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Abstract

This research aimed to evaluate the long term chloride penetration of concrete under marine
environment from the Bulk diffusion test method. Fly ash concretes were cast by using fly ash from
Mea Moh power plant to partially replace Portland cement type I at percentages of 0, 15, 25, 35 and
50 by weight of binder. Water to binder ratios (W/B) were varied at 0.45, 0.55, and 0.65. (the same
mix proportions of concrete exposed to marine site for 12 years). The cylindrical specimen with
100-mm in diameter and 200-mm in height were cast for Bulk diffusion test at 35 days of curing. In
addition, water soluble chlorides in the concrete were measured after the concrete was exposed to
the tidal zone for 12 years. The results show that the chloride penetration of concrete from Bulk
diffusion test decrease with the increase of fly ash replacement of Portland cement type I, which is
the same trend of chloride diffusion coefficient of 12-year exposure in marine site. In addition,
when the W/B ratio of concrete was reduced, the decrease of chloride penetration in normal
concrete was higher than that of the fly ash concrete. The results of bulk diffusion test in this study
can be used to evaluate the chloride penetration of fly ash concrete under long term exposure in

marine environment.

Keywords: chloride penetration, marine environment, Bulk diffusion test method, fly ash
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p = ANUNTU (Porosity)
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gﬂ‘ﬁ 2.5 1AT0INAADY Rapid chloride penetration test

9y =2 o ana A
2.83 MINAAOUANNAINTD IUMITAUNMUMTUNINTUVOINAD 150 IneITRad
9y =2 o = ada A
MINATOUANNAINITA TUMIAUMUMSUNTNTUVINAD 15A lunounia laeds Aad
. . . 9 o o J .
(Colorimetric  technique) f?ﬂ3J1561%3ﬂizﬂﬂﬂ’31naﬂﬂlﬂdﬂ1illﬂiﬂéliﬁl‘llﬂ\‘lﬂaﬂ]l‘jﬂ (Chloride
. = 3 ax = o ¥ < =
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landasaaiilu Faneinaelsa (AgCh) Flidnyaziludu Fusnundnngiuduivdaiia
] a 14 = =< d Y K 1 a A [P=} =)
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ﬂgﬂiﬂWﬂLﬂﬂﬂluLLﬁﬂﬂﬂﬂﬁMﬂﬁ‘ﬂ 2.9 Uag 2.10

Ag +CI — AgCl (Tu1) (2.9)
Ag +OH — AgOH (aana) (2.10)
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2.8.5 MINATDUMIUNTATUVIAAD 156 187D Bulk diffusion test
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MINAFUANNAINITD IUNITAIUMUNITUNIATUYDIAAD 15A 1UABUNITA 1A8IT Bulk
. . 9 v ' Y 1 4
diffusion test (ASTM C1556) 15@79819NAADUNTINTEVONVNAIGUHIUGUINAI 75-100 WY, WU
A = A A % [l g/’ a 9 k) o ] dy 3
15218 60 V. LAzIAADUDNONFNVIVYBIRI081aNanNa Ha'ld 1 a1 ihasduasiuman 14
@ gl’ o w [ [ % I~ 19 % g}J 1
Ju nnmhdredanageutyluiula Wunar 28 71 namnuuusluasazare Ishsunao
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2.9 duiszanimsunivesnanlsn
o a £ 1 J . . . . I o 1 :
Fullszansmsunivosnae'lsd (Chloride diffusion coefficient) lundUNT At UAILI¥D
] [ o 9 o w 1 9 = a < = 1 ] 1
gasimsunsvesnas lsan llhduasieds Insead uneuniaaSuman Gedinadanuaooy
Y 9 a A [l P o 1Y ° ]
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Tsanaunismiaidulszansmsunsvesnas lsanniduniuaainsunsnduvoinas 159
(Chloride penetration profile) ﬁﬂwclclaflﬂg]mi UNIToNa0IvDINA (Fick’s second law) (Chalee, et al.,

4 o ] ]
2009 ; Thomas, et al., 2004) Hioaa1nausamulIn lddenazsias?
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Y Y o R = P A A A v
AITUVNVUAN Glfﬂi!ﬂiﬂﬁll@ﬂﬂﬁ%ﬂﬁﬂﬂﬂ‘%mmﬂaa]liﬂ1uﬂﬂuﬂimmmelumumaﬂumzm N3
d' d' L] 9 ] [ = ] = v a dg! 9 [
maaumlmﬂaa]liﬂﬂlu]lﬂagcluaﬂumzﬂlmmﬂmﬂWﬂmﬂNmEJ:) Ll@ﬂTﬂLﬂﬂmuqﬂﬁaTﬂaﬂng
Y L] 1 . . [ % . A A 9
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Fulszansmsunsveanans 15 (Chloride diffusion coefficient) uavdzianilu duilsz@nsnsunsn
=2 Jd . . . A [ a a( 1 rd
Fuvosnan l3a (Chloride penetration coefficient) Wiﬂﬁuﬂizﬁ“f‘ﬂ‘ﬁﬂﬁLLWiﬂiWﬂ;]ﬂJﬂQﬂaﬂhliﬂ
(Apparent diffusion coefficient)
[ a Q( = o Y 9 =]
ﬂ’liﬂ’lﬂ’lﬁmﬂi”ﬁﬂﬁﬂ’liuﬂiﬂcﬁmﬂlﬂﬂﬂa@]‘liﬂIﬂﬂelclflﬁuﬂi’W\lLLﬁﬂ\‘]ﬂ’lﬁlL‘VlﬁﬂclflleU’E—Nﬂa’f]

l5a Gmnﬂﬂgﬂmgwmwaawmw:ﬂ (Fick’s second law) (Crank, 1975) muﬁmiuﬁumw 2.11
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A = TR A o < = o d'
e D, Tugumsn 2.11 @uman ﬂW]EJ‘U‘ﬂ’Jhl‘]JSUENﬁZJﬂﬁ‘VI 2.11 U UNIITN 2.12

C..=C,[1—erf(

X
ﬁ)] (2.12)

A I @ =2 A ~ [ - A s
¥\)3) Cx’t :‘]_Eu'lﬂlﬂa@vlﬁﬂﬂﬁgﬂUﬂj']uaﬂ X l!ag33fJgna'ﬁ/]ﬂGUﬂiﬂﬁNNﬁﬂUlﬂa@ﬂaﬂqﬁﬂ t

a 9 G
X = J2YNNHINUIADUNIA (V)
A A v o w A S a o~
t = 33ﬂ$L3ﬁ1ﬂﬂ®uﬂﬁﬂﬁMWﬁﬂﬂ!ﬂﬁﬂﬂﬁﬂhlﬁﬂ AUN)
J 9 ’A a A X . =
C, = ﬂ’JHJL"’lJiJGlJWIJ’ENﬂafJMliﬂ‘I/IN’Jﬂﬂuﬂi@l (chloride concentration at concrete surface)
FLYLIQULY ¢
) a £ = I ' 2a A
DC = ﬁllllizﬁﬂ‘ﬁﬂ"li!,miﬂ“]fl]sllﬂﬂﬂﬁﬂhliﬂﬂizﬂznﬁ"llwt(iJiJ /AUIN)
d o (=Y
erf= WINFUAIMNANAA (Error function)

d v (=Y
WINFUAIWANAA

Z( 1) Z(