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TlJ~ afficlc prescllis resllits o[ rI In/Jolrllory illl't'~liS llli{"1 ({I/ 

f1cd 011101/ 13U() cOl/urle cIII,c specillJel/s lI~il/S IIl1r{I<lllIi l ' 

I'II/se velocity ICc/Jlli{llIc . Tile illvesliSllliolls (('{'iI' (II/.,.i,' ,( 1'111 

lues/llulish conelilliolls /Jt'lil'Cell ItllllISllllic p/(I~t' l'I'/(I(ill/IIII{1 
cvlllprcssille Slrell&1I1 [or vallI /(l/dlllllllserlllll/cl'l'll' II/"i WI/

crele drl1/lrlged uy chc lI/jerl/a ttack. 

The ull rilsonic pulse I'elocil y mel hod is 011l' (If Ihe 1'l'li"l'10 ~ ill I 
lime-Iesled mel hods of non-Je~lruclive les lill g . '1 hi~ I.:ch
Ili'! ue hilS bCl'1l a p plied lor 11ll! ev ill llal iUIl 01 I hl' I 'r" l 'l' {'I il'< a 11.1 
'I".1lil y 01 concrete. Hl'sl'il/'("h ill 1"[,"{',11<J( Y 1' ,,,,~i " l< ,>/ II ',: lilll : 
sll1.lli ·sized specime ns l11ilillly rdlling Ihe puls,' l'l'l(l(ill \I ' illl 
sirengih ilnd elilslic l11odulu~ of cOllcrele for .1'Sl'ssillg II\(> 
durilbilily of concrele or il s resislililce In dill11~ge ill ~ggl ('SSill' 
enl'irO{II1H'nls, s luuies Oil s<,II illg illlli hMdl'llillg 11[ C(IIlCII'11' 
elc. Sluuies ill lh e fielu hilve beell IlHl511y Cllllducl('d III ~ s ~eos 

Ihe qUilli I Yof connele, for esl imati n1; dele riorill iOIl (If c(llIere le 
~l1d for deleclion of crilcks in co ncrete . It has bel'l1 esl.1llli'ltl'd 
by I'~rious invcstif; i110rs th ilt the publ? vel()cily I1H';IStlrl'l11l'll l< 

ill cOllcrete are inf lue nced by .1 Hlimber o f p;1ri1l11C'lcl~, '1 Ill' 

lype of cement used, type of ilggregale, i1dJitiull pf .1dl11i'(

lures, Willer / ceme nt riltio, ilggregi11e cemclIl ral io, .1ge ill tes l, 
moislure condition of cO ll crele, SIlHJOllllll'sS of ,ll rl;1 Cl' tllldn 
lesl, honeycombillg in concrete, pulsc lrill'€1 (\i 51;111(', ~lId 
presence of reinforclng sleel are some fact ors ,,·hich infllll'l\( l' 
lhe pulse vclvcily reildillgs . For Ihe CCIITL'C"I i1~~l'SSlIll'l\l (If Ihl' 
qUillil)' 01 Cllllnl'll' Ih,' il"I1I('lIn' (If S'"I'" pI 11"" "'I''< I:lll lf'it'{' ' 
11' ,(" ~1(ldiL'l1 ill d L'li lil ill a liILI(lI"ILlIY illld Ih e f,.ll 'l' l' t1e,uiL'l'S 
lhe resu li s of Ihe invesligatiun , When COIH:rete gets cI~ n l,'g('d 
-~--------------- ---.------ . _.. 
5 K_ }<':lU ~hik , I'rprt' ~~() r" Utli n.: r~il y (If Itl/ork ...,,\..'. 1{lIlIrk,,"!...' 2·17 (d,f. U .1', I'r\·~ id\ · 1l1. 

Indian Concr\"ll' Insliluh:. 

L.lthikil J"i!'il\~h. Sci('n ti ~l. Ct.·nlr.1I UlJildill~ !{n·l" ,lrdl II\ ~t illll l' 

/{ex'rkl'l' 2-17 (K'J/, U .l'. 

~I.I' . J"j~iJ\~h, Scil'nl i o: l, Cl'ut",1 IJuilding Hl':-l · ,l.f\ h 11l .. lil!tl,· 

1(,,,,,c'C 247 667, U.I' . 

