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Abstract

In this study, a mathematical model for predicting chloride penetration in concrete
containing ground rice husk-bark ash (GRBA) in a marine environment is developed. The empirical
model was based on 2, 3, 5, 7, and 9-year investigation of concretes in a marine site. Multiple
regression analysis of the data was carried out by applying Fick’s second law of diffusion to
generate an empirical formula for predicting chloride concentration in concrete. Input variables are
W/B ratios (ranging from 0.45 to 0.65), GRBA contents (0 to 50%), distance from the concrete
surface, and exposure time (beyond 2 years). The output presents tﬁe totél chloride concentration (%
by weight of binder) at any position from the concrete surface. Model validation revealed that the
predicted chloride concentration levels were within a 330% error margin in the samples used to
generate the model. The predicted results in concrete with GRBA as high as 35% were more
accurate than the concrete with 50% GRBA. The model was also verified using data from previous

researches. Most predicted chloride concentration levels were within a 135% margin of error from

test results.

Keywords: Chloride penetration; Rice husk-bark ash; Prediction; Marine environment.
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Cathodic reaction:

4e +0,+2H,0 — 4(0H) (2.10)
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Fe' +2CI — FeCl, (2.11)
FeCl, + 2H,0 —> Fe(OH), + 2HCI (2.12)
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UAazoun (GRBA)

Silicon dioxide 20.80 87.0
Aluminum oxide 5.50 1.08
Iron oxide 3.16 2.58
Calcium oxide 64.97 1.25
Magnesium oxide 1.06 0.5
Sodium oxide 0.08 0.08
Potassium oxide 0.55 1.0
Sulfur trioxide 1.06 0.09
Loss on ignition 2.89 5.71
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10 - @ 2-year exposure A 3-year exposure M 5-year exposure

9 ¢ 7-year eposure X9-year exposure

g LN ——=—— 2-year regression,Co=4.0%, B = 0.769
5 \.\)K ———— 3-year regression,Co=5.0%, B = 0.760
E 71 0\\ --------- 5-year regression,Co=7.0%, 8 = 0.765
% 6 \‘."\$ \ ——————e 7-year regression, Co=8.1%,B =0.768
%n 5 “\\\- X  =====:9_year regression, Co=9.1%,p = 0.771
2 »
S .
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10 - @ 2-year exposure A3-year exposure B 5-year exposure
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8 M ¥ 2-year regression,Co=4.5%, p = 0.835
4 .4 \-9\ —— 3-year regression,Co=5.2%, B = 0.820
ETPRONN .
2 . N Tttt 5-year regression,Co=7.2%, B = 0.805
° 6 ‘!\ NN\ e 7-year regression, Co=8.5%,  =0.810
= AN
& 3 ‘\\\_\)K = === Q.year regression, Co=9.8%, p = 0.812
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10 - @ 2-year exposure A 3-year exposure R 5-year exposure
g 4 ®7-year eposure X 9-year exposure
\
o811 N\ —— 2-year regression,Co=3.0%, p = 0.787
‘§ 7 L\ x M —  3-year regression,Co=3.9%, B = 0.781
2 6 \\-\ 5-year regression,Co=6.7%, 8 = 0.783
_,_18 S \Q\'\. \ 2( ———— - 7-year regression, Co=7.5%, p =0.785
71 "N QN === 9-year regression, Co=9.2%, B = 0.780
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%B 5 ‘\\\ N Nt 9-year regression, C0=9.2%, B = 0.760
2 N
>
-
g
]

Distance from surface(mm)

£ H v W
@) aeunsanaudwnau-nlasn iuaaziBeadosas 50 Tasthminiagiszau

7171 4.1 mamen P uaz ¢, ludoyamsunsniuvenas lsd luasuniaiil W/B =045 uaz

weudnau-nldenldSesaz 0 1525 35 uaz 50 TasiminTaqilszaiu



CI (% by wieght of binder)

O = N W Ak L NN OO
P S TR SR PR

@2-year exposure A 3-year exposure W 5-year exposure
& 7-year eposure X 9-year exposure
-\\% = 2-year regression,Co=5.0%, p = 0.755
o\ ——— 3-year regression,C0o=6.3%, B = 0.749
NN N e 5-year regression,Co=9.1%, B = 0.763
“m \.\\ W T - 7-year regression, Co=10.8%,B =0.766
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2-year regression,Co=2.1%, B = 0.789
3-year regression,Co=2.9%, f3 = 0.788
N s 5-year regression,Co=6.1%, B = 0.789
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# 7-year eposure X 9-year exposure

