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Abstract

This research aims to study the effect of temperature and relative humidity in
environment on chloride threshold content of concrete. The effect of temperature at 30°C and 50°
C and the relative humidity at 30% and 90% on chloride threshold content were studied under
cyclic wetting and drying cycle of 1-day wet and 1-day dry and chloride solution of 5%
concentration. The depassivation time of steel was detected by measuring corrosion current
density and half-cell potentials according to ASTM G109 and ASTM C876 standards,
respectively. Concretes in this study were concrete containing fly ash with the replacement of
20% 40% and 60% of binder, concrete containing silica fume with the replacement of 7.5% and
15%, concrete containing synthetic zeolite with the replacement of 1% and 5% by weight. The
water to binder ratios were varied from 0.40 to 0.60 and the specimens were cured for 7 and 28
days before testing chloride threshold content.

From the experimental results, it was found that concrete exposed to temperature of 30
°C and constant relative humidity of 90% has longer depassivation time of steel than that of 50°C,
but has lower chloride threshold content. Concrete exposed to relative humidity of 30% and
constant temperature of 50°C has longer depassivation time of steel than that of 90%, but has
lower chloride threshold content. When steel corrosion index, Sl.,, which is the depassivation
time of steel in concrete per unit of chloride threshold content was considered, higher Sl results
in longer depassivation time of steel. The study results showed that concrete exposed to low
temperature environment has higher Sl than concrete exposed to high temperature environment.
Concrete exposed to low relative humidity environment has higher SI., than concrete exposed to
high relative humidity. Concrete containing fly ash with the replacement of 40% has the highest
SI.p, but has lower compressive strength than cement concrete. Concrete containing synthetis
zeolite with the replacement of 5% exposed to temperature environment of 50°C and relative
humidity environment of 90%, has higher SI., than that cement concrete, but has very closed
compressive strength to cement concrete. Concrete containing silica fume with the replacement
of 7.5% exposed to temperature environment of 30°C and relative humidity environment of 30%,
has higher SI, than that cement concrete, and has higher compressive strength than cement

concrete.
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Condition Threshold values Detection method Reference

Pore solution 0.6 Half-cell potential ~ Hausmann (1967)

fore]
i
i

63 Polarisation Yonesawa (1988)

0.079-0.19 AC impedance Hope (1989)

0.78-0.93 0.11-0.12 0.16-0.26 Half-cell potential ~ Jang et al., (2003)

0.90(15% PFA) 0.11 0.19

0.97(30% 0.03 0.23
GGBS)

Specimen + external Cl- 0.227 0.364 1.5 Polarisation Alonso (2002)

0.70(0OPC) Mass loss Thomas (1996)

0.50(30% PFA)

1.8-2.9 Polarization Petterson (1993)

0.6-1.4 Macrocell Glass et al., (2000)

Note : SRPC : sulphate resistant Portland cement, PFA : pulverised fly ash.

GGBS : ground granulated blast furnace slag,OPC : ordinary Portland cement
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~ o =\ A = s 9 aay
ATTNN 3.1 mﬂﬂizﬂ’a‘umﬁ!,mJl,!,azﬂmﬁuwmNmﬂmweumﬂuuﬂmuuﬂ 101098 G]fﬁﬂTl{‘Jll uae

#Vo lavduner

Chemical Composition (%) Portland cement Fly ash Silica fume Zeolite
MaeMoh

Silicon dioxide (Si0,) 19.51 40.68 92 32.98
Aluminum oxide (AL,0,) 4.97 22.07 0.7 27.73
Iron oxide (Fe,0,) 3.78 12.64 1.2 0.04
Calcium oxide (Ca0) 65.38 13.69 0.2 0.04
Magnesium oxide (MgO) 1.08 2.98 0.2 -
Sulfur trioxide (SO,) 2.16 1.72 ) 0.04
Loss on Ignition (LOD) 2.27 1.07 B 19.19
Sodium oxide (Na,0) 0.01 1.53 B 19.86
Potassium oxide (K,0) 0.44 2.52 B 0.04
Titanium dioxide (TiO,) 0.26 0.42 B -
Phosphorus pentoxide (P,0y) 0.07 0.15