Ih:({,IIIhn 1')1).3 • 'lil t' Ili tliall ( 'CIIH: rrh' .1011 1' 11 :11 

tI Ill' I (l chc'll\ic~ I ~(I il 'n, il >In ic rtl-,l nl(t tire und ergoes ch~nges, 
illft>clillg 1111, Ir.1\'l.'luf ullrilsllnic I'llise's tltrough it. Correlil

li(lIl' l'I'I ",(,C I1I'11I51' n'hlcily .1IHI (11lnl'ressil'e slrenl;tl, eslilh
l i~ hl'd f(lr IIlHI~I1\;1gl'd cuncr('le' l11il\ ' 1101 be ilpplic.1ble to 
((lncre le' Ih;11 hil" \ll1Liergone cktnil'riltiOI1. Hence, im'eslig;\ 
Ijon" \I 'ell' ~hl carrkd (1ul 1(1 esli\L>li~h (L1rre l~tion h~l\l' eell 

(litri1<;onic l'\l lse \'l'lll.:i l\' ilnd c(l\l1l'rl'~~h ' e ~ Ire 1\glh for un
d;'\11"gl'd l( ll1L'rI'II' allLl C(ll1crt'll' ilf[l't"led by chemicill ~lf.1Ck . 

Experimental work 

1 cst spccilnciis 

Ellec! 01 honeycombing 

IVt'11 Cllllll';1Ctl'd illlli IIl'n !? )'((1 I"l'l'" c(lI'e's (I f 15-c l11 ~ iz e lI'ere 
c';I'1 [r ll ll1 ((1IIl' I( 'I(' mix 1:2: 4 l>\ ' lI'I'i)~I!I lI'ilh iI \I'iller ce menl 
lidi" pI 11.">:0; . l'il1 l' ~I',f',r~f',al(' u~l ' d II ' ~" lI.llurill ~il iHI klHl\\'n '" 
11"lhl f'(lr '"ml hil\ ' illf', il fin l' n~ "s 111~'dul\lS of 2.96. The COilfse 
~!~gll ' g.1lL' lI ' il~ I\TII grilc\ed rlI1IIILIl-d grilvel o f 2U mll1 ma~

IIl(1nl "i71' . \\'ell ((Iml'"clrd c(ll'l's \\'C're co nso lid.1lC'd fln a 
\il'I"li(lIl 1;,J ,il'. 1'(,1' this s ludv lH111l'Y-col llbe'd cubl'~ liTre 

1"" I'.1re'd l\1" iIlCII IIII 'iE: le COIl1;'~(li(ll1.lhe moulds \\'ere filled 

\1;lh C( lIlllel\? ~nd Ihe Illp (If ((l\l(fetl' just le\'e llec\, The exlent 

(, f CI1I11f';lctiol1 ~(hil'\Td \\'~s dlH' tplhe pres~ure of le \'e llil1g 
PI'el~lillil .llld St'lf lI'l'ighl of CUlIclete. 

Ellecl 01 cracks 

,\,lilki.,1 cr"d.:~ II "Ie inlnlc\u('" ill Ihe 1'1 '~ llI \\ · hil el·il~ling . l(1 

'.1<1.1\' II,.. 1"110 " I "I "I;\"k, 1'" 1,"1,,<, \'1,1", Ii.l' 1I ',\( IiIl):'I . 'I ill' 
L'lillllS ""'1\' (·.Isl " ' illt Ih l' S;1 l11l' lIIi '( l'rPf'L1r1iUII of Cllncrete 
l'\ I ' I~i lled .1l',1\'(, ~ 1\d Ihe dt'l,'ils (If the' h.!<ll11s ilre 5ho"'1\ in 
/ 1:, I . 1lc>i11112 h,ld i1 ~inglL' crilck , (, ("Il1lic-l'l' <lnd 2 111111 " 'id e il t 
Ihl' (l'IlIIT pf tilL' l'I'al11. Ul',l m:l h,," Iltrl'e' crilcks, (, cm de~t' 
.1ml 2 1I111111' icil> , ill1Llbe"11l4 hild a cr~(k ha\'ing 4U.8 cm deplh . 
'1 h{' Crtl" <('(" li ll1\; l1 ,i7.e of .111 lhe 1'(','ll1~ \\'ilS 10.5 x 15.5 cm. In 
1' 1'<1111S 2 .1Ild:1, lhl' (r,lcb were illln,ducl'd \\ 'hilecas lillg , ,,'ilh 
I h,' hl' II' (I[ 2 n1l1l Ihi (k l'il'cL's pf C .1. " h( '1' 1. '1 hL' ('i led C. I. "heel 

I'i'." l's \1'\'11' k"I'I ill I'I'l' t'lilllnl'd ("'l'k 1'""itillllS lI' hile c.1s ling . 
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Fig 1 Positions 01 probes on cracked beams lor measurement 
01 path length and crack depth 

A day <lfter casting, the C.I. sheet pieces were rel\1t\\ed . III 
1"'<1 III '1 the cr<lck Wi'S i"trot.l\lcetl \'y fillillg sa\\·dust at 'Ili.l 
dl'!'th ul tl,l' Ul'illl' \Vldl~ G,slillg. CUlluele \\"l.~ ,"<l(,'d, (llill' 
fJacted and levelled ufJlo Il1id depth of the I11nuld. At UlIl' l'lld 
of the mould a polythene sheet of 40.8 cmlength .1110 10.5 Clll 

