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concrete after e xposure 
to e leva ted te mperature 

I/'I'/ (l$-" (If cOllcrde s trell.) tll !ol ,e TI opuscd tu Iligil er tCTTTl'cm­
tlll C(ilid /I,r. rec ove ry (If los l slrenstli dire 10 reilyrimlioTi of 
!llllick !ui/il liTllcilnUCUCCllslllriioi iTi n Ics l pIOg nlTTlTIiC. Tllc 
,<,,,ode I",s In'ell CYITf)s "til ll filII I' di/jell'lI l ICITIFCllllllres fin n 
,Iwali(l/l IIf fOllr II()I(r~. n,c I"'Iler InCSCTll s /I, Cdelnil s (If IIIC 
k~ 1 F'lIsrrITIIIIIC , res lilt S (I III! n! so C(l IIIIJn rcs /lIe sm ile willi 
rtl/ in ill llcs /igll lioTis carrierl (lIli nlmllld. Tile lini n will uc 
),,/1/11/ ill n~ sc;,s iTi g IIle residllal S IICTI~ill of cOTlcrclc nfler file 
'1111 iii iI~';, , 'ss iTl>; !lIe 51J'11rllllill rllil'l/f((/(1j (If firc·,Iisllcsscd 
' illIdlln:5. 

P,lIn;'gc ill cOllcrclc slruc l,lles cluc 10 firc dcpcnds 10 a grCi11 
!'\lcnl onlhc i olcl1s i I Y i1 nr! du ri11 ion o( (i rc . Thc dis Ir css i nl hc 
oncrelc "",oi(cs ts in th e rill'''' or U;Kkillg i111Ci S!101llillg or lhe 

,\lncrd e slI r(a ce . SOIlICI il ll es, dll\! 10 s\~verc ex posure the re in­
""CI'II11,,,t r,e l$ exposed ;'I III \ llVi sl\'d alld lhe ovel;'l\\ sl"bilily 
"flholrlll' lllr e becol11 es doubl(lI1. Itlhell l)ecolllcs ll eCCSS<HY 
h'''''I!';S lhe s lrllct uml ade<I";J(Y o( such rire-;Jrrvcl,·d s true­
h" <'" (()"" id<:rillg lhc r<:sidu;d s lr ellglh of connele O111d reill ­
IUl cing b;lrs. 

The I~ s id u~ l SI rengl h of cOl1ue\e 01 fler 01 ri re is gencr" II y less 
Ih;11I1il c ()ligill~1 design slrellglh II is difficul tl o es\i\11"I~ \he 
Il~\Il(li on ill concrelc slrcllg lil ill 01 (ire-,, ((ec lcd slruc lure . Tile 
!I""d pr ;l(\i ce (or assessmenl of COIl(T e tc strel1f, 1 his \0 cond uc t 
, ~rr;d ksls likc rebound h~ll1\11er lest, ullrasoni c pulse vcloc­
.1 les l, reson""t v ib r;lli on les l O1l1d 01(1"01 1 comprcssivc 

'r Ch.1k",hJrIL lA:p\ll)' I)in.:c\nr ;)l1d I h",d . CUl1lpuh'r Ccnln' . .t:nlrJI BldlJ­

IrK Ih-,t.·Jrch In:-.liIUII.:. HuorKt.·c . 2~7 ()(.{ , 

~ H.ShulI\J. r('chnic~ 1 OHic(.'r. CI..'IllrJl lhdlJln8 J{cscJrch Ins tlt u\(', Hoorkrc­

,',f'7. 

}.l-bl ~\'\\\I,\I. Stil:ll li !'t, Corn-putt'[ Ct'nlrc C~nl r"l BllilJillK HI.""S l' Jrch in<;\ iIU\ <-'. 

\1" ",,<· 2'17 &(,7. 

sl re nglh lest O( cores I"ken out fr o ll' the fir c-exposcd s ln\C­

I" res . 

