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Chloride Penetration Into Concrete Incorporating Mineral Admixtures or
Protected with Surface Coating Material Under Chloride Environments
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ABSTRACT

The effects of mineral admixtures and concrete surface coatings on the prevention of
chloride intrusion into concrete is reported. Concrete of high, low and medium water to binder
ratio, with and without mineral admixtures, or with and without a protected surface coating
were designed. Reinforced concrete slab specimens were subjected up to 70 cycles of wetting
and drying by ponding 4.0% sodium chloride solution and drying in atmospheric air. The
chloride content in concrete was evaluated after 10, 20, 60 and 70 cycles of wetting and
drying. The results show that the incorporation of mineral admixtures has a significant effect
in reducing the chloride intrusion into concrete. As a result, it can be said that the service life
of concrete structures incorporating mineral admixtures or protected with surface coating
materials becomes significantly longer than that of the structures made of plain concretes when
exposed to chloride environments, but, a good surface coating is far more effective and supe-
rior in enhancing service life than the incorporation of mineral admixtures.

Key words: chloride penetration, surface coating, mineral admixture, corrosion.
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Fig. 1 Specimen-size of slab.
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Table 1 Types of specimen

BERSE | ABLh(WB)| BYBEDNRE | XEEH

1 0.45 — -

2 0.60 - -

3 0.75 — —

4 0.45 - =

5 0.60 - b=

6 0.75 - 2

7 0.60 65% MEF ¥ (GGBFES) -

8 0.60 30% IR (FA) —

9 0.60 10% #¥ 1K (SF) —

10 0.75 65% & A (GGBES) -
#£2 KR BAEY - RIKEIRZACERAD LI%FxR)

Table 2 Chemical composition of cement, slag, fly ash and
silica fume (%)

8102 A1203 F6203 Ca0O MgO L.O.L
A | 21.0 53 3.1 | 644 | 26 —
B | 342 | 113 1.2 | 416 | 82 -
& Ik | s14 | 281 11.1 14| 16 | 35
¥ K | 970 - - — — 1.1
FHERE AN & -
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Table 3 Mix proportion of concrete

AR KB i & iie= ) =g EER
1.4 0.45 350 158 1250 590 -
2,5 0.60 350 210 1250 590 -
3,6 0.75 350 263 1250 590 =
7 0.60 122 210 1250 590 228 (GGBES)
8 0.60 245 210 1250 590 105 (FA)
9 0.60 315 210 1250 590 35 (SF)
10 0.75 122 263 1250 590 228 (GGBFS)
Fa4 RELTFERATCIEBEERR (B4 MPa) F5 BIEMEHRE
Table 4 compression strength of concrete at different ages Table 5 Specification of coatings
_ (unit: Mpa) il NERHEE HEHFEOPS) | AR (kg/m?)
AR i i g | AEREE - B 30 0.3
TR [ 28K | 1285K | 242K | 556 R ERE | B 18isisn 25000-35000 1.7
[/ | BB /7 -urethane enamel
1,4 54 72 70 71 81 100-200 05
25 0 16 45 46 50 B REACE] / FRTRRE] =4/1/2.5
3,6 22 31 33 34 37
7 17 33 35 47 53
8 17 26 33 33 42 RZBE L EEFRS ZEET  BEREXIIMLIE
9 35 50 55 61 65 — . ., w
10 15 23 29 35 43 E o 50mm SR G JIR G B FARRES T
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SREMIR 4 -

2.4 &M E

R E A BB pNR 2 » &
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Si0, 7% 1.22 » REAFF A BS6699 ZHE o RIKKY
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Fig 2 Chloride profiles of normal concrete (specimens 1,2,
3).
e 31
#*
W
40 @ O : Specimen No.4 (W/C=0.45)
4 1 Specimen No.5 (W/C=0.60)
N o imen N
il O : Specimen No.6 (W/C=0.75)
]JH’*‘ WH 60 cycle
B
% ol : :
= 0 10 20 30 40 50 60 70 80 90 100

mm)

SRR - B (1 SR -

6) °
Fig 3 Chloride profiles of concrete with surface coating.
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Fig 4 Chloride profiles of concrete with mineral admixture.
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Table 6 Rate of acceleration
B’E
SAE 3(W/B=0.75)

55mm

11.0

35mm

6.7
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Table 7 Estimated corrosion initial period

fhEHEIEER (&)
AR
_ {REEZERE =35mm (REFEE =55mm
i (—fEE L w/c=0.45) 3.94F (n=21) >4
2 (—iE&ELT w/c=0.60) 1.8 % (n=10) 5.1 & (n=17)
3 (—fR&E L wic=0.75) 0.6 (n=3) 245 (n=8)
4 (FZHEEZH wic=0.45) >12% >21 4
5 (FmEgH wlc=0.60) >12 5 >21
6 (ZEEH w/c=0.75) S0 >21
7 (EE w/b=0.60 ) SI2E >21 4
8 (FeIX w/b=0.60) 3.7 (n=20) >21 &
9 (RYIX w/b=0.60) S12 >2] &
10 (GGBFS w/b=0.75) 2.4 % (n=13) 19.6 £ (n=65)

fhEHRIEEHA (2 ) =n*10 (K)/365 (K) *r
n: BETFESEE 040% BFAEEERERE

r: IGEEZE (35mmER 6.7 * 55mmiER 11.0)
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