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Abstract

Corrosion in reinforcing steel is one of

fi1'Uftn : Corrosion, Chloride, Fly ash. Accelevation
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the most critical aspects in determining the

durability and the service life of reinforced

concrete structures. This study investigated the

effect of fly ash on the ingress of chloride

inducing the corrosion of steel. Two types of

cement were used, namely Type 1 Ordinary

Portland Cement and Type 5 Sulfate Resistant

Cement. Specimens were cast and submerged

in NaCI solution for 1, 3, 9 and 18 months.

Ingress of chloride was determined by spraying
fractured surface with 0.1 N silver nitrate and

measuring the colour change boundary. The

study also looked into the effects of water;

binder ratio (w/b) and the percentages of fly

ash on the corrosion of steel under 12 V DC

acceleration.

The results revealed the beneficial effect

of fly ash in decreasing the rate and the extent

of the corrosion of steel at every water/binder

ratio. Type I Portland cement. with or without

fly ash, afforded better degree of protection of

steel from corrosion than did Type V cement.

Addition of fly ash significantly enhanced the

benefit. with depth of chloride ingress reduced

by half.The useof 15-25% fly ashon a aAa-water/
binder ratio concrete mixture could reduce the

concrete cover from 7 cm to 4 cm to achieve

the same protective efficiency against to

chloride penetration.
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1. 'lJ't'I'U.1

rn')66a.J ~lU'lIf)~ ~~ f)1')~5f)f)WOJl nJll EJUf)f1bUUUqj'VIl

l'V1qj'llf)~ l~')~i:'fll~~f)un~'fibma.Jb'VI~n lUlh:;b'Vlff1'VlEJ l(91E.Jb%y,n:;
, ,

1m~i:'f~1~Vimjl Ui:'fJll'\AIbb1(91~f)a.J'IIlEJ~~'Vl:;b~ iI ~,mm:;'Vl1J"

1(91EJm~~f)rn,)bn(91i:'fUa.J b-df)~"iJlnt11~f)Un~'fi~f)~i{a.J ~i:'f

n1JJ1'Vl:;b~ 'VI~f)mJluafm:;bn(91~f)a.J~il1mn~mb~:;mla.J~u"

'fi~f)(91nm rn,)bn(91i:'fUa.J'lIf)~b'VI~f1bma.Jlu~f)un~'fibuuu"iJ~EJ

~1~qj5wj11Jbb')n'l ~'Yh lVimla.J~~'Vlu bb~:;m~rn') l.zr~lu'lIf)~

1m~i:'f~1~~f)un~'fi~(91~~

rn,)bGia.J1i:'f(91~U~~lu~1u~i:'fa.J~f)un~'fiil~~m:;'Vl1J~f),

~mi:'fa.JuGi'llf)~~f)un~Gl bb~:;'\AI~Gim,)a.J'lIf)~1m~i:'f~~~f)un~'fi

luu"iJ"iJuuiI!ll,) 1.zrbl11~f)EJ"iJlf1bb'VI~~lUlh:;b'Vlff ~i:'fa.Jlu,
.. d ~v.'l ,'" J( .. '1'"

~f)Um'fib'\AIf) b'll bUf)'fim'VIn,),)a.Jnf)i:'f,)1~a.Jln'llUbb~:;a.JbbU1 bUa.J,
.: J(, '" d .. , A

