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Abstract: The durability of the reinforced concrete strucsuiegreatly affected by chloride ion diffusion.eTh
purpose of the present study is to evaluate theridel migration coefficient under accelerated testditions.
Accelerated test methods permit migration rateset@valuated for a specific mix design in a reétivshort
time. Ordinary Portland cement concretes of tiliferent water-cement ratios 0.55, 0.45, 0.40us@d in this
study. Two accelerated non-steady state test mettpdRapid chloride migration test (RCMT) (NT BUDL
492) and (ii) Accelerated chloride migration te8CMT) with 24V are used. Chloride penetration dejgh
obtained by Colourimetric method (0.1N Aghy@nd comparison is made with two acceleratedneshods. It
has been observed that in RCMT, the chloride mmnatoefficient increases with increase in watanent
ratio and is about 2.5 times less for w/c ratiddOwxhen compared to that of w/c ratio 0.55 and inVACT the
chloride migration coefficient is 1.7 times les$eTrate of Chloride penetration between two acatddrtest
methods showed good correlation.
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Introduction

Intrusion of chloride ion is one of the main caukesthe corrosion of steel reinforcements in ceter
structures exposed to nautical environment or ohgrisalts. The penetration rate of chlorides il ¢oncrete
depends upon many factors such as pore geometoyidehdiffusivity, chemical reactions, and envinoantal
conditions in which chloride diffusivity is the naajkey factor influencing the durability of the awate. The
chloride diffusion coefficient can be determined bgtural diffusion methods such as salt ponding tes
(AASHTO T259), Immersion test (NT BUILD 443) etcevertheless, such tests are protracted and toBify
considering those limitations, some researcheradgapid test methods such as Rapid chloride pdoititga
test (RCPT), Rapid chloride migration test (RCMAgceleration chloride migration test (ACMT) etc.qilick
and easy method of predicting the durability of @rete structures is RCPT, adopted as an ASTM stdnda
method, which is originally designed by Whitthghere are so many criticisms towards RCPT becafipeor
test results due to total charge passed throughkdaherete specimen and this result does not gieenration
about the diffusion of chloride iohgOne of the quick methods for predicting migratamrefficient in concrete,
which has shown good performance in test results lmarly correlated well with natural diffusioest
method is Rapid chloride migration teand later these rapid test method standardizédTaBUILD 492°by
Nordic Council Of Ministers. In order to avoid theating of specimen as in RCPT, applied voltagevahamne
of salt solution may be amplified to facilitate witeat dissipation and rise in temperature doesimse in the
tesf' . The chloride ion penetration depth can be detegthusing 0.1N silver nitrate solution (Agh)@n the
freshly split concrete and this method is knowrCatourimetric methotf. This system applied the standard
where a white deposit is formed through the reactivvolving silver ion (AG) and chloride ion (Cl. If
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colourimetric method is employed to concrete stries exposed to chloride ion, supplementary priatipn
reaction happens next to white precipitation i.eowm precipitation, occurs due to calcium hydroxide
[Ca(OH)] resulting since hydration of ceméhnother efficient technique is to apply an elecfiield for
accelerating chloride migration or penetration iscélerated chloride migration test (24V)With this
outcome, the work has been framed to evaluatehlogide migration coefficient for concrete by tweethods
i.e., RCMT and ACMT. Also, Colourimetric techniqe.1 N of AgNQ) is used to obtain the chloride
penetration depth.

Experimental Programme

Table 1 presents the mix design for OPC concretts ttwee different water-cement ratios 0.55(S1),
0.45(S2), and 0.40(S3). The materials used aremmomally available 53-grade ordinary Portland cetref
specific gravity 3.14, river sand of fineness moguB.0 conforming zone Il as per IS 383-1970, @oars
aggregate with a specific gravity 2.6 and normahple water.

For each wic ratio, cylindrical specimens (g100x201) were cast. In addition 150 mm cubes also cast
for compressive strength. Table vibrator was esertito make certain proper compaction. The suidatie
specimen is smoothened with the trowel. The 28aleyage cube compressive strength are 42 MPa, % MP
66 MPa respectively for S1, S2, S3 concretes.