Manganese oxide (MnO) - 0.07 B -
Strontium oxide (SrO) - 0.11 B -
Vanadium.pentoxide (V,0y) - 0.05 ) -
Chromium oxide (Cr,0,) - - B -
Zinc oxide (ZnO) - 0.02 B -
Zirconium oxide (Zr0,) - 0.02 B -
Barium oxide (BaO) - 0.15 B -
Arsanic oxide (As,05) - 0.02 B -
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3.1.2 gunsaazansndinlFlumsnaaes
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A a a 3
(Chloride threshold) Hag3egsININIINNATUNLWAN (Depassivation time) AUVIATIIU
ASTM G109
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<3 a ] o Aan
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gﬂﬂ 3.10 maaimmauﬂaﬂ"liﬂmqm 390 99.99

o Y ¢
2. ginsamazansindiilFlunmsnageummifSinannasnaelsninga

1. 1A384 Auto titration §' U 785 DMP TitrinoMetrohm
2. TEE-Fluorcarbon-coated magnetic stirring bar
A ] <
3. ITONNIULNLNAN
4. Lﬂ%@if}ﬂ (Suction apparatus)
4 9
5. 1393AN (Hot pate)
4 Y H an
6. Lﬂ%wmmummumma (Digital balance)

' &
7. UNUNISATHNITDIUD YD

3‘]]17] 3.11 Lﬂ%ﬁ]i Auto titration ;iu 785 DMP TitrinoMetrohm
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1 3.12 Lﬂ%ﬁ]iﬂﬂ (Suction apparatus)
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Foudanas

drnesvuna 100 uaz 250 Jaaang
NIZUBNANIUIA 100 Haaans
vIadsulsnasvuia 1000 Haaans
UNIAIAUET

urunszitiola

138 (Buchner funnel)

A5 luATA (Nitric Acid)
laTasiuleseon lad (Hydrogen peroxide)

Methyl orange indicator

Tadsunanlsd (NaCl)

A1582a1001AT51W 0.05 N Fare3 1A (Silver nitrate)
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317 3.15 n3alua3n (Nitric acid)
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3.2 35MINAAD3
3.2.1 MISIAENAIDEN
o (Y da
mMInageUdmSummansznuvesSunanaalsnInga (Chloride threshold) Haz
a a a [ . . .
FrazINMIUNATHUYBAUTINLVIAN (Depassivation time)
v %] v 9 o U = <Y Ao
WapMegNNATOUAINA1T N 3.2 Tagldansdruludwuadiu uazmsunuiiag
aay d o 4
Uszanudredianedosas 20 40 uaz 60 Famfuiesaz 7.5 uaz 15 ¥ e lavidunsizriovay
1 90’ T W T W 1 % 1
1 uaz s oasdIhae TagUszauminy 0.40 53 0.60 HaoAIDINNATDUVIA

a A [ { @ ' § g @
115x150x280 Haauas’ ?’Ngﬂﬁ 3.19 Wﬁ\ﬁ]Wﬂﬂ@ﬂLLUUTJiJﬁI'JEJﬂ'NN%uLﬂHUa'I 28 U

D g5y i
76 mm
§ Bmm

Sealed with ] Sealed with
epoxy and | Resistor | epozy and
electrical tape 100 & electrical tape

| 50mm | 280 mm | 50 mm |

™ e e *

5

Plastic dam filled with
chloide solution

-5
i
2

20 trm

150 zen 80 rrtn

I Reinforcing bar
+— Concrete

115 mm

A = o v < %] ]
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WapAIBINNATEUAINA1I 3.2 Tasldoasiaru)udmuddiu uazmsunuiiag

aa Jd o J
Uszaududiassdovas 20 40 uaz 60 Fanuiesas 7.5 uaz 15 Flolavidunsizviesas

1 R Y 1w 1
LU 5 amm’mummﬁ@ﬂizmummu 0.40 5\1 0.60 ADANIDYWNATDUVUIA

an 1% ] A [
100*100*100 Hawas’ waqmﬂaammuuuﬁ"mmmmmﬂunm 28 U

A 1 A A k) an y =~ - o
AT NN 3.2 AIUNTUADUNTIANNTNID1ADY c}famvju Lmzcﬂallawmmﬁw

Mix proportion of concrete (kg/ms)

Binder water sand Rock
No. Mix id. @ (SSD) (SSD)

= = = )

“g’ = £ =

S 2z 8 o

@] = o= N

7R

1. 140 421 - - - 168 776 1025
2. 150 369 - - - 185 776 1025
3. 150F20 286 71 - - 179 776 1025
4. 150F40 208 138 - - 173 776 1025
5. I50F60 134 201 - - 168 776 1025
6. I50SF7.5 338 - 27 - 182 776 1025
7. I50SF15 307 - 54 - 180 776 1025
8. 150701 365 - - 4 160 776 1025
9. 150705 348 - - 18 159 776 1025
10. | I60 329 - - - 174 776 1025
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A13197 3.3 HAAIDIT Az IDIANINATDY chloride threshold YoIADUAIA LAazidou luns