2-year regression,Co=4.2%, p = 0.854

IN ——— 3-year regression,Co=5.4%, B = 0.825
N Ny e 5-year regression,Co=7.3%, B = 0.778
:\'\\Q \ —————— - 7-year regression, Co=8.1%, p =0.780
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13 - ®2-year exposure A 3-year exposure M 5-year exposure
12 4 & 7-year eposure X9-year exposure
11
10 | 2-year regression,Co=4.2%, B = 0.889
BN —  3-year regression,C0=5.4%, B = 0.855
o8 KN e 5-year regression,Co=7.3%, p = 0.760
; 7 \'\ N ————— - 7-year regression, Co=8.1%, B =0.760
S N _
.g 6 - ‘\'\_\ X e 9-year regression, C0=9.3%, 8 = 0.755
E 5
S
=3
S, |
1
0 . .
0 10 20 30 40 50 60 70 80
Distance from surface(mm)

¥ o/ Qo
() neunsanauduinav-ildenlfunaziBeaiosar 35 Tashminiaadssau

13  ®2-year exposure A 3-year exposure W 5-year exposure

12 4 @ 7-year eposure X 9-year exposure

11
=10 W 2-year regression,Co=3.1%, B = 0.765
=R —— 3-year regression,Co=5.2%, B = 0.721

) 25 _‘ --------- 5-year regression,Co=6.1%, p = 0.750
; 7N —————— - T-year regression, Co=6.5%, § =0.745
2 —T\%\ === === O.year regression, Co=6.9%, p = 0.735
z NS
=
£
g
]
0 10 20 30 40 50 60 70 80
Distance from surface(mm)

¥
@) neunsanaudwnav-nden liunaziBeaiosas 50 Tasvimiintaqlseaw

H ' ol T
710 42 msma B uaz ¢, Tudeyanisunsnduvesnas lsdlunoundafill w/B = 0.65 uaz

H ‘o
weudwnau-nlden f¥esaz 0 1525 35 uaz 50 Tamihminiagilszanu




40

a131e0 4.1 duszans B

Futlszans B
AAIUNAY udthvea | ugthmen | wddwen | wgtmee | addmee | owde
23 37 37 37 91
145 0.769 0.769 0.765 0.769 0.771 0.767
I45GRBAIS 0.835 0.820 0.805 0.81 0.812 0.820
145GRBA25 0.831 0.822 0.810 0.822 0.799 0.815
145GRBA35 0.787 0.787 0.787 0.785 0.780 0.783
145GRBA 50 0.771 0.751 0.765 0.769 0.780 0.763
165 0.755 0.749 0.763 0.766 0.769 0.760
IA5GRBA35 0.787 0.785 0.799 0.785 0.780 0.789
165GRBA25 0.854 0.825 0.778 0.780 0.785 0.804
I165GRBA35 0.789 0.855 0.760 0.760 0.755 0.784
I65GRBA 50 0.769 0.721 0.750 0.735 0.735 0.743

a Y Y dla ~
AT 19N 4.2 ﬂ'J']llL‘UlJ‘Uu‘Uﬂ\'iﬂﬁﬂvliﬂVIN'Jﬂﬂuﬂiﬂ

anududuvesnaslsanmnounia, C, y
(% Tﬂﬂﬁmﬁnfﬁﬂﬂi:mu) Ao G,
Uy with | uehir | ndvh | wih | wid | udih | wad | udeh | uid | ashd
N | wia | vsm | e | wzm | nsim | vz | vz | nzm | v
23 | 21 | s | 71 | 2% 21 | 3% | 21 | 71 | 9%
145 4.0 5.0 7.0 8.1 9.1
I145GRBA15 45 52 72 8.5 9.8
145GRBA25 43 49 6.4 75 8.3 3.7 3.7 3.7 3.7 3.7
145GRBA35 3.0 39 6.7 75 9.2
145GRBA 50 2.9 4.1 6.6 8.1 9.0
145 5.0 63 9.1 | 108 | 123
165GRBA15 2.1 2.9 6.1 7.1 8.2
I65GRBA25 42 54 73 8.1 9.3 3.7 3.7 3.7 3.7 8.1
I65GRBA35 5.2 6.3 73 8.1 9.0
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Abstract

In this study, a mathematical model for predicting chloride penetration into concrete containing ground rice
husk-bark ash (GRBA) in a marine environment was developed. The empirical model was basedon 2, 3, 5, 7,
and 9-year investigation of concretes in a marine site. Multiple regression analysis of the data was carried out by
applying Fick’s second law of diffusion to generate an empirical formula for predicting chloride concentration
into concrete. Input variables were W/B ratios (ranging from 0.45 to 0.65), GRBA contents (0 to 50%), distance
from the concrete surface, and exposure time (beyond 2 years). The output was the total chloride concentration
(% by weight of binder) at any position from the concrete surface. Model validation revealed that the predicted
chloride concentration levels were within a £30% error margin in the samples used to generate the model. The
predicted results in concrete with less than 35% GRBA were more accurate than the concrete with 50% GRBA.
The model was also verified using data from previous researches. Most predicted chloride concentration levels

were within a £35% margin of error from test results.

Keywords: Chloride Penetration, Rice Husk-bark Ash, Prediction, Marine Environment
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