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Effects of Seawater on Chloride Penetration and Corrosion of Reinforcing Steel in Fly Ash Concretes
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Abstract

‘ In this study, effects of seawater on chloride penetration and
corrosion of reinforcing steel in fly ash concretes were investigated.
Portland cement type 1 and V were used to cast concrete. Original fly
ash was used to replace Portiand cement type I at the rate of 15, 25, 35
and 50 percent by weight of cementitious material. Water to
cementitious material ratio was kept constant as 0.65. Concretes were
cast and stee] bars of £ 12 mm with 50 mm length were embedded with
concrete cover thickness of 10, 20, 50,and 75 mm. Afier 28-day of
curing in water, they were tested for compressive strength and also were
placed on the seashore for wet-dry condition. Concretes were tested to
determine the corrosion of the embedded steel, chloride concentration,
and compressive strength afer being exposed to seawater in the wet-dry
condition for 36 months. The results showed that the corrosion of steel

increased as the chloride concentration in concrete increased. The

chloride concentration and corrosion of steel embedded in concrete in
marine environment were reduced as the increase of fly ash in concrete.
In addition, the compressive strength of fly ash concretes increased after
36 months immersing in seawater while the compressive strength of
concretes made from Portland cement type 1 and V were found to

decrease.
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Type of Mix Proportion of Concrete (kg/m’)
Coarse-
Concrete | Cement | Fly Ash | Sand Water
Aggregate
I 478 . 639 922 3
\ 478 - 639 922 3
1015 406 n 639 898 in
1025 359 119 639 881 k)
1035 in 167 639 864 3
1050 239 239 639 840 i
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Chemical Composition e
Cement] | CementV | Fly Ash

Silicon Dioxide, SiO, 20.80 21.52 44.95
Aluminum Oxide, AL,O, 5.50 3.56 23.70
Iron Oxide, Fe,0, 3.16 451 10.80
Calcium Oxide, CaO 64.97 66.70 13.80
Magnesium Oxide, MgO 1.06 1.20 347
Sodium Oxide, Na,0 0.08 0.10 0.07
Potassium Oxide, K,0 0.55 0.24 2.38
Sulfur Trioxide, SO, 2.96 2.11 131
Loss On Ignition, LOI 2.89 1.74 . 0.52
Tricalcium Silicate,C.S 56.50 71.60 -
Dicalcium Silicate, C,S 17.01 7.68 -
Tricalcium Aluminate, C,A 9.23 1.80 -
Tetracalcium
Aluminoferrite, C,AF e 17 )
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Type of Compressive Strength (ksc)
Concrete 28-day 36-month
I ‘ 290 230
\% 283 228
1015 199 200
1025 S 7185 217
1035 182 220
1050 166 178
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Chloride Content (% by Weight of Binder)
Type of
24-month 30-month 36-month
Concrete
15mm|20 mm |25 mm |30 mm | 15 mm | 20 mm | 25 mm | 30 mm | 15 mm | 20 mm | 25 mm | 30 mm | 35 mm | 40 mm | 45 mm

I 2.65 | 2.20 1.90 1.50 | 3.00 | 2.55 | 2.10 | 1.80 | 3.40 | 3.10 | 2.60 | 2.15 1.95 1.80 | 1.60
\Y 3.00 | 2.40 | 2.05 1.75 | 3.25 | 2.80 | 2.50 | 2.10 | 3.65 | 335 | 3.10 | 2.80 | 2.55 | 2.25 | 2.10
1015 240 | 1.85 1.30 | 0.80 | 2.80 | 2.15 1.60 | 1.00 | 3.40 | 2.80 | 2.00 125 | 0.80 | 0.50 | 0.20
1025 230 | 1.30 | 090 | 0.50 | 2.60 1.60 1,10 | 070 | 2.70 | 2.10 1.30 | 0.80 | 035 | 0.10 | 0.10
1035 1.60 | 0.60 | 0.40 | 0.20 | 2.00 1.10 | 040 | 0.20 | 2.25 1.50 | 0.80 | 035 | 0.15 | 0.10 | 0.10
1050 135 | 040 | 0.15 | 0.10 1.60 | 0.65 | 035 | 0.05 | 2.10 1.30 | 0.55 | 040 | 0.20 | 0.05 | 0.05

22



Amanssums stuISuuaswann 7 17 auft 2 na, 2549 RESEARCH AND DEVELOPMENT JOURNAL VOLUME 17 NO.2, 2006

Covering 20 mm,

B1 Nv Biois Biozs [Mioss Mioso

B Sv Biois Bios [Mioss Mioso

100

100 T
< |E -~
g 80 g o
& o &
£ @ T} : 40
- Z 20

0 = T
0
24-month 30-month 36-month
24-month 30-month 36-month
Covering 50 mm, Covering 75 mm,
Elr Nv Biois Bios Mioss Mioso E1 Sv Biois Bios [Mioss M ioso

100 100
o 80
g w S
§ 60 g 60
= &
T 4 T %
4 4
& 20 F§‘ & 20

o L= T E§_m_ ) L _N N

24-month 30-month 36-month 24-month 30-month 36-month

4 o a da a 4 4 : v
ztlr'l' 1 founziuiiveandniedufidandulunouninfiszumfunouninmeg idous humenanmidlunadunts

ple]




A

v oy o -y o o o
;Jn””\gﬂ'!’iﬂuufmmmzwmu'l 1N 17 aui 2 n.m, 2549
% Y 2 . 3 2 ois it Dy !

