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A Study on Corrosion Potential of Cracked Concrete Beam

According to Corrosion Resistance Assessment
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Abstract

Development and use of blended cement concrete is gaining more importance in the construction
industry with reference to durability mainly due to the pore refinement and reduction in permeability.
Cracks play a major role on important parameters like permeability, rate of chloride ingress,
compressive strength and thus affect the reinforcement corrosion protection. Furthermore, when a
crack occurs in the cover concrete, the corrosion of the steel reinforcement may be accelerated because
the deterioration causing factors can pass through the crack. In recent years the effect of cracking on
the penetration of concrete has been the subject of numerous investigations. Therefore assessing the
service life using blended concrete becomes obviously in considering the durability. In the present
study, the corrosion assessment of composite concrete beams with and without crack with of 0.3mm
using OPC, 30% PFA, 60% GGBS, 10% SF was performed using half cell potential measurement,
galvanic potential measurement, mass loss of steel over a period of 60days under marine
environmental conditions and the results were discussed in detail.
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Table 3 Oxide composition of OPC, PFA, GGBS and SF
used in this study (in %)

Oxide OPC PFA GGBS SF
CaO 64.7 1.7 41.2 0.31
Si02 20.7 48.7 34.2 94.9
Al;O3 4.6 18.8 11.7 0.23
Fe203 3.0 7.7 1.43 0.07
MgO 1.0 1.0 8.81 0.04
Na20 0.13 0.4 0.29 0.15
K20 0.65 1.9 0.31 0.56
Mn203 - - 0.3 -
TiOs - 0.9 0.58 -
SO3 3.0 0.64 - -
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Fig. 1 Experimental set-up for cracked concrete
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Half Cell Potential (Sound Concrete)
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Fig. 4 Comparison of half-cell potential; sound concrete(a)
and cracked concrete(b)
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Table 4 Galvanic potential result of sound concrete (mV)
9 E | 72 | 142 | 179 | 212 | 302 | 439 | 60%
oPC -44 | -282 | -173 | -182 |-109.6 |-117.5| -324
(w/e=0.4)| -184 | -389 | -324 | -307 | -78.6 | -90.8 | -181
oPC -376 | -425 | -315 | -322 |-103.4| -137 |-289.3
(w/e=0.5)| 250 | -365 | -256 | 231 | -91.2 | -58 | -82.6
oPC - -78 | -29 | -53 | -120 | -230 |-273.3
(w/e=0.6)| - | -356 | -42 | -190 |-105.5|-120.1|-372.7
30% -160 | -203 | -142 | -162 | -34 | -33.1 |-164.3
PFA -160 | -178 | -35 | -155 | -8.2 | -53.7 |-162.8
60% -358 | -411 | -324 | -302 | -90.4 |-103.3|-276.5
GGBS | -167 | -163 | 222 | -204 | -5.5 | -2.3 |-156.2
10% -292 | -315 | -235 | -206 | -87.9 |-104.3|-272.4
SF -236 | -260 | -191 | -187 | -46.3 | -26.2 |-148.2
Table 5 Galvanic potential result of cracked concrete (mV)
7 F 78| 142 | 179 | 212 | 30€ | 43¢ | 60¥
OPC -420 | -415 | -356 | -351 |-118.5|-112.7 | -256.9
(w/e=0.4) | -180 | -128 | -207 | -199 | -34.2 | -60.5 |-153.5
OPC -430 | -413 | -374 | -381 | -17.7 |-121.5|-224.1
(w/e=0.5) | 104 | -237 | -250 | -220 | -24.6 | -92.3 | -17.5
OPC - | -138 | -132 | -136 | -95 |-135.2|-183.5
(w/e=0.6) | - | 225 | -75 | -201 | -172 | -98.9 | -275.6
30% 49 | 43 | 22 | -48 | -125 | -94 | -11.2
PFA -210 | -328 | -292 | -291 | -42.2 | -41.8 | -255.9
60% -400 | -397 | -325 | -299 |-137.4|-170.2|-251.6
GGBS -302 | -312 | -239 | -246 |-106.9 |-104.2|-180.9
10% -404 | -458 | -400 | -398 |-167.9 |-163.3 | -276.4
SF -145 | -245 | -260 | -266 | -49.1 |-151.2|-227.2
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Fig. 5 Comparison of galvanic potential; sound concrete(a)
and cracked concrete(b)
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e, olFe] Aelgkel FgAIAE LA A" g, E3pAE mlael SloiMe OPC ) 10% SF
30L7H AS7F stz AR 438 AF= 5t ) 30% PFA ) 60% GGBSS FAARY €15 7}
g A&ES & F AUATH A OPCe 757t FAAR SN = 7P

o Aoz uveigrh g, FgAERe -.J—lxi?%“é

33 2 Ztzkol| o s BAlZF u|m o] glelAE OPC ) OPC(erack) ) 10% SF )

