:· 
matched Curing S)'lilcm Controlkd by Mieroc ... "puter '. Ma]pZ.1ie of 
Conerele Reuarch. Vol. 35. No. 124. pp.I64·169 
3 Tolloczko. J. J. A (19H6r." Time Dependent PI"Ofl'M~s of heal Cycled 
slag Cement ConerclcS .. . PhD Thesis. DeparhnCllt of Ci,'il tn~. 
Univ(nily of L«ds. 4 Bogue. R II ChemistI)' of Ponland ccnlCII1 
Reinhold . New Vor~ 1'155. 
5 Dave). N and Fox. E N. (19JJ)." TC,n~fIIUn: Rise InllydratinB 
Concretc~. BUlichn" Res.:"",h ]>a~r '10 15. Hr..1SQ6 Blake)". N " 
Tem~ralUK Mald"ng Curing Both _An Aid 10 e~rher Form"n.... !olriking 
". Cone~. Ma} 1976. p ~5-~6. 
7 HarTlSon T A(lVllt: " Early-age crack conl.ol in concrete ~ 

ConSlructlOll hoduSIr)' Resnnh and Information Associalioll. London. 

8 H.rrlson T A (198J)." The Adi.bal..; Tem~f1Ilure R,Sot. Cuw Slrenglh -"and Modulus of Same Tem~f3tun:- Cycled OPC and OPCIPFA c.oncrel<'$ 
- . Cernenl .lId Concrete Report DN12059, 
9 Coole. M J. (1988)." Heat Release CharDClcrislic~ of Conc"'le 
ContBining GrOOlld Granulated BiaSI furnace Slag in Sillll,la!ed LarllC 
PQlUO" MagRzillc ofCoo crete Researth. Vol. 40, No. 144. PI' I S2-1 58 
10 Morabito. r . Barberis, r (1119)): Mea~urelMnt of Ad,abalic 
T~",~...rure Rise in Concrete· Concrete 2000. Published by E &. FN 
S,..,. 
II YO~O\.l. N (1985) 'Te~lIn8 AppamlllS for Mom",n!! Temperature 
Rise" n.c Cement A5!OJCilhO" of JapIlI•• Rc\ lew 
12 Cost •• U. (197'.1)" A Si"'pllf~d Model of Adilb.otic Calorlmet~r ~ II 
cemento•• Vol. 76. No.2. PI' 75-92. 
13 FontSter J A (1986) " ISOlhenn.1 CO<lduc!ion Caloflmetry • 
Conduclion CaIor;melry Mcning • King'! CalieF London. Programme 
and Ab:\.!rac:1S of Papt'fS. Londol\, 
14 grll;sh SI~"da,ds BS4917' Pan 5(19741.• Thermocouple Reference 
Tablc(ly~T) London. 

Vol 1 (1)2002 42 2002(1)3 ....... 




Journal ofS<;icnce &. Technolog)' UiII J r~~ 

IS C.tnn, J. G. (I93S)" The PorosityofCOllC~"Concl'C'eSoc:iay. 
Resew;h Sernin ... Leub. 
16. Bnlish Stand ... d Lnsti,u,ions (1983).9S lUI, P.n 1L6' Mc:dIod !'or 
Determination of Compressive .St~ngl/I of Conuue CIIba", BSl, ' 
London, 
17. Clbrera, J . G. And L)1I!idlIe, C.I (19"), "MeuuremealofCMoride 
Permeability in Su~-pl..ic;sed OPe IIKI Pozmlanic Canall MOIWI. " 
Inlernltlooll Confen:noe: on 'MtISU~mtn'.t Testing in Ci¥i' E"';-i.. 
,L~on,pp.279-29I.1)-16 

1&. GowriJllLin, N., Cabrera. J G" Cusens, A. R .• IIId W.inwrlght, P. J. 
(1990.)' Effect of Curing on Dul'llbility ", CorKnte International, pp 41. 

S<. 

19 a.bm'I, J G, ,(I9IS,),"ThClU.ofPuI¥erizedFaeIAihtof'foduee 

Ou..ble COllum", '[mpro¥tmmh in Cono::rete Ounbili~, llIomII 

Telford, London 

20 Wainwright, P. J. Cab~ra. J, G. Ind AIaInri A . M.. (1992)' 

Performance properties of pozzollllic mortars c...ed in hoi: dry 

environmtnl,", Concrek in He( ClimBtn, ProoeedlllP of the nird 

Inltrn.t;oNI RJL£M Confen:na:, Torquay, En&Jand. 

21 , Cabrenl, J G. &ndL~nsdaJe.,C.J.(1938)"A_Gu~ 


ro, Menu,ing die permeability of mortar and tonCl"m" • M."azine of 

Con~n:'CI Resew;1I, Vol. 40, No. 144, pp In. 182. 
22. Ne¥ille.. A, M.{ 1916)., " Properties of Concrete ", Third Edition, 

Reprinted by Longman Scien.tific &. Technic:al 

23 Bakker R. F. M. (19K})' Permeability of Blended Cemenu COfICICit::!' 

1st International Coofernce on the US< orFI~ ISh, Silic& fume Slagllld 

other M_nli by ProdU(:tS in Concrm, Montebello, Canada, ACI, sp 79, 

pp58~S. 

. 

4J 2002{1)J ....Vol.l(I)2002 

http:1983).9S