Anolher mel hod of ;Jss<css inr, Ihe rcsid,,; l1 C(l(1 'l' r<'"i\'l' 
slr<.:nr,lil is 10 assess Ihe Il' ll1l1l'r"lure o( ex posur e III "'ilieh 
concrctc 1101s bcen subicclcd lv, und es lilll~lc Iherdr(Jll1 Ihe Iv ss 
in com l)[cssivc s trcngth. Thi s mel\ood or ;)ssessint; Ihe re~ilr 
ual cO lllpr ess ive slrengtil h~s Decn uscd .by iIl V('< lig;(lors i~1 

SOIll\' fire-di s lressed s lructures'·'. 

brli cl, v ~rious i"vcstig~tors h;1ve c01rricd o ut work Oil Ihe 

loss or comprcssivc strcllf,\ h of concrete ex!'oscd 10 high 
tCl1lpcr~lurc'·<-'. Thc loss or ccli llprcss ivc strcnglh u( conc rcll' 
wilh tClnpcralurc O1S oblained by Hi1r;1d.,' is gi l'ell ill FiS I. 
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• Cub"" found enl mblcd allhe lime of 1"'~n8 and Ir u. 

lIncicrt;1kcl1 whclcin 60 
cach of ccmcnt-"[;grcf,ate mtio 1:6 and 1:-1.5 IVcrC Q 

21\ cubes consisting of 12 u! 
we re treated ns 

and tesled for comprcssive strcngth <Jfter 28 dnys 
rcmil i ni 11(; cubes, 21\ c;1 ch (12 cubcs of cach m\~l 
1(21).), I\IX), (,(X);1ncl7(X)/H(X)"C, Out of l"c~e21 

tes ted fo r C()lO m~,« i,~.11III 

o ne d.l y "fter ex P ()~\l rc, 6 cubcs a flcr 90 thys, (, nltl'T 
and rcm<liuil1g G aftcr 365 d"ys, Inilii1 l ly, it \VIIS 
Ihc cubes wi ll be cx posed 10 thc highest tClnpcrn t 
bill this exposure c;1l1 scd extellsive cra cking In 11.­

It W;1S <1 150 [ound Ih;1t if sl\Ch cubes were 

rcmain for" longer period aftcr exposure, th~ y ,'~rl 

signs of crum bl i 111, <I SCi1n bc scen from Fi8 5, II wal 

that thc colour of thc sllrf;1ce turned to white, I mill' 
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It''Sled In compressIon 

Somc invcslig;1lors wo rking on thc s ubjcc t h<1ve found 1\1"t Test samples 
concretc g"ills ils s trcllglh instC;1d of losil lg bl'twecn tc mpc r;1­

1\ Icsl progrum was
tllrl' r;1llgc of llXJ to 3lXrc Fill 2 shows 50mc tcsl ,\csulls 

Iql(lrtl'd by I\br;1l11s', Spccimcns "'crl' hc;:lIcd 10 lcst tCIl\pcra­
Ihc lot;\1120 cubcs,

tliles "'hile st rc sscd to 0." f/, It m;1y b c obscrvl'd th;)t t~,crc is 
1:1\5 cc tncnt-<1ggrc!S"tc r;1tio 

S,lill in cOll11 Hcssive str c ngth for concrete w ith c<1roon<lle and 

~iliceou~ ;'[;f,rcg<1tc In' es, 

It 111:1)' l,c I\oted frolll/ ·iS.' 1 ;1 llt l 2. til"t the lo ,s of cOIT.'pres­
(3 cubcs o f c<1 cil mix) wcre ~ i \'c' Slr e l1[;lh ill COlTcre tc whell cxpos cd to "high" tClnl'cr<1tllre 


In;,y bc reduced to <lbo II I 25 to30pcrce nl of thc initi<11 strellgth. 