H.y
.

|

il

4> : ‘.

PaISII-%001
PaISLI-%001
PISII-%001
PISII-%001
PRISI-%001

<

v I 15%  25%  35%  50%
N ~
Fly Ash Concrete

10-mm covering depth

it 2(m)

v I Js%  25% 35 50%
~
Fly Ash Concrete
50-mm covering depth
i 2m)

d o -

v I 15% © 25%  35%  50%

LUME 17 NO.2, 2006
1 ¥

[

~"
Fly Ash Concrete
20-mm covering depth
iz

v ! J5% 5% 35%  50%
V’
Fly Ash Concrete
75-mm covering depth
2@

: - - o 4 g -
UM 2 ainlumanaduii luneuniafseduanudnmien dous lmimzaanmdonaduutudunn 36 idou

4. apwamananoy
J 1 - J. J LS
ninHamsAnuiiimsusnouniaiiiii we iy
14
0.65 Twmzia (ernmidonaduuda) Wuna 36 idou munse
o o
aq1Rd
d 4
1. pounind 1 uFnudledauaudisziandi 1 fuwaTiuida
aflumdnlunouni aunzfivSinumalsznounaeladifosnd
- o
pouniaf Sy udnndlofauauddsunnii v
4 d 4
2. nouninfiunufyudnuddofauauddszianii 1 fod
\J - J J ] - -
ddtuludTinainidu nuhmadandiulumdnuaslTn
# - A 4
vosmslsznounnolsdlunounimiliesnimimeanozanniaiy
YTnumsunui
dy 4
3. maumuiidadmiulufudnuddedaauddszanii 1 u

fandmdesns 35 uarso  MmimdnaTudaaindiniigg

d d g

nouninildudnuddeiaauddszaniic unz v fosndn
] o ' - " v v

Mo uamsunuiidrdiuiudedoons 50 dewaldddeda

- - .
AoUNIANAIAING

5. infinssndszmn

vovoununs fhihondauvistszinsine (nrn) 7
Wnsmivmyuyudmiunisnmioudrednnouniauaznis
naroy u¥aem 2 Tusnveamsfinn unzTsanowamude
s1mnd o w3319 fidoidoromilunsusirodrnounia
vovounm amznssumIganin moldTasamsiauioinsd
muiaunauitefnyinioludszima munawdosnisves
windoysm uazdninaunoaumivayumiite (wna.)
mu'lvﬁnnmiﬂ?tytyuonmmmﬁmn uonmm‘fvwouqm
mndnimnisuTom sminndomaTuTadnszeoundisuyi



- LAR. 3 J o J LY A
INTTUAIT KUUIVVHDTHAIUT UM 17 sfuin 2 w.a, 2549

- v da y ¢ A -
oz inndoysw fAldanuezaindmgunsel insesdouny

- va

Yo §uidAnis

~ 1oNI5919849

(1]

(2]

(3]

(4)

(5]

Thomas, M.D.A., 1996, “Chloride Thresholds in Marine
Concrete,” Cement and Concrete Research, Vol. 26, No. 4, pp.
513-519.

aofuinnmanimanzia uninedoysw, 2537,
“m:ﬂnmqmmmi’w?nwmuﬂmzmmzﬁ’uoon,” iguou
2537, w1 55.

Jaturapitakkul, C,, Kiattikomol, K., Siripanichgorn, A. and
Kunchong, T., 1999, “Strength Activity Index of Single Size
Fly Ash Mixed with Portland Cement Type I and Type IIL,"”
Proceedings of the Seventh East Asia-Pacific Conference on
Structural Engineering & Construction, August 2_7-28, 1999,
Japan, pp. 1396-1401.

Verbeck, George J., 1975, Mechanisms of Corrosion of Steel
in Concrete, Corrosion of Metals in Concrete, Publication SP-
49 American Concrete Institute, pp, 21-38.
Rasheeduzzafar, P., Ehtesham Hussain, S. and Al-Saadoun,
S.S.,, 1991, “Effect of Cement Composition on Chloride
Binding and Corrosion of Reinforcing Steel in Concrete,”

Cement and Concrete Research, Vol, 21, No. 5, pp. 779-794

25

RESEARCH AND DEVELOPMENT JOURNAL VOLUME 17 NO.2, 2006