\"idth was laid over the concrete. Then a I.l)'l'r o( S~l\d\l'I, 

about 1 cm thick, was put on this sheet. Over this I,'.'·er l,f 
sa wd ust, anot her sheet of poly Ihelle o( 40 .8 x IU.5 c III si 7e \\,15 

agai.n laid. The cuncrete w~s now poured ,1I,d the IIH'ldd 
con1pletely filled and levelled. A(ter curillg the ~Pl'CilllL'n Ihe 
sawdust (illing was relllllvet\ \\'itll ~ hZlIlLis,,,,' . \\'hell Il·· 

'1"ble 1 : I\"'terials and lIlix prllportio.n 
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I t : .1 : (1 (lI'C .1 ·1 Cru .. I\~'\1 

I . , (I,,·I 2 ·1 .1 I Cr\I"ih~'d 


1 '1 I: II h :.1 tll'C ) ~ Cru~hcd 


1.·1 I . I : 2 OI'C eru,hed
3.~ 

1 I I : 1 : (, OI'C I 9 CctI!'h('d 


2 ~ I : ~ '"-I t'l'C I ~ (ru,.hC'd 


2 1 I : I';, : 1 (WC I 9 (nl(.hcli 


1 1 I : I . 1 UI'C 1.9 CnJshcd 


) I I ": J : (J OI'C 1.4 ~·blur,)1 


J 2 I : 2: ~ OI'C ) ·1 f'htUT;l1 


) 1 I : I' I , : ) OI'C 3 ~ f'J.... hH.'1 

3.·1 I : I : 2 OI'C 1.4 N.ltur,,1 


·11 I : :t : 6 OI'C 19 N;,lufal 


·1 Z I : 2 '·1 (WC 19 N,'\lIr,11 


4 1 I : I';, : :t OI'C 19 N"lur.1! 

~.~ I : I : Z OI'C 19 NJtural 


5 I I : 3 .6 ITC 11 Crtl~hn' 


5Z I : 2 : ~ I'I'C :t I Cnl5hcd 


~ 1 I : I';,: 3 I't'C ~ 4 Cru,lwd 

,·1 I : I : 2 I't'C 1 ~ Cru!'ht'J 


6 I I : ) : I'PC t 9 Cru~h('d 


62 I : 2 : 4 I'I'C 19 Cru,hed 

6 ] I : 1' 1, : :t ITC 19 Cn.I~h('d 


64 I : I : 2 ITC 19 Crush('d 


7 \ I . J: 6 I'I'C ) ., N,ltUf."l1 

7 2 I : 2 : 4 ITC 3 ·1 N;'IluT.l1 


I ) 1 : t 1,t , : :"\ ITC J I N,ltuT;'I1 

; .\ 1 . I . 2 ITC :1-1 N,lturtd 


8 I I ..1 . 6 ITC 19 N ,1hlr,,1 


8 Z I : 2 : ·1 I'I'C I 9 N i'lt\HJ\ 


81 1 : I'I, : :t I'I'C I 9 N"hlf .,\ 

R ·1 I : I : 2 I'I'C 1 Q N,lhu.,l 


111()\'cd, the s~\\'dl1st packing b,l\'ea \\'el\ desiglled CTaek ill Ihe 
be~l1\' 

Effect of path lenglh 

lJe~ I1,S (I( cross sec I ional s ize 10.5 x 15.5 em ~l1d length 315, 63 
and 9··1 el\1 \\'ere CZlSt and IrOI\1 these srecimens path leng:hol 
1l1.5, 1<;5, 31.5, 63 (lnd 94 cm \\'pre ~vaibble (or study. The 
cOl1crete ((1r Zlll the SI'eciml'ns \\'ZlS mixed at ulle lime ill a 
111 he r. '1hE' Sl'l'ci l11e ns \\' E' rE' rE'111o\'Cd (rom the mould 48 hours 
~fter c~slillg . 1 his much tillle \\ ' Zl~ biven, l1S casti.lg I\'asdpne 
ill cold \\·t'~lh l:' r. · 1 he sl'ecinH':l1s \\'ere then immersed in water 
lor curing. AIIE'r 28 d"ys they \\'pre rpl11o\'ed (r1l1ll \\·"Ierand 
then allo\\'ed tll dry ul1der fl><'lmlel11perature lill testing. 