Table 1. Mix Details

Set w/C Water Cement Fine aggregate | Coarse aggregate
ratio (kg/m®) (kg/m®) (kg/m®) (kg/m®)

S1 0.55 170 309 860 1056

S2 0.45 170 378 801 1056

S3 0.40 170 425 709 1056

Rapid Chloride Migration Test

Rapid chloride migration test demonstrated in NTIIBW 492 is used. At the age of 28 days, the
(8100x200mm) cylindrical specimens are sliced famBn thick using water-cooled concrete cutting maghi
denoted as top, middle and bottom. The 50 mm thkiided specimens are used for RCMT test and the tes
arrangement is shown in Fig. 1. The slanting pmsitvas designed to expel small gas bubbles thataamm
the cathode plate during testing [4]. DC Power pagkh constant voltage out-puts (variable in thiege of O-
60V) are used. The solution level of anolyte chan{fe3 N NaOH Solutions) and Catholyte chamber (10%
NaCl solution) are same. Cathode chamber (10% N&sCKept large to prevent build-up of the O&hd
depletion of CP*2 Turn on the power, with the voltage preset at, 30 record the initial current and initial
temperature in anolyte chamber.

Table 2.Voltage and Test Duration for Concrete Specimeh BUILD 492)

Initial current | 3o, Applied voltage U (after Possible new initial | Test duration
(with 30 V) (mA) adjustment) (V) current [,(mA) t (hour)

k<5 60 <10 96
5<1,<10 60 10< 1,< 20 48
10< 1,< 15 60 20< 1,<30 24
15< 1,< 20 50 25 1,< 35 24
20< 1,< 30 40 25 1,<40 24
30< 1,<40 35 35 1,<50 24
40< 1,< 60 30 40< 1< 60 24
60< 1,<90 25 50< 1,< 75 24
90< I,<120 20 6G< 1,<80 24
120< 1,< 180 15 606< 1,< 90 24
180< 1,< 360 10 68 1,<120 24
l, >360 10 $ >120 6
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During the test, temperature in anolyte chambeulshbe between 20-28C. The variable such as
voltage to be applied and test duration dependbs@mitial current and is shown in Table 2. Tablghows the
applied voltage and test duration adopted for difie w/c ratio used in the present study. It maybted that
the test duration is 24 hrs for all three sets aricrete. Record the final current and temperaturaniolyte
chamber before terminating the test. Remove theisea from the test setup, rinse it with tap watepe-off
excess water and split them axially into two piecggray 0.1N AgN®@ on the freshly split specimen as
represented in Fig 2. Once the white silver chkopdecipitation on the axial split surface is appéy evident
(nearly about 15mins), the chloride penetrationtlddms been measured with the help of ruler or iéern
calliper, at an intervals of 20mm.

Table 3.Voltage and Test duration adopted for differenh€etes

Concrete Initial current | zov | Applied Voltage | New current Test duration
(mA) (V) (mA) (hr)
S1 57 30 57 24
S2 66 25 56 24
S3 48 30 48 24
" potential
DC power
pack

a- Rubber sleeve

b- Anolyte(0.3 N NaOH)
¢- Anode plate

d- Concrete specimen

e- Catholyte(10% Nacl)

f- Cathode plate

g- Plastic std

h- Plastic support (acrylic)
i~ Plastic tub

01N AgNO:
—

Figure 2. Schematic Representation of Colourimetric Method

Accelerated Chloride Migration Test

Chiang et. al',and Yang et. al?used ACMT for evaluating the migration coefficieanid the test
procedure is described below. @100x50mm specimenpaaitioned in linking two acrylic cells as shown
Fig 3. Each cell with a solution volume of 250mIsmased. The anode cell was filled with 0.3mol/NzfOH
solution and the cathode cell was filled with 0.82inNaCl solution. Two mesh electrodes (g100mmjeve
located on the ends of the specimen so that tlotriekd field is applied across the 50mm thick aete slice.
The cells were coupled to 24V DC power pack foruaation of 24-hr, in which cathode is attachedhe t
negative terminal and anode is attached to thetip@derminal of the power supply. After switchiog the
electric field, initial current and initial tempeuae in an anolyte solution is to be measured. eliglolumes of
catholyte and anolyte solutions may minimize theperature effect on the test restiit8efore terminating the
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test final temperature in anolyte solution is meaduas 24°C. Colourimetric method was then usedhen
freshly split specimen to measure the chloride fratien depth.

L [vee }—
N @,

250 ml,
052N
NalCl

4 T I_*_

cal.hplyte Concrete specimen Anolyte
aolution (@ 100 mm x 50 mm) solution

Figure 3. Test Arrangement of ACMT

Results and Discussions
Chloride Migration Coefficient From RCMT

In the RCMT, chloride ions will be transferred thgh the sample under an applied voltage. The non-
steady-state migration coefficient (ywas computed from modified Fick's second law vahig given in Eq.