30% PFA ) 10% SF(crack) » 30% PFA(crack)

2 ATollM Falste] sjE Al dol digk A 60%GGBS ) 60%GGBS(crack)e] £o2 YEfa
F &4 A% ZF4E Table 6 1/‘rE}LH"*E‘r AT A= AT 53], W/C=0.421 79l 10%
ANERE] TGS JEHoT WYAZ FIEHI] SFel 7% t2 OPC, 30% PFA, 60% GGBS<]
A2 AR AR E AR H2oA 9 él% EAE T3 E3 A AA Bl Be &AE o2 1AHS
ol AF 60¥] & 7Ixte] FA SHolUAE, =4 o] Rl oA del7kEe vAUATE HlA
50| o ZAENA IA VEbdS & F Ik T = Fole 27550 we Fatdds AXA

A EY] F2 AT &4 AARFEH =AM A HEE vYFe e He A BAs AAEke
Enl9] 7o (W/C=0.5 ) W/C=0.6 ) W/C=0.4) o 7oty ddEd. a2 9 OPC, 30% PFA,
B AR Yeht SAMER|9L o] F217 60% GGBS AlgAlolEs 24d zjole] A &4
Ao FAZE W/CE7tl wet A Ea= & B2 HoForA A F9d ddo] T H2
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Table 6 Mass loss result of cracked concrete g et 5912 Baxdn wEnh e 60%

AR 28 ;1{1 ;}“) 20‘;3‘_7;]“(3 . i—“j/) ( H‘fg/ : GGBS$ 30% PFAE W& =z Qlg) 2agE
OPOwe=0M|_269.69 | 269.641 | 0.01817 | 0.00981 W Al did AgS BT oA XgE &

(Fg%) | 269.452 | 269.396 | 0.02078 | 0.01192 3] HojZFw 9uim & 4 9ag

OPC 269.765 | 269.737 | 0.01038 | 0.00152
(w/c=0.4) 269.5 269.469 | 0.01150 | 0.00264

30% PFA | 269.716 | 269.164 | 0.20466 | 0.19580 34 XA EAl gl ojZEAM Almbaty H| @
(%) | 267.638 | 267.275 | 0.13563 | 0.12677

269.746 | 269.266 | 0.17795 | 0.16908

9 - -
30% PFA 56695 | 266.588 | 0.13561 | 0.12674 Fig. 60 A3 zAS AAE JHrIEEd]
10% SF 266.621 266.513 0.04051 0.03164 E__E‘Eigl OS—E‘%EM] U}% _?_qxq_?/]%;ggi}_% E*]ﬁ}

(FEH) 269.755 | 268.997 | 0.28100 | 0.27213

274.97 274.91 0.02182 | 0.01296
274.458 | 274.333 | 0.04554 | 0.03668 6.0

10% SF

OPC(w/c=0.5)| 274.117 | 273.561 0.20283 | 0.19397
(FEH) 274.96 273.7 0.45825 | 0.44939 1

OPC 274495 | 273.696 | 0.29108 | 0.28222 o
(w/c=0.5) | 274.352 | 273.469 | 0.32185 | 0.31299

»
n

T ——30%PFA |~~~ =~ r-T oo |
—— 60% GGBS

2

60% GGBS| 274.143 | 273.497 | 0.23564 | 0.22678
(FEH) 274.008 | 273.308 | 0.255647 | 0.24660

274.631 | 274.011 | 0.22576 | 0.21689

0,
607% GGBS 274.454 | 273.893 | 0.20441 | 0.19554

Corrosion rate (uA/cm’)
w
=)

OPC(w/c=0.6)| 274.910 | 274.729 | 0.06584 | 0.05698
(FEH) 274.795 | 274.577 | 0.07933 | 0.07047

n

opC 274.359 | 274.146 | 0.07764 | 0.06877

(w/c=0.6) | 274.708 274.134 0.20895 0.20009 0.0
274.398 274.366 0.01166
N " Chlorides added (%, binder)
C;’t“et;l(’l 274.883 | 274.86 | 0.00836
274.439 | 274.421 0.00655 Fig. 6 Comparison of corrosion rate; Internal chloride
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