Effect of corrosion 
1,lilt) t I II 'I It ' ll' '" , 1111' ,c, t Irs i 7,' 1.1:) '( ,:, '( 1:' (" 11 1 ,\ (. r l' ( i' S t \,'itI, f(lllr 

dllll'll'lIl CllIllll'lI' "lIxl'S 1.1'.1::1 :1>,1:2:·1 , 1:1'/:3 ~11l11:1:2lce-
t 

J11Cllt: "~Ild: C(l~r~e .1ggrq:~~te) I'), \'llll1111e \\'Ilh ",,,tercemelll 
ratilll,f 1l.55 . T\\t) tyres (If ceml'llt, th~1 IS, ordlllM), I'ortlalld 
Ce111el11 IUI'C) ~I\ll I'ortlalld 1'(1!7(llall~ ceillellt (I'I'C), 111'0 
tn'es (If ~.1l1d i.E' coarse s~l1d alld (ille 5<ll\U having fineness 
llludlll\I S ('( 1 .·1 i1l\d 1.9 res)'l'cti\Th' al\d t\\'o tyres l'( <oarst 
'q..;gll'g,lIl'S, th,lI I~ , crll~hl'd .1f~gll'g ; lt!:' a"d "atllt,,1 ~~r,reg.lle 
h,l\ 'Illg lillrlll"" 1l1(,dtlll1~ l'( fi.7] .11111 6.7Tre~I'ec!h · el\' were 
lI" cd It'r IIl~king ((l1\Clete (llr the tv,t Ctlbl'S. ·\ he1\1~IeIi"lsaIlJ 

Fig 2 Positions ~ 
cube 
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Fig 2 Positions of probes on a pair of opposite laces 01 B 15 cm 
cub. 

mix proportions for the concretc t~st spc'cil11ens ~re gil'en ill 
rable 1. 

Thirty six cubes ,"'erc C<lst in e~ch set ilnd cured under "'~ter 
lor 28 d~ys, Ou t of e~ch set of 36 cubes, 6 cubcs wcre SUbjl'lIl'd 
to nOll ·destructivc and destructive tests ~t 28 dnys, T"'ell'e 
cubes were immersed in snturnted solution o( ~llllll(lIliulll 

~ulphate and six cubes in s~tur~tcd solution of uren , l{clllili", 

ing twelve cubes were kept untreated, to be tested "long with 

Ireated cubes, Although it is plefer~ble to test the sf'ccinH'ns 
CXI)Qscd to chemicals for a 10llg peri(ld, it is nut pr~ctic.1ble tll 

prolong the illvestigiltioll to such n IUllg dur~tion , 1\elllC . ill 

the present study the prucess o( corrosion \\,ilS ~cceleliltecl h 
subjecting the cubes to alternate cycles of illll11ersiull in snt\;· 

raled solution o( chemic~ls for ~ c1~y ilnd drying ill SUII 1(lr 3 
Uill'S for u pcriod upto 270 dilYs, Whell dipped ill s;ttur;ttl!d 
<.lIl ution o( u(111nolliurn sui phate / ureil, the solut illll}'l'lll't 1.1 ks 

in to the pores and when the cubes ~re dried, the Sululitln in 
II,e pores crystJllisl!s , CrystillJisiltioll C;t\1Sl'S s\\'t:llinl\, Il';lding 
ludisilltq;rution o( concrete, The treilted cubes wert: Il'stl'd ,1t 

nges of 90 da ys, 150 d~ ys and 270 dilYs togel her wit h \1lltrl'nt cd 

l ubes of the same age, to est~blish correl~tion bel \V ('(' 11 dl'· 
Il rllelive and nOll-destructive tests, 

Instrumen t 
Ullrasonic concrete tester of type SEA·690 m~nufacturee! in· 

di genously by Saraswathi Engineering Agency, I{oork('e, "'ilS 

used (or st ud ying the effect of honeycoillbing, presence o( 

([.leks and effect of path length, The (requency (1f the 

transducers was appro xillliltely 200 kH7. and the diilllletl'r of 

tlte probes was 7.5 em, The instrument hild ilmeilsuring rilngc 

DI I m and the accuracy o( the instrument \VilS ± 0,1 lllicroSl'c· 
,nd, For the s tudy o( effect o( corrosion Ihe cOllerel!' Il',ll'r 
.. '.I,d WtI!" (Jf I YJ Jl' Sl~i\ (,K~ \'IIi' II t r.11lsd \ I(t'j s 1,;1 \' i Il)~;\ fit '( II It ' 11 C~ ' 

<11 50 kll,.. 'I he instrument hilS il Ill(,,,~ ul"illl? rilngl' of 2.5111 o( 
U(lcrete and un accuracy o( ± 0,1 micro st'conds, 

Test procedure 
fur Illainluinillg ~ proper ~ccol1stic.11 ((ll1lilCt bl't"' l'l."n Illl' 
11~(lsducers and concrete surface tesled , gr('"se 1\';t5 usC'd ;t s il 

t' lIlh l' r Ic,lY~ • 'I Ill' 111I1i~n Ctlllcnh: Juurlwl 
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Fig 3 Variation 01 putse velocity with strength 01 concrete 

l'lllll,ling IlI"dilln). In ~Il th~ sf, pc imflls Ihe pr0be positions 
l\"l',e Illillkl'd I'l"i(11" I" I('stillg t(l ('llsur!' I'wl'pr "lif',n1llellt o( 