b'\AIa.J'lIUf)m~,)1(91b')1 'Ii~"iJ:;a.J~~'fif)'\AI~Gln')')a.J'fi~f)(91"iJU~11a.J

~~'VlU'lIf)~1m~i:'f~1~ bb~bUU~EJf)a.J~1Jnw;hrn') l.zrbt.ll~f)EJlu

~f)un~'fi lVi~~~~f)rn,)b~a.J~11a.JY11JbbUUlUbdf)'lIf)~~f)un~'fi

"iJlf1b'VI~~~i:'ff)~lh:;!ll')~f) Filling Effect bb~:;nl,)b~a.J

~~Gli1m.y;m,)b:if)a.Jlh:;mu ~ bn(91"iJlmJ{jmm1lf)'Ii l'1i~lu ~~

~11a.JY11JbbUU~b~a.J~ud"iJ:;~~~~~~f)mla.J~~'VlU'lIm 1m~i:'f1l~

~f)Un~Gl~l~'l

rn')bn(91i:'fua.J b'VI~nbuum:;murn') 1Vh~l b~iI~ bn(91~U

b~f)ilf)~f111'):;nf)1J~f) mla.J~1~?fnEJ1y.JY11JllEJlu mla.J~u

bb~ :;f)f)n'Rb"iJU 1(91EJ1J')')a.J'II1Gi bb~1 i:'fJll1 :;mla.J bUU<?il~'lIf)~

~f)un~'fi~ilfil pH 1I'):;a.Jlm 12-13 "iJ:;'lf1EJ~lU'VllUrn,)bn(91
A '" ~ "'~ v" .<;'1~ ~ ~ '"i:'fUa.Jb'VI~nb(91bU'):;(911J'VIU~ "iJln-n~a.Jf)e:Jn b'li(91'l1f)~b'VI~n

(y- Fe 0 ) ~b~~f)1Jt11'lJmb'VI~n'Yil'Vlii:l~ni1mmb'VI~m~2 3

iJ1Vibuui:'fUa.J'VIlnVJ~a.Jf)f)n1'1i~'lIf)~b'VI~f1bma.Jdrln'YilmEJ~~"

b'VI~f1bma.J"iJ:;bn(91i:'fua.J1~'VI~f)~b~EJn11 Depassivation ~~

i:'fla.Jl')rIbn(911~b~f)i:'fJll1:;mla.J buu<?il~'lIf)~~f)un~'fi~(91~l~~

"iJuilfil pH 1I'):;a.Jlm 11.5-12.0 b-de:J~"iJlnrn,)bn(91mWmU~U
a.-..,. '" '" ..

"iJlnrn')'lia.J~lU'lIe:J~Ul bb~:;"iJlnrn')'Vl(91bb'VlUmE.Jbm~e:JEJ 'VI')f)

"iJlnrn')iI ~~e:J1')~5e:Je:JUbbmn66a.J ~lUb de:J~f)un~Gl boIJla.Jl"iJUt1~

A'" ,.c. 1 " "'.. vd f'1."1V'V
~1b'VI~m.-t')a.J (91EJa.J~11a.Jb'lla.JrI~'):;(911J'VIU~"iJ:;buUu"iJ"iJEJm~qj

~'YillVib'VI~f1b~a.JilbbU11ua.Jbn(91i:'fua.JM

b~e:J!ll')66a.J~lU'VI~mb'\AI~~lU~~f) h~5e:Jf)uboIJla.Jllu

bde:J~e:Jun~'fi ~un1J~mi:'fa.JuGi'lle:J~~f)un~'fi lU~lU~11a.J'\AI')U, ,
bb~:;U"iJ~EJ~~1~qj5n'VImEJ1I'):;rn') 1~bbri 'IIU(91'l1f)~~U~ba.JW;;

i:'fJll'\AIrn,)Da.J e:Jm'VI.niJ 'IIU(91'l1e:J~bb~'fi5e:Je:JUmla.JboIJa.JoIJU'lIe:J~, "
.. ~ ~ '" f'1 '" . lA ~ ~b!l~f)~~e:J b')(91 i:'fJll1:;bn(91~f)a.J buU'fiU u,)a.Jlm~~e:J b')(91

--

~~'VIa.J(911Ubde:J~e:Jun~'fi (Total Chloride) buu~m1a.J'lIe:J~

~~f) h(911ui:'ff)~1I,):;b.!l'Vl~f) Bound Chloride ~e:J~~e:J1')~

1Jl~~1U~rln~1J ~(91e:J~1 u~~'fii1m'Yl1~ b(91,)~Ubb~:;~bn(9111fimm"" o:.J

b1l~EJu1111u~'lImCalcium Chloro-Aluminate Hydrate

(Friedel's Salt) 'VI~e:Jrln(91(91.}f1J~1EJt11'l1e:J~ Gel Pores" "

bb~ :;1Jl~ ~1Um"iJrln (91(91.}f1J~ t11'l1 e:J~ ~ ~ ~ ~ 'fi"iJl n1l Ji n1E.Jl" " o:.J