At
Specimen | Mixid. | 3z81% ALY QMU [CI'] ik Jgansitlan
No. i (%) C0) luog CEHITEN
(W) (%) (u:3)
C1 140 28 90 30 5.0 1:1
C2 140 28 90 50 5.0 1:1
C3 150 28 90 30 5.0 1:1
C4 150 28 90 50 5.0 1:1
C5 150 28 30 50 5.0 1:1
C6 150F20 28 90 50 5.0 1:1
C7 150F40 28 90 30 5.0 I:1
C8 I50F40 28 90 50 5.0 I:1
C9 I50F40 28 30 50 5.0 I:1
C10 I50SF7.5 28 90 30 5.0 1:1
Cll1 I50SF7.5 28 90 50 5.0 1:1
C12 I50SF7.5 28 30 50 5.0 1:1
C13 15071 28 90 50 5.0 1:1
Cl4 15025 28 90 50 5.0 1:1
C15 150-00 7 Tuaugu | uadugu 5.0 1:1
Cl6 | I50F60 7 Tuaugu | luadugu 5.0 1:1
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Depth for measuring
chloride threshold 15-25 mm.
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£0373 alaa (2556)
MNsANE waﬂﬁwmmqmwgﬁuazmmc‘i‘?uﬁuﬁ'ﬂﬁ@iaﬂ?mmﬂaa"liﬁ?ﬂqmmﬂauﬂ%
, X - CTL Resistance Index Check
Specimen ILYTUNU AIMNYH YN DT D,
Mix id. o (% by wt of )
No. M) (%) (°O) (Day) (cm’/year)
binder) ST, ST, CI, ClL,,, SI. | SI,,, | Cly | Cl,
1 140-00 28 90 30 112 1.02 6.07 109.80 | 18.464 0.009 0.054 v x v X
2 140-00 28 90 50 54 2.27 9.43 23.789 5.726 0.042 0.175 x x x
3 150-00 28 90 30 40 2.43 1431 16.461 2.795 0.061 0.358 v x v X
4 150-00 28 90 50 30 52 24.89 5769 | 1206 0.173 0.830 v v v v
5 150-00 28 30 50 36 3.45 4.90 10.435 7.340 0.096 0.136 v x 4 x
6 150F20 28 90 50 36 227 10.93 15859 | 3.294 0.063 0.304 v x 4 x
7 150F40 28 90 30 188 1.66 1.76 11325 | 107.086 | 0.009 0.009 v v v v
8 150F40 28 90 50 76 0.7 1.70 108.57 | 44.733 0.009 0.022 X x x x
9 IS0F40 28 30 50 104 0.93 1.57 111.82 66.174 0.009 0.015 x x x x
10 I50SF7.5 28 90 30 46 1.88 10.42 24.468 4.416 0.041 0.226 x x x x
1 150SF7.5 28 90 50 6 2.07 53.17 2899 | 0.113 0.345 8.861 v v v v
12 150SF7.5 28 30 50 38 2.81 21.61 13523 | 1758 0.074 0.569 v v v x
13 15021 28 90 50 8 3.57 84.66 2241 | 0.094 0.446 | 10.583 v v v v
14 150Z5 28 90 50 100 1.95 5.57 51.282 17.966 0.020 0.056 x x x x
9 7 10 4
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Specim o EEEANLY Depassivation CTL D, Resistance Index Check
No. Mbxid. (‘ﬁﬂ) time (% by wt of (cmz/yea ST, SIp. Cl, Cl,,» SIc | SI, | Clp | CL,
1 140 7 347 2.63 2.26 131.939 153.757 0.008 0.007 v | vV | vV | V
2 150 7 165 221 4.06 74.661 40.644 0.013 0.025 v | vV | vV | V
3 160 7 31 1.03 7.64 30.097 4.059 0.033 0.246 v | vV | vV | V
4 160 28 95 2.97 6.82 31.987 13.922 0.031 0.072 x x x x
5 160 56 101 3.55 9.16 28.451 11.029 0.035 0.091 x x x x
6 150F30 7 3 0.89 108.95 3.371 0.028 0.297 36.316 v | vV | vV | V
7 150F30 28 164 1.6 4.56 102.500 35.958 0.010 0.028 v | vV | vV | V
8 150F30 56 173 1.67 2.64 103.593 65.533 0.010 0.015 v | vV | vV | V
9 150F50 7 3 2.63 660.58 1.141 0.005 0.877 220.192 v | vV | vV |V
10 I150F50 28 3 1.06 69.35 2.830 0.043 0.353 23.118 v | vV | vV | V
11 150F50 56 79 12 4.71 65.833 16.770 0.015 0.060 x x x x
8 8 8 8
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Specimen szazni DT CTL D, Resistance Index Check
Mix id.