1'1 (lL"'I l.' o.; , Crl' il~e \"ilS nl'I' lied un the Clll\(fl?te 5urftlCe (\s \\' ell as 
(Ill IhE' I'rot,p s , rhe' I'llise tril\ '('llinlc "'ilS Illl'~surecl up to 0, \ 

IlIicwseC()l1d, 'I h~ n:lucity \\'~s cillcul~tl'd (rom the equation, 

\' = IIr 
I 

" hell', 

I' l(lngitudillill pulse 'l'l(lrity illlll/S 

'" Ir~\"t.~1 dislilllce in lI1l'trl'S 

tillll' (If tr;wel ill llliCroSt'Cllllll. 

Elle c t 01 honeycolllblllg 

I hl'I·"I "" 1r;t I'cl till\<' "';t, Illl'il,un:d llll ~ l'.lir pf "I'F','site f~Cl'S 
"f lit" cubcs il <; ,ho"'(1 ill /-"is 2, On e~(h I'"ir of (<lces fpur sets 
(, f r l,;td i Ilgs I,'ere I~ kcn ~Ild the il l'er,1f,;(' is Il'I'(lftcd ilS the I'lll,e 

,"('llIrit.l' ilgilinst ~n(h ('ul,c, !\fkr th" I'llbl' \' pl,'eity tllPilsure

ItrC'nls the cul't:s I\'ert'\l'sll'd ill il C(lIllf'l essi(lfl testillg machine , 

Ellecl 01 crilcks 

'I (I iln i\(~ ill the I'~th Il'llglh il\\d Clilck dl'\,th lests were C01l

dllll('d (11\ bPill\lS 2.3 iltre! ,I fig 1 sllo\\'s Ihe }'osition or probes 

f(lr f'lIbe rl'ildillgs,11l I>rill112, I-I is illlll'"Stlrel1lelll ilCroSS the 

c(~(k ,11\d 2-2 tlnotrgh uncmckecl c('nerete, while 3-4 is a 

Itrr~Sllf(,Ill(,1I1 t(1 ('sli1\I;llc Ihe crilck tI('I'lh, 111 lIus case the 

1'1 1,1,('s ;tre (Ill "ith,' r side pf the criKk, Siltribrly ill beilm3, \-1 

ilnd 2·2 Ine.1SIIIl'1l1etrls me ~s eXI,lili(led for beilJll 2, Obser1"a
ti(,", ~,:;, :;.(, alld f,·7 iln' tOlll('asllre cr"ek d epth, III C<lse of 
l'I'~'111 ·1, thp n '1\I,,' (If 1'lllt'I'~ iHl' kt ' I 'l "t 10 ("In Cl'lltl'l~ rd~ll'~~ 

IIH' krl}~th tl! tlll ' I'V.l1I1 til 111L' \lSUlt' (liH. h: d(.'rth . 

Ellect of palh lenglil 


\'l'I",;I\' Il1l"l <; llIo.'lIl"III' ,,'('IE' lilkell (Ill liq> different f,,,th 

kllf',lho;, Ih~1 i.s, illS , I:;:;, :115, (,:1 ~nd \)1 (IllS ill beams, 


Elieci of corrosion 


1'111 ' 1' I "1"..-11,, rl' "d ill~;o; " '",e tilKl'll ilS l" I>I;lilled ill c.1se (a), 
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The cubes were then tested lor compressive stl~llgthl Io'''is 

were cOl1ducted ill lhe ~ges 01 28 d~ys, 9Ud~ys, 15U d~ys ~l1d 
270 duys lor both treated and untre~ted cubes. 

Test data and discussion 
Effect of honeycombing 

The a\'erage pulse velocity lor vibr.1ted cubes W,lS -1175n, / s 
while the velocity lor honeycombed cubes ,,(the $.l1))e ,,,i~ 

was 3525m/s. This gave a reduction of 18.5 percellt il1 lite 
"elocity readil1gs due to honeycombing in concrete_It is e5t,1b
lished thatthe pulse velocity measurements <He il1flllencelll',
the properties of the basic materials used ill concrelE', tl,.11 i", 
the type of cemenl, lype of uggregate and ~Iso the Jggr~g"tl' 
cement ratio and wilter cement r"tio'·". ThL' c()nstitlll'l1tI11~tL'
rials were kept the same lor vibrilled and IWIlC'ycumbed ((111

crele in Ihis lest as the effect 01 honeycol11bil1g "-il5 tLI I'L' 
studied. Hence, the reduction ill velocily is due to the lo\\er 
density 01 the concrete ilS il result 01 IlOnteycolllbillg_ lilt' 
approximilte density of this concrete from Ihe pulse IE'ILl(ih' 
density relationship' is 2075 kg/ 01'. From the Silille relatiL'l1
ship the density of well compacted concrete with ~II ~,-er~ge 