The Ims of strcngth of concrcle with tcmpcr<1ture <1S gi~en in 

the Tccllllic,,! R('p ort 15 of the Concretc Society, Lon~ol1) is 


fI'I'rlldll(cci ill r,S ::1(:1 ) "Ild the ~"" 1C h,l~ been fllrtil c r SI.lllPli ­

cubcs.lied 10 <1 ~t r<1ight linc plOI <IS in fiS 3(b) for consistcncy, with 

o ther doc uments". ' 

II h" , ;11 ,() b cc n obse rv ed by II<1rilcb' thi1t concretc w hich 

l1:1s h:cn he"led "t tcm~'cr<1t\Jrc bclow5C1fC rehydri1tcs wlrilc thc tempcraturc of exposurc 
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Fig 2 Compressive s'renglil 01 cancro Ie 01 high lemperalure 

(('0linS down <1l1d gl';1du;)lly rcg;1ins most of it s 

slrC llE,th.1l1c c omprcssi~' c s trcngtl1 is reported to 
rccover to <1 bou t 90 percent of the original 

,trc ngth "flcr "lxlUt onc YC;H, rig 4 shows thc 

rcc()\'~ ry of co mp ress ive 5t,rcnglh o f norm;)l· 

wcisht concrete hC<1tcd at viHious tcmpcratures 

"' ith t'",e . 

Aftcr COlllf'<1rin[', Ihe finding s of v;1rious 
,,"lh(1[S ~nd co nsidcrinf, thilt no d;1t" for lo ss of 
((1II\I,rc,si\'e slrel1(5th is ;1vilil"blc in Indiil, <1 t('st 

rrogr:1ll1l11e \\'ilS llndcrt<1kcn <1t thc Central Uuild­
ii,S /~ e, e"rc h Institut e (CIJI~I), / ~ oorkce, to <1SSCSS 

the lo ss of co mprcssive ,trcnsth in concrcte duc 

I" l'.\ posilre In clcv;1ted telll l'cr :1turc. Thc p;1per 
r,i\'('s the d c tilils o f the tcq p;1ril11letCrs t"kcn for 

illl ' cs tif,;1l ion <llld disclIssions on the loss o f con1· 

Ilfcssi\'e strcngth ill\d subsequent recovcry dur­

ill:_ Ihe c oolinf, per iod. 
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Table 1 : Vclails or lOO-111m COil crete 

Cnt!("JII.ag­ Tirt1l rJ(JP'".ul No. of 
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Fig 3 Comprasslvo Btronglh on cooling 
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FIll ~ Holurol rocovolY 01 cOll1prosslvo s lrongl!t 01 conclolo 

\ hou\od 01 vur\ouu IOlnporu\uro 

_tWh:" g'.Vt'U"i 

Ffg 5 Cu:lJe \Ired nleOOoC alld ollowod 10 lemaln 101 one yoa, 

10 be ler.tcd ,dler Y,5 II.IY' Clllll'! lllll be Icsled sil'le Ihe s,lIne 
sI1l)we,[ SigllS of crumbling . I\ller tlOling Ihis pilCll0ll1CllOll, 
lil0 Icmpcralure of cxposurc IY~S reduccd 10 7cxte for 3 sels 
of concrelc cubcs. 11,c slrcngl], rallo givcn in Tavie 2 arc 
rCI)rocillCcd in FiR 6 for CUbC 5 of 1:6;)[ld in FiR 7 cubes uf 1:·1 :; 

(\'lnl'I'l-0g~~rcg;\l e r;1lill. 

I 

DiSclssion 01 test results ... 
hOITl figs 6 <llld 7 II Illay bc concluded liI~1 Iile COIl1F' fl, , ~1\ e 
slrc l\glil 1l1<1rgin<1l1y illcrc<lses Iq)IO ~11 exposurc ICllll)er;llure 
of ;1boul t\()\JvC. 1\1 ICl1l1, er<1lurc ilit)her Ih"ll ·IlXfe Ihe slrcllSlh 

rcd uccs d I;1S IiC<1 11 Y<1 nd goes clown 10 ~s low <1S 25 10 3D percent 
of Ihc il\ili;1l·slrcllglh . 'I his is in broad agrccmcnl wilh Ihe 
obscrv;1liolls of Abr;1ll1s' <1S givcn in Fig 2 , allhough Illc 

pcrccnl<1gc incrc;1sc i1\ slrcllglh inltis lesl scries "'<1S less Ih,1Il 
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"( nht--:. !l lIm,,1 ((U Illhled .:II Iht.: I i Ill\.' o( I c:->Ii "); JI)J I hu s could not b~ IN kd in 