No. (W (day) (% by wt of binder) | (em’/year) | SI,. | SI,,. | Cly | €L, | SI. | SI, | Cl, | CI,.,
1 C100 28 54 6.04 2.03 26.601 | 8.934 | 0.038 | 0.112 v v v v
2 C70FA-MM30 28 96 3.59 1.21 79.339 | 26.720 | 0.013 | 0.037 % v x v
3 C50FA-MMS50 28 64 3.81 0.73 87.671 | 16.801 | 0.011 | 0.060 X v x X
4 C70FA-H30 28 112 321 1.25 89.600 | 34.940 | 0.011 | 0.029 v x v x
5 C50FA-H50 28 70 3.85 0.8 87.500 | 18.172 | 0.011 | 0.055 X v x v
6 C70FA-B30 28 92 2.86 1.46 63.014 | 32.186 | 0.016 | 0.031 X v X X
7 C50FA-B50 28 56 4.12 0.88 63.636 | 13.599 | 0.016 | 0.074 % v v v
8 C70FA-HM30 28 128 2.88 1.42 90.141 | 44.401 | 0.011 | 0.023 v v v v
9 C50FA-HM50 28 74 4.09 0.84 88.095 | 18.075 | 0.011 | 0.055 X % X X
10 C70FA-BM30 28 104 2.39 1.39 74.820 | 43.590 | 0.013 | 0.023 x x x x
11 C50FA-BM50 28 68 2.58 0.88 77273 | 26.368 | 0.013 | 0.038 x % x v

3 6 4 8
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Specimen o iz&zﬂu1§1 DT CTL D, Resistance Index Check
No. Mixid: (5’u) (Day) | (% by wt of binder) (cmz/year) ST ¢ SIp. Cl, Cl,,.» S, SL, | Cl, Cl,,»
1 C100 28 62 2.11 6.00 29.384 | 10.339 | 0.034 0.097 v X 4 X
2 CIFAMM30 28 90 1.19 4.83 75.630 | 18.626 | 0.013 0.054 X X x X
3 CIFAB30 28 128 0.61 0.88 209.836 | 146202 | 0.005 0.007 X 4 X v
4 C1FABM30 28 88 0.48 1.95 183333 | 45.188 | 0.005 0.022 X S X X
5 CIFAH30 28 92 1.26 8.70 73.016 | 10.573 | 0.014 0.095 x | X X X
6 C1FAHM30 28 96 0.55 2.96 174.545 | 32.487 | 0.006 0.031 X X X X
7 CIBAMMI10 28 60 2.02 7.80 29.703 | 7.688 0.034 0.130 Vo x v x
8 CIBABI0 28 58 1.46 6.61 39.726 | 8.781 0.025 0.114 Vo x X X
9 CIBABMI0 28 80 0.84 2.59 95238 | 30.895 | 0.011 0.032 X X x X
10 CIBAHI10 28 84 1.82 12.34 46.154 | 6.807 0.022 0.147 Vo x v x
11 CIBAHMI10 28 68 1.79 8.23 37.989 | 8.263 0.026 0.121 v x X X
12 CIBAMMS30 28 70 1.74 12.56 40230 | 5.571 0.025 0.179 v x 4 X
13 CIBAB30 28 72 1.32 5.85 54545 | 12306 | 0.018 0.081 Vo x X X
14 C1BABM30 28 86 0.68 1.27 126471 | 67.807 | 0.008 0.015 X X X X
15 CI1BAH30 28 90 1.76 4.12 51.136 | 21.836 | 0.020 0.046 X X X X
16 C1BAHM30 28 86 1.38 4.69 62319 | 18321 | 0.016 0.055 X X X X
17 C1FAMM30BAMMI10 28 94 0.26 3.01 361.538 | 31.242 | 0.003 0.032 X X X X
18 C1IFAMM30BAH10 28 112 0.89 6.80 125.843 | 16.466 | 0.008 0.061 X X X X
19 C1FAH30BAMMI0 28 98 0.90 3.84 108.889 | 25.525 | 0.009 0.039 X X S X
20 C1FAH30BABI10 28 96 1.80 31.94 53.333 | 3.006 0.019 0.333 X X X X
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Specimen DT CTL D, Resistance Index Check
Mix id. o )
No. () (Day) | (% by wt of binder) | (cm’/year) ST ¢ SIp. Cl, Cl,,.» S, SL, | Cl, Cl,,»
21 C1FAH30BABM10 28 130 1.77 13.65 73.446 | 9.523 0.014 0.105 X X X X
22 C1FAH30BAH10 28 120 1.70 15.52 70.588 | 7.734 0.014 0.129 X X X X
23 C1FAH30BAHMI10 28 114 1.51 14.13 75.497 | 8.068 0.013 0.124 X X X X
24 C1FAH30BAH30 28 124 1.04 3.26 119.231 | 38.048 | 0.008 0.026 X X X X
25 C1FAMM20LP10BAMM10 28 88 0.61 1.98 144262 | 44.465 | 0.007 0.022 X X X X
26 C1FAH20LP10BAH10 28 92 0.57 2.40 161.404 | 38372 | 0.006 0.026 X X X X
7 1 4 1
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