Table 3 : Crack depth and palh lengU\ 

O(~iS'III"OI1 R(II"tIIS~ f"lytt,lal 

oj ~"(CI"'(,I/ '11'1,", 
11111 nl ~(t ' ·':. 1 

I-I 3D 

2-2 ~9\1 

3-J 21 

4-, Yo 

5.(, ~9

'~~'';;In
J~l 

(, .7 o" 

~.r;>"~1 

;\ -\ ,,1 '..I, 

I'ui "c IL'ipcit), COIl\(:sout tobe2-1ll5 kg / m'. II this is e'rrm 
ill c:i~II<it)' r,lIin, thilt is , the r"tio (,I density 01 hone)'ro ml>ed 
cPII(rl'te III dl'nsit)' of lull y-cPIl1I'"ctccl concrete, it CO IIIPS out 
to IU1C> . Fh'c l'E'fccllt "oids (5 I'ercellt of volume 01 cOllcrete) 
("" I,, " ·cr thco strcolIglh by 30 percE'lIt ""cllOpercent voidsgil'e 
" hig"'" h('n(,I'col11bed concrete"- The strength reduc tion in 
the ClllI(rcte tested is 50 rercl'nt Jlld henre this concrete(~n 
h"H' q,iC\s l'elwlT n 5 ~"c:i It) l'l' rcclIt ilnd I:..n be r.1ted as lairly 
hi~h hllllel'cllll1bed concrete. 

lh~ I" tl se ' -cltxit)' re.1Ciillp ilre 1,lotted ~g~inst stre,,!;th I 

sho,,-n ill /-ig 3_ i\ power t)"l'c r('li1tiulI is cst~blisheJ relating 
pulse 'Clllcil), 11ml slrel1glh ilS f\iI'l'11 below: 

Il1thL' ill'(wl:' rqualiclI1 \' is thc ultrasonic pulse I'elocit)'in 
mi s, 1'. is tl.e cube cOl11pressi\-e strength in kg/cm' and K, 
illll! ", ilrc CL'lls tilllls . K, is 12(-'7 il!lel K, is 0.233. 

Pall. length and crack depth 

I'Uisl' ,elocit)' IlIeaSurell1ellts th ro ugh diirerent beillHS lor 
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iable 4: Crack depth and path lellgth 
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path length and crack depth cillculations Me givell ill fill ,/( , 2. 
to 4, From the pulse velocity me"sured in a C1i1cked speCillH'1l 
the path length and crack depth can be found out. 

II/ = V x I 

where, 

/11 pulse travel uistilnce ill m 

V averilge pulse velocity through ullcr,l ckl'd 
concrete, m/s 

meilsured tr(1vel time tl\rough crilcked CO/1
crete (microsecond). 

For cri\ck depth, if the probes ilre plilced on eilher ~ide of 
cracks ilS 3-4 reading, l3eam2 

II trilvel time 

x horizontal distance of probe from crilck 

V pulse velocity of uncracked concrete 

iJ crack depth, 

From Tables 2 to 4, it is seen that the C<l\cul.llcd p"th lellgth 

""d crilck depth are more than thilt rro~ided,lhis is bl'Call<l' 
till' pulse pilth is ilSSUllll'J III uestri1ighllin('s jUillillg the celltlc 

of probes and bottom of crilck, Out in actual c.lse, the pulsl's 

do not travel in straight lines, Hence, the pul se p .lt" " 'ill be 
more than whilt h"s been ilssumed, gi v illg a highe r t I" \,(,11 illl\! 
than for the straight line pilth ilssuil\cd ilnd il higher p,lth 
length. In case of one crilck ill beillT1 3, the v.lriiltioll is :12 .:; 
percent. This much vilriiltiol1ll1ilY be due to the presellce elf il 
microcrack below the crilck illreildy provid<!c\ ('xll'llditlg the' 
depth of the crack. JII C,lse of beilill 4, the cr.leks ;He dn'I ' l'r 
than Ihilt in other beilr1ls ill1LI the crilck dl'plh Ilrn liLlilltl i, I!' 
1030 percellt 011 higher side. In sillililer crillk dq,ths, thl' 

II \ ~ 2 ~2 Il' AC !H,,1 r .1 lh 

"'"~Ih;, !\IK, 

(',lI k dq'lh 
("IcUJ.lh,d i5 

~n.Rj r,'rc\.' 111 

mt"rt' 

·11 ·1 ~2 . \ltl C "k,d" 1\.'"\.1 cr,'CK 

drrth is Iq 2q 

r('tc(,,,t nH'r~ 

12. R\1 C " I~""\\I.'k~1 ( ( .'c}.; 

dq~th \ .. 1~ , 52 

rt!J((.nl nwr~ 

._---- - ,_ 

curved l' il t h Il'llf;t h \\' ill not gi,'e il big \'i1fiil tioll ilnd hellce they 
Ciln be pi cJicted to a beller aCClHilcy thiln in deep cracks, 

Effect of path length 

Thl' I' \ll se "clucil), reildillgs r(,corded for differelll pilth 

!ellgl h5 ~ I'l' f'lllt ted agilillst tilc 1'0 th lell!;t h,FiS <I, It is seen thaI 

the 1'ulse I't' luci t y decreases IV hell the pat It lellgt h increases, 

!lui this Il" ILlelll'Y is fl,ullclollly 1I1'to611 C111 pillh length. After 
thilt thvlc is n() ill'I'reci.lble chilllge ill pulse \,ell,cih' due to 

Ch.lllgl' ill I'ill h kllgth . llle l'tlssi\ljp rl'ilSt' n h ' r this n1~y PC thilt 
\'(lici s ill s mallL', I'ilth length will b e lesser th<ll\ ",hilt "'ill be 
til'il'cil'd ill a Ipllgl'r pilth length . I 1l'llcI', ill Sll1ilUer rilth length 
les ser tiislr,lClit111 ()f WJ\'es, le,ldillg 10 higher rulse '·ek'city . 
1 he I' ulsl' ,elllcit), in (,3 CI11 1,.111, 1<-llgth is 12 percent less than 

the I'ttls e "elllcil), i1115.5 CI11I,.lth iC'ngtll . 


Effect of corrosion 


riS' 5 illlci6 sl>",,' the relalioll bel\\'l'f' ll IIl1rilso llic pulse "eloc

it\' ilild cuI><' Ctlllll'rl'ssi\'e ~trl't1glh ilt diffl'rel1t ~gl'S fl'r IIn

treillc'd CI'"c,ell' illld concre'te trl'i1ted with ammonium 


s u II' h" te / u re ill). 


The s 1I rf ilces III c ubes t rl'il tcel h' "'1111101\ ium su I[,hil te at the 

ilf;l' pf I~!l dil)' "' ~Ie white in wll'lIf illld hi1d become sufter 

alld the L'<.llltl bet\\'l'eIlI1\Ortilr and ilggregates was seell disin
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Fig 5 Pulse velocity versus compressive streng'" 

tegruting ~t the surfilce. The cubes treilted wilit un'a \\Tn: d,11 k 
grey in colour and hod not shown any disilttef,L,tion . lhi < i, 
probably because ilt this age ure<J is not ~s corrosil'e as a 111111<" 

nium suJph~te. Needle crystals of urea were vi,ible ()II Ihe 
surfaces. 

At the age of 90 d~ys, the cubes treated wi th aI1111","iu\11 
sulphate lwd a strength equ~1 to or slightty hir;her thol1lhol Il( 

untreuted concrete of same age. Pul se velocity re~dil1g<; \\ ('Ie 
illso higher by 2 percent in case of treated concre tr ,\t 1:;11 
days, the strength of the cubes treated witit all1tnoniUln ,\II· 
phule had gone down by 2 percent, C0IJ1 1'<1rl'd t" 911·d,lI· 
strength of treated concrete, The strcngth at 15U days \\",< .1(1 

percent less than thilt of untre<lted concrete of tite S<lnH: 0l~\' 

A reduction in puJse velocity of 2 to 6 percent \\'ilS noliced <II 

150 duys in concrete treateu with ammonium sull'h"te. COII\' 
pared to an untreilted silmple of silme age. At 271l dill5. the 
reduction in pulse velocity WilS 60 percent in ConCIl'te tre"iI'd 
with 	ammonium sulphute, cOl11piHed to untreilted cuh> l,f 
same age, while the strength was IOlver by 35 to ~U percent 

The strength of concrete treilt ed with ure<l ilt ISU da)s \\"s 
only 2 percent lower than the strength o{ lIntrl",lt:d 'l'ecil1ll'" 
of same age, Pulse velocity was 6 to 12 percel1t higher tI,,'n 
that of cubes treated with ammonium sulphate ilnd al<;l' 
higher than untreated cubes of the same age . 