1If)'li1'1i~lU'lIf)~bt.ll~e:JEJ ~~1~iI~~~e:Jrn,)bn(91i:'fua.J ~1U Free

Chloride ~e:J ~~e:J1')~~~:;mEJe:J~luJllu1'\A1,)~'lIe:J~~e:Jun~'fi"

~~'VIlnil1l1mma.Jlnb~EJ~'\AIf)fl"iJ:;~~~~ lVib'VI~n bi:'f1a.Jlu

~e:Jun~Glbn(91i:'fua.J1~ 1m~i:'f~1~~e:Jun~'fi~e:J ~1ui:'fJll1:;dj EJn"

i:'fi\'1JbbVi~b'lfU1J1nm Splash Zone "iJ:;1~~1J~~m:;'Vl1J

~~"iJln!ll')66a.J ~lU'lI e:J~~ ~e:J1')~5e:J e:JUfie:JUoIJ1~,)Ubb,)~nl1,
~f)un~'fi lui:'fJll1:;1InGi

2. ~e)'lJ~~@'In1'5'~mt1
a.-

~n~lrn,)bbmn66a.J 1~'lIf)~b!l~e:J~~e:J 1')(911ubue:J~e:Jun~'fi

~~i:'fa.Jbt.ll~e:JEJ bb~:;~n~lrn,)bn(91i:'fua.J'lIf)~b'VI~f1bma.J l(91EJ1.zr1TI

b~~!ll,)bn(91i:'fua.J'lIe:J~ b'VI~nbi:'f1a.J~1 EJ!ll') 1.zrm:;bbi:'f1 y.JY11m~

~~l.zrmla.J~l~?fmJ 12V (DC) l(91EJ1.zr1lu~ba.Ju~1If)1'fibb~U~"
1I'):;b.!l'Vl~ 1 n1Ji{(91~1urn,)bb'VlU~~1mt.ll~e:JEJ 5 ,):;~1J~e:J

0%, 15%, 25%, 35% bb~:; 50% 1(91EJ~ubb1l')5'fi')l~1UWater!

Binder (w/b) 0.40, 0.50, 0.65 bb~:;b1l~EJ1JbiiiEJ1J~~n1Jrn')
~ "'.1" ~.I ~ ~. 1 .. 1 V,J
b'lluU'liba.JU'fiuf)U'fibb~U(91u,):;b.n'Vl'Vl 5 (91EJ~~e:J'fi,)1!;j1U"
(w/b) ~ 0.50 bb~:;1.zri{(91~1urn,)bb'Vlu~bt.ll~e:JEJi:'fe:J~,):;~1J

~f) 25% bb~:; 50% bY1f)(91bbu11ua.J~~m:;'Vl1J'lIf)~bt.ll~e:JEJ"

~e:J~e:Jun~'fi~l.zr~u~ba.Ju~~l~'l

3. n1'5'~mt1 b'U.eI@1@'1

rn')bn(91i:'fua.Jiin b~a.J~Ub~e:JVJ~a.Jb'VI~ne:Je:Jn1'1i~~ b~~e:J1J

t11b'VI~f1bi1EJ'VIlmb~:;ilu"iJ~EJm1J~~1~bbri mla.J~U mla.J

~1~?fnEJ1y.JY11 bb~:;e:Je:Jn'Rb"iJU!ll,)bn(91i:'fua.Jm"iJbbD~bUU

i:'fe:J~~U'fie:JU [1] ~f) Initiation Period bb~:; Propagation
Period 1(91EJlu'lf1~ Initial Period b~a.Jb~f)~~e:J1')~5f)e:Ju