. UIJ'J)lI....,~ i ll (l 

·1 1", CUIl('S wcre c xposeJ 10 llic elc v:llcd \clllrcr~lurc for" 
dlilill io tl of ~ Il( l lirs. Till cc cllbes IVcre fircd silllull~ncously in 
,'''''llilC'' ;)11<1 wcr('. Ics\cd ill;) ((Jllll)(('ssioll 1('slil1f; IIl;1chinc;)1 
1<1 '" .1,1 )" II\) ,I"l's, I!Ill d,ll's "'It I :V,S d"y' ,,(tel' firi,,!; . T.lil/c I 
,, 11'(" Ihc ,kl,li" (If Ihe cJlbes e XI)os"" I,) v;)riolls Il' llll )cr,lIl1r"s 
dl\(I I C ~ ;l c d Ihcre,lflcr al differelll lilllC in\erv~ls.·[ hc s~Jl(IJl5cd 
Ill r II1;Jkin f, Ihe cJlbcs W;1S loc;dIY-;1v;1il;Jl>lc rivcr S;111cl, ll;1ving 
lil \l '11 C',~ lllll<.I,illlS of ,\rOllll" 1.:1 ;1)111 2()·mlll dowil sili<:c()JlS 

'; I ),Jr,"c l1~_; rl'~;i1tc . 

I Ill' ((lllll)le:;si"e SlrCI,!;lh of Ihe cubcs eXI)Qscd to clcv;)ICd 
11'II ' I"'I;1lur" Jnc! expresscd ;)5 rJlio of Ihc compressivc 
,.Ill'll/;Ih of Ihccoillro l cubes (les\cd Jfkr 2fl-dJy cUling illlhc 

LiI)()1 ;llory) is gi ven in Tllble 2. I I l11il Ybe Ili l led lh;) I three cul)es 

"11 :(, c c1l1elll-"i;l~lq);1le r;1lio, e:-:poseJ 10 H(X)"C ;)nc! schcdulcd 
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in Fig 8 for concretc m;'\c\e with l'ortl~nd ccmcnt. II 
gate C<)IlsiSling of s<1nd from river de~)oslt and 
g<1te consisting of flint, Fig B indic;ltcs th"t los5 in 
slrength is subst<1nti"lly less when tl)e concrete iJ 
Sincc mGjority of structur;,\1 concrele will be strcm'll 
under de~d lo"d at the timc of exposure to fire. 
c;ltion to the previous d;lt<1 of Fig 9 is <1dvisablc_ 

lhe observ;'\tions of \-I<1r<1d,,' (Fig~) rC[;ardilig 
compressive strenglh with time after exposlIIc. duc 
dr"tiol1 h<1s "Iso been confirmed in tbc present stud, 
shows thc recovery of strenr,lh witl) time.,s 

present study b;Jsed on FiX 9_The recovery h"s 
even for corcrete cubes he<1ted beyond 600"(, 
i1ssessment of the rceovery of compressive strcngth 
be obtained from Table 2_ 

Conclusions 
The following conclusions 
presen t study: 

0 

!: 
c. 
, ~ 
~ 

~. 
"E 
0 

(i) The test results presented in tbis p"l'cr 
inC\ie(llion about the increase in 
strength for exposure to lower 
range <1 nd decre<1se to higher r""gc, 

(ii) With time, thcrc is a recovery of 
strength due to rehydration of concrete 
recovery 111"y be i1bout 80 p'crcent'or Iho 
strength, 