Reduction in pu lse velocity of concrete trcilled \\ilh allll1)(" 
nium sulphate at ages of ISO days alid 27U dil)'s shlll\s tl'<l1 
micro cr<1cks have developed in the cubes . In c",e (If C(lIICIl'II' 
t reilted with i1mmolliu m sui philtl?, when c()rr(lsi( In st ;1I'tl'<I, t hL' 
continuity of the bond between the nlOrt"r a IIII <lg).:fl').:,'tcs 
must have starled disintegrating, resulting in higl1l'r l'u l<L' 
trilvellime and lower pulse velocity. In cilseof cOllcrete trl';)tl'd 
with urea, no significant reductioll in strellgth \\·"s Iwtic,'d 01 
150 dilYs, while the pulse velocity was higher. Ule" I11U <t 11",(, 
cryst,d I ised UI the pores of the concrete gi vi 11).: illl 11l10l><t rllt'! l'd 
pilth for the pulses to trilvel ilnd it appeilrs to bc tile rt","llllll'r 
higher pulse velocity. The results ill"" illlliL.,lL' tll,11 illlll11'" 
Ilium sulplwte is 111ure corrusil'e th,,,, UIl'''. 
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Conclusions 

(i) 	 '1 hl' presence (,I I'(lids illhone.l'combed c(1(IClff 
C;l1l~l'S i1 dccf('.,~ (' ill the putse nl(1(il\' tu .U\ 
",I<'nt "f OI'I'r(l~illlilt\' 11' 181'ercent Il'ril,t~uslll 

I "Iil' (1 1 U.86. 

(ii) 	 It is difficult tll s}'l'lify 1\ minimum accel'talilt 
l'lI lse velocity Il'r i1 ((lncrete ilFplbbleund tAli 
((l11l1iti(lIlS . Uilsed (111 this study, I(,r ~ I:N nu Mainten 
h weight iI lel"l'it\' rilting D{ 3600 to HUll mls B uil der 
111ill' rel'res l'n t a ~(ll'd concrele . rorconCl ~tehl\" 

ing il I'elc,city rilting l'c lll\I' 3,6UO m/s,i1,llI ilioNI 
("'tililed inl't:'s tigilti(lns will be needed. 

(II;) 	 11 ,,,,cel olltllis st\llh·the relationship \:x>t\\'~entht 
((1l1lf'ressil'e strength 01 cOllcrele and the rulst 

ITit,cit)' m~y be rel'resented by V = KI F~'. in 
I,'hich V is the ultroSL",ic pulse \'€Iocitl' ill m/5. 

' 1, is the COllll're,s"'c ~Irengt h ill kg/en;2, KI alld 
1<2 are c"nst~l1ts h<lI'il1~ \'alues of 1267 altd 0,2)3 

fI'<I'cclil'ely. Ir 
Ii," 	 '1 hI' colcL1l~tl'd 1';1Ih h'l1gth allll crilck d~I'th ~ rr COll 

('\ll1ei tQ be 111lllr Ih~l1the ilctuillpilth Irnlith ~nd 1 
(I"ck depth. '1 he uitrilsonic pulse I'ell,cit ) 
11Il' I]'(xi ciln be uSl'd (pr estimiltin); shalloll' crack 
d(' I'th with a bettef ~ccurilC)' than lor defr 
cr,,~· ks. For del'!, lli1lk< the I'redicled crackderth 
\\'<CI(' fO'llld It> be ilb('ut 3U percent Ilibher than 
thl' ilc\Uill c1q'th. 

I", 	 , ', ,,,(, I'clp,'itl' i< illf(',le''' by 1 '"I~(' I "l\ h kl1~thil 

Ill\' 1'~lh ICII};th i, '"'illl. 11e),,,,,,\ bll (111 and "['til 
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nbed concrete 
\'e ll>cit \' tll an 
It Il,r a density 

lI nl "ccl'ptable 
able under all 

(l'r a \ ·2:-1 mi'C 
to n uo "'/5 

conc re te h,\\"
'/5, ad d ition"l 
Jed. 

r bd \\ een the 
and the ~'ulse 

V= K, F~'. in 
locit\' in m/s. 
ICII~2 . K, and 
267 alld 0.233 

ck d t.'rth are 
th le"~th and 
l is e \ ell.cit y 
. hallow crack 
an hu deep 
d crack depth 
It hi~her than 

)'.1 th It-II~t h if 
1011 ami lI!'ll' 

90 Cill IlO v,lfi"ti{)!l jll plll~t· Vl'hH.ily h,\~ l'I..'l'll 

nUliccJ. llence jll 1,,1'{lI;\I(lIY IVI"'I" ,,1,,"11 "1"" I 
I1ll'/Pt nIL' lIsed the pilth lL'nglh (Ill\ illlL'Ll tllll~l' 

velocity. 

The I'1l1~0 I'elucity IlIL'lhuci (;<1\ give" q"~liti\th',, ,',;tilllill,' 
of 'both UI1U,111'lC1geJ concrete illlJ concrete dl'll'rit lr;lit,d d l1L' III 

chemi.:,,1 ~1Ii\ck . 
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