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Corrosion-Resisting Performance Evaluation of Concrete Mixed with Fly-Ash

Sang-Soon Park ™

Abstract: The role of fly ash in concrete become impotent with finding the characteristics of fly ash in which it is used as cement replacement material.
In this paper, corrosion test results obtained by two test methods such as the long-term exposure corrosion test and the accelerated corrosion test method,
were compared to investigated the corrosion resistance between fly ash concrete and normal concrete. Corrosion initiation time was measured in two
types of concrete, i.e., one mixed with fly ash(FA) and the other without admixture(OPC). The accelerated corrosion test was carried out by four case,
i.e., two samples is a cyclic drying-wetting method combined without carbonation(case 1) and combined with carbonation(case 2), and the other two
samples is a artificial seawater ponding test method combined without carbonation(case 3) and combined with carbonation(case 4). Whether corrosion

occurs, it was measures using half-cell potential method. The ponding test combined without carbonation was most effective in accelerating corrosion
time of steel bars. The results indicated that the corrosion of rebar embedded in concrete occurred according to the order of OPC, FA. The delay relative
ratio of corrosion obtained by corrosion initiation time between FA and OPC is 1.04 to 1.27. Consequently, fly ash concrete as the age increases its

corrosion resistance was improved compared with OPC concrete.
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Table 1 The chemical composition and strength properties of cement

i Compressive Strength
Spe01'ﬁc MgO SO; Fineness P ¢
gravity ) (MPa)

3 (%) (%) (cm’/g)
ay ay ay
(g/enr’) 3d 7day 28d
3.15 2.1 2.2 2,800 267 412 57.6

Table 2 Chemical composition and properties of fly-ash(FA)

SiO, ALSO  Fe,Os SO; CaO MgO Fineness

em oy @) ) ) %) (%) (e

FA 642 199 4.5 0 3.8 1.1 3,580

Table 3 Physical properties of the fine and coarse aggregate

Densn;/ Surface absorption Fineness Unit welght

Ttem (g/em’) rate(%) modulus (kg/m’)
Fine ag. 2.6 1.5 2.5 1,597
Coarseag. 2.7 0.9 6.5 1,655
Table 4 Mix proportions for concrete specimens
. W/B Unit Weight(kg/m®)
Mix. o
) w C FA  BS S G
OPC 60 165 275 - - 840 975
FA 60 165 220 55 - 840 975
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Fig. 1 (a) Photo of specimen used in case 1, 2, (b) specimens in constant
temperature and humidity chamber, (c) specimen used in case
3, 4, (d) specimens in rapid carbonation test chamber



Table 5 Artificial seawater composition table(g/L)

NaCl MgClz . 6H20 Nast4 CaClz KCl
24.5 11.1 4.1 1.2
Teo | 1 Cycle ~
relative humidity| relative humidity
40c —
15C
wet(3day) dry(4day)
(2)
1 cycle

T(0)

relative humidity
60%

. |
\ |
L

| \ |

15+ |relative humidity|

wet(3day) dry(4day)

(b)

relative humidity
60%

i«
long-term dry process duration

(©)

CO2 5%

relative humidity

« >

lona- term carbonation process duration

Fig. 2 Condition of Accelerated Corrosion Test: (a) casel, wet and
dry, (b) case2, wet and carbonation dry, (c) case3, ponding in
dry, (d) case4, ponding in carbonation dry

3t om, o] B = Table 50 VFERNQITE A& ol AL
S8 AE-E FAg XA 7] 7] 918 I 554 10 mmE
399.2.™, 100 x 100 x 100 mm ZALE BE=E AR5k A

Table 6 Test condition of accelerated corrosion by cyclic drying and
wetting environment

Wet Dry
Temp.(°C) R.H.(%) Day Temp.(°C) R.H.(%) Day
case 1 40 90 3 15 60 4
case 2 65 90 3 15 60 4
case 3 - - - 65 60 all
case 4 - - - 15 60 all
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Table 7 Test condition according to the initial current value(Zhang
and GjDrv, 1994)

Initial current 130v  Applied voltage U  Possible new Test

(with 30V) (after adjustment) initial current [, duration

(mA) V) (mA) (hour)
<5 60 I, <10 96
5=<I)<10 60 10 <1,<20 48
10 =<1,<15 60 20 =<1p<30 24
15<1,<20 50 25 <1y<35 24
20 < 1p<30 40 25 < 1p<40 24
30 <[y <40 35 35 <1y<50 24
40 <1y <60 30 40 <1y <60 24
60 <1p<90 25 50 <1,<75 24
90 <1p<120 20 60 =< 1,<80 24
120 = 1, < 180 15 60 <1p<90 24
180 = 15 <360 10 60 <1p<120 24

Io = 360 10 Iy = 360 6
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b(t)f--
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Fig. 3 (a) Determination of instantaneous diffusion coefficient, (b)
apparent diffusion coefficient(Note: Dark area indicates test
or exposure duration) (Yanbo et al., 2015)
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Fig. 4 Results of half-cell potential with time after accelerated
corrosion test according to cyclic drying-wetting conditions
in artificial seawater solution depending on mix proportion
and the number of cycle: (a) OPC, (b) FA

(b)

Fig. 5 Photographs of corroded rebar and crushed specimen after
accelerated corrosion test: (a) OPC, (b) FA
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Table 8 Result of accelerated corrosion test

Type Monitoring  Corrosion initiation time(day)
OPC Half cell 98
case 1
FA Half cell 105
OPC Half cell 91
case 2
FA Half cell 103
OPC Half cell 63
case 3
FA Half cell 70
OPC Half cell 77
case 4
FA Half cell 80
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1>
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Table 9 Resistance to chloride ion penetration test results

Specimen Non-s.teady-state mig_rgtiozn Age
coefficient(Dyssm) [<10™ "m™/s] (day)
OPC 3.840 7
FA 3.351 7
OPC 3.528 90
FA 2.036 90
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Table 10 Result of compressive strength according to mix proportion
due to change in age(MPa)
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Table 13 Comparison of test and analysis result

The time to initiation of corrosion(days)

Type
P test analysis
OoPC 415 380
FA 525 510

7 days 14 days 28 days 56 days
OPC 20.49 26.52 27.01 28.48
FA 18.45 24.42 30.71 35.17

Table 11 Result of long term exposed corrosion test

Table 14 Relative ratio of corrosion time between OPC and FA by
test types and analysis results

Type Monitoring  Corrosion initiation time(day)
OPC Half cell 415
case 1
FA Half cell 525

Corrosion time(day) relative ratio

Table 12 Analysis parameter

OPC FA
c,(kg/m®) 4.656 4.476

¢, (kg/m) 1.375 1.375
D, (10" m?/sec) 3.840 3.351
n 0.37 0.37

Condition corrosiontime Note
OPC FA corrosiontime ,pe.

analysis 380 510 1.34 tidal
long-term 415 525 1.27 tidal
exposure

accelerated 08 105 1.07 case 1
corrosion

accelerated 91 103 1.13 case 2
corrosion

accelerated 63 70 1.11 case 3
corrosion

accelerated 77 80 1.04 case 4
corrosion
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