(iii) Thc curves presented f(lr thc loss Ofculilwlrt:ll.­
strength due to exposurc to bigh 
In"Y be used conservi1tivcly since the 
b"sed on ul\stressed concrete cubes, 

(iv) -I he results IJrCscntcd in this p"perarc 
il1vestigi1tion of structurcs distressed due 
eident,,1 fire. ror "ssessing the stroct \ll~1 
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FI,,) 7 Ciinn Slc In c0n1[lres9Ivc slrenglh 011 exposure 10 ~Ievoted 


le n1 [lero lure (I: 4.5 cc me nl - a ogre gale rsllo) 


Ih~1 (,b l~in ed ill 'thi~ ~tudy. 


The l ", is S()Il1C rJiff~renl'e of ()~;il)iol1 ilS r~g;1Tds the il1crcase 
o f (\) l11prc>sive strcnf,th of COl1cretc at the tempera turc range 
2(Xl to 'IlXrc. H~1Ta ~ I(1), fyblhotr(1' and others havc shown no 
such incre<1se on heating, Fig's 1 al;d 8, 

r'8'J shol\'s the (1ver<1ge ch<1nge in co"'~)ressive strength of 
,('"nell' l'pnsitkri"r, COIKretc cubcs of buth 1:6 ;lnd 1AS 
\-(''''~' I)t- :1~~i;r('E:1te r;)tio. 1110bsencc of (1dcquatc tcst dal;), thc 
(un'cs <1 <: Si \' el1 in Fiil 9 ror a sscssil1S thc rcsid u a I st rcng th <1 flcr 
differenl period of exposure m<1Y be i1ssumed for desig" pur­
I'()"c' The usC' of I his \\' illlc;)d 10 conser v;ltivc results since it 
i, k"(lwn 111;lt the strenf,th reduction of co ncrete stressed ;)t 
11K' lill)e of IIC'"liIlS is less tha" tl1;1t of unslressed concrete. 
I\·hlhotr,,' hil ' re l' OTtcd .the innucl\cc of 10;lding and tiH? cc­
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PRODUCIS 


• 	 Apply over rendered brick work, bric k 

• 	 Resi st ance to complel e immers ion masonry or concrete surlaces, 

• 	 Exc ellent adhesion st rength on all common 
building rna te rial s AeRO CONSTRUCTION 

• 	 Tile fix ing-permane nt AIDS PVT. LTD. 
• 	 Inc re ased re s istance to s ails, oits, sewage. ~ Munsht Nlketan, 1110-B. Asol All Road, 

chemicals , chlQride and ca rbonation ~ New 001I1i· ll0002 , Ph,: 7341 t4. 734852 
• 	 Highly workabl e. fa st er pl Olc ing Fax OII,77746{l9 

• 	 No sh linkage 11• . : 031·62680 ACRO IN 

• 	 Sullicienlly lIexibls to taks normal movements Grams: 'PAINT MAKER' 

Acro ollors B broad ranQG 01 waterproofing and construct/on chemicals , 

• 	 ACRO I • ACRO 2. ACRO j • WATERSEAL. ACROCRE1E. ACRO CO TE. ACROFEX. ACROFLO. ACROSUPAFlO 
• 	 ACnO FLO AEA. ACnO GROU1. ACRONffE. ACnOCU RE. ACRO POXY. ACnOPREQ. ACROGROUTSEAL. ACROPLASIER U 

11~(l' 1llbc r 1 99~ • The Indl~n Cnllul'lc J uurn:. 1 

Research In st itute, Roorkcc, for the cncCHlrat;Cmcnt <I" rins Ihe 
cour~c of study elm\ for t;idl1g I'l'f111i" iol1 tll I'"ll\i , h the' 
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USES 

W a ter Resistant 
T I LE A DH ES I VE 

• 	 Bonding ceramic wall tile s and mosaic 
tiles in exterior and interior srtua\ions 
such as bathrooms, toilet s, shower 
rece sses , la undries and swimming 
pools, 
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