(1)

dC B (d3c |z|FE dC)
dt  ™\dx? RT ax

(1)

where C is the concentration of chloride ions, thes electrical charge of chloride (-1), F is Farad
constant (9.648x10J/ (V-mol)), E is the strength of electric betwesrode and cathode (V/m), R is the
universal gas constant (8.314 J/K-mol), T is theraye temperature in anolyte solution (K).As shown
equation (1), M is relatively constant and has the dimension #sew. In this case analytical solution to Eq. 2
can be derived, as reported by (Tang et. al., 2Ctank., 1975).

co( ax (x—aMns.t) . (x—aMns.t)‘)
=—| e orfc| ———— | + erfc| ———
2 2y Mpg.t 2/ Mps.t /, 2)

where ‘a’ is the factor of the electrical potent{aFzFE/RT) and erfc is complement to the error
function erf. The non-steady-state migration ceeffit can be computed once the electrical fieldarge
enough and the chloride penetration depthsx

RT Xd_aﬁ—d
"8 T 2FE (3)

Wherea can be taken as laboratory constant

a = 2jie1‘f‘l (1 - %)

4)

where g is the chloride concentration when colour chan@87N for OPC concrete), ¢s chloride
concentration in cathode chamber (2N). The chlomidgration coefficient can be computed using E{.af3d
is presented in Table 4.
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Table 4. Test Results from RCMT and ACMT

2680

RCMT ACMT
Concrete Xg M s Ry Xd (1\1 ”150 Rp
(cm) (1x10"m?s") | (mm/v-hr) (cm) s (mm/v-hr)
S1 4.27 24.97 0.0593 2.38 12.65 0.04138
S2 2.25 12.68 0.0375 1.70 9.55 0.029%
S3 2.06 9.613 0.0286 1.30 7.21 0.0226

Chloride Migration Coefficient from ACMT

In the ACMT, chloride ions move the sample undepastant applied voltage (24V). Same Eq. (3) can
be applied to determine the chloride migration fioeiht and is detailed in table 3. In whichwalue from Eq.
(4) is changes to 0.52N, because we are using 3@ Nahe Catholyte solution. Rate of penetrati&y) (is
calculated using Eq. (5) and is presented in Téble

_ X4
Rp =¢5% (5)

Where, ¥ is the Average penetration depth (mm), V is applieltage, t is test duration (hr).

Effect of Water-Cement Ratio on Chloride Migration Coefficient

The chloride migration obtained from two acceledatest methods is evaluated based on colourimetric
method. A good correlation is obtained betweennatfm and migration coefficient, is shown in Fig.l¢has
been examined that as water-cement ratio increasgsation coefficient increased. Using linear esgion
analysis, the correlation coefficient Ralue for RCMT and ACMT is 0.8927, 0.9767 respeij.
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Figure 4. Graph between Water-cement ratio and Chlorideatimn Coefficient

Correlation between RCMT and ACMT Migration Coefficients

Chloride migration coefficient between two testthoels is presented in Fig. 5 (a-c). As the water-
cement ratio increases correlation coefficieftvRlue is decreased and highe$tvglue is observed for w/c
ratio 0.40. Since, two migration coefficients shogvigood correlation, ant one method may be usetian
evaluation of the chloride migration coefficient.



K.Parthiban et a//Int.). ChemTech Res.2014,6(5),pp 2676-2682. 2681

——1\ ("0 33

12 T .
0 10 20 30

Migration coefficient in

RCMT, (1x10-12 m2/sec)

Figure 5a. Correlation between Migration Coefficient in RCNMfid ACMT for w/c 0.55
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Figure 5b. Correlation between Migration Coefficient in RCNMid ACMT for w/c 0.45
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Figure 5c. Correlation between Migration Coefficient in RCMid ACMT for w/c 0.40

Conclusions

The average penetration depth and chloride migrat@efficient were evaluated by two acceleration
migration test methods. Based on the experimemasiigations, it has been observed that the ddori
migration coefficient of concrete is powered by th& ratio and increases with increasing w/c ratie
chloride penetration depth was examined more in R@wmpared to ACMT. Highest’Rialue was observed
for w/c ratio 0.40 between RCMT and ACMT.
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