66a.J'VI~e:Jbb'\AI~~lUboIJla.Jli:'f:;i:'fa.J1ubdf)~e:Jun~Gl"iJuilmla.J boIJa.JoIJU

t1~,):;~1J1n~'fi Threshold ~1I1a.Jlm~~e:J h(911U'lf1~~~bbo/i

0.2-1.33 nn./a.J.3 'VI~e:J~~bb~75-1175 ppm 'lIe:J~~e:Jun~'fi

~~bUU,):;~1J~VJ~a.Je:Je:Jn 1'1i~~b~~e:J1Jb'VI~f1bi1EJ'VIlEJ'fila.J~1EJ'lf1~

Propagation Period ~~bn(91m:;murn') 1y.JY11b~iI'lIe:J~rn')

bn(91i:'fUa.Jb'VI~nf)~l~~m-df)~ [2] e:J~1~1')n'fila.J ~l'VIW~e:Jun~'fi



~~a,lbtll~f)~ q;)ll:::~1J~"n~ll bb(;]n'ih"luOJlnq;)f)'Un~(;]un~

biif)"OJlnSji1OJ~~~Sj~~m:::Y11Jbb(;]n'ih"f)f)nlumlb~a.Jblll~f)~

Sj~~ 1Viq;)f)'Un~(;]Sjmla.JY11JbbU'Ua.Jln~'U'lff)"11" Capillary

Sj'1l'UlCi1b~n~" ~"Sj~~ 1<;1~m"'11f)ml~a.J'VI~mb'V'f~~1'U'1If)"

q;)~f)h~Bf)f)'U 1<;1~~#a.JuldtY1i'1lf)"mlbb'V.dm:::0J1~

'1If)"q;)~f)11~Bf)f)'U~ln11q;)f)'Un~(;]un~ul:::a.Jlllima.Jbyh ~f)

14.7 X 10- 9 6Jia.J./1'Ul-n~m-n~1Jn1J 44.7 x 10- 9 6Jia.J.!1'Ul-n

[3] ~lli~a.JiJ~l'U~l'Umla.J~a.Jl~~,,~'Un1Jml1.Ja.J~'U bb~:::

f)lli 'VIll~~li1.J a.Jq;)f)'Un~(;] q;)f)'Un~'il ~ ~a.Jblll ~f) ~~1.J a.J, 'IJ

1'Uf)lli'VI1l~~1 ~"q;)" 1Viq;)lmla.J~h'UY11'Umlbbmn~a.J'1If)", 'IJ

q;)~f)11<;11~~n11q;)f)'Un~(;]un~ ~"bb~<;1"11mlbil<;1uijil~m

Uf)6Ji16Ji~1'U~"q;)" ~l bU'U'11f)l1.Jil"l bb~:::Sjq;)11a.Jrll~bIJ '11f)

mlVi~'U11m"~~1"m ~1'1,1,~"bj;'(~f)'Umlbyja.J~'U~l 'Uml~1J

Free Chloride 11~1~~~~~(;]OJlnuijmmuf)6Ji16Ji~1'U [4]

~"y'h 1Vi~<;15'illlml~a.J~1'U'1If)"q;)~f) 11~Bf)f)'U 11a.Jn"a1ma.Jllli

Water-Soluble Chloride Uf)~~"~l~ [5]

. . .
~1"i1.:Jfi1 Chloride Ingress Depth by AgN03 Test fie1q9i1.:J'j,tie w/b = 0.40, 0.50 "iiI~ 0.65
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m~ l.jfdh~e:w 1'U~1'U~fl~~eJ'U11~'il~i1i)'il~1~1'U

~1<iieJ1fl~1I~~fll'U (w/b) ~lll~~~lrn 0.35 'Jh~~~,
< '

if~lI~~~'VlTI'lIeJ-:Jm~bb'Vf'if,.h'U'lIeJ-:J~~eJ h~1~~111itl1 bii.eJ-:J"iJll1
~ , ~.. ... ... " '" ...

b'UeJ~eJ'Ul1~'il~ ml~y.j~'U'ill ~'lI'U 1~'IIeJ-:J1l-:Jb~l1 bb~~~~ b~ m,
mjbb~1 m~ l.jfbtll~eJ~~-:Jm"iJ 1~i1~~<iieJm~1I~'lJ1I~-:J~1'Ud" ,

~ll1itl1 [6]

~~m~$1m~l ~eJ'Ul1~'il ~fl~ btll~eJ ~"iJ111b~ ~l~ 1'U~1'U

m~~~ l<1f'lleJ-:J~~eJh~1~~mdVimbvl-:J~heJ ~1-:Jbb~~~~~'U<1f1 ~

m~~~~l~ Silver Nitrate bb~~m~b"iJl~bn'IJ~-:J~eJ'Ul1~'il

~ml~~l1<iil-:J'l ~l'Vl~fleJ'lJVllm~lrn~~eJ 1~~ y.j'IJ11btll~eJ~

~~m~~~~l'U'lIeJ-:J~~eJ 1~~1<1f~ bb~~mwYi~lI~~lru.'lIeJ-:J

btll~eJ~'Jh~~~m~~~~l'U 1<1f 1~ ~~~m~'Vl'IJ"iJll1ll~~lrn

m~bb'V1'U<1f1mtll~eJm~Vl1l-:J~eJ~~~15-351~~~lVlitl1 i1ml~

~1~qJ<iieJm~~~1ll~~~~1'U 1<1f~111111l~~"iJ111m~~~i)'il~~1'U

w/c [7]

blJ'U~~eJ~~n'U1l~eJ'U11~'ilVi~~~ .;reJ-:Ji1ml~~'IJ bbU'U,
bb~~i1~~~~Vi~~ bVl~l~fl~ ~-:Jm~l~bliJeJ-:Jn'Um~bn~flit~'lIeJ-:J,
bVl~m~~ 1<1f~ bb<ii~lVl~'IJ~eJ'Ul1~'il~fl~ btll~eJ ~~-:Jm~bn~

lIijmmlleJ'II1'11~litmieJ'U'nl-:J.jfl i1ml~ 11<iieJ~'VlTIy.j~m~tJ~

~111111l~eJ'U11~'il1l11~ [8]

A'"
4. 1fifl''3't161ifilll

1'Um~$1m~l'd vh m~VI~ eJ bbvl-:J~h eJ ~l-:J~eJ'Ul1~'il'll'U l~
,iJ, < ..

bfl'U~l'U~'U~l1m-:J 15 'II~. VI'Ul 5 'Ji~. bb~~bleJ~bb'IJ'IJ~eJ"
m'IJ 24 'II~. tJ~ 1'U~1"iJ'Um~m'IJ 28 1'U ,..j,1~lb~~eJ'IJ~1,
<1fl'U'IJ'Ubb~~<1fl'U~1-:J'lIeJ-:J'Vl~-:Jm~'lJeJl1~-:JfleJ-:I<1fl'U<1f1 ~ Epoxy

bb~1bb'1i1'Ufll~~~~1~ 1'Jib~~~~~eJ 1~~ 3% dj'U~~~~b1m 1, 3,

9, 18 b~eJ'U bb~1,..j,1~1'Vl~fleJ'lJ1ll~bbml1~~1<1f'lleJ-:lb1l~eJ~~eJ1~~

1~~,..j,lbbvl-:l~heJ~1-:l~111~ 1ViVil111m-:l bb~11.jfm~~~~1~6B~b1eJ~
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<1f1~ Epoxy bb~1bb'1ibbvl-:l~heJ~1-:l1'Ufll~~~m~ 1'Jib~~~~~eJ 1~~
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12 11~<il1~m~bn~fl~<1f1~ Half Cell Potentiometer
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1. ~~~'IJ~1l~~11'lleJ-:lm~bb'Vl~11'Ji~'lIeJ-:I~~eJb~~b~mb'll

'~heJ~l-:l1'Ufll~~~~1~ 1'Jib~~~~~eJ l~~~~~~~b1m 1, 3, 9 bb~~
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<1f1~ml~<iil-:l~11~1y.JV;Jl 12V ,..j,l~lfln~ bb~1m1"iJfleJ'IJ
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'lllfi 2 Potential & Time Relationship (w/b = 0.50) fi'i::tJ:: Covering cd1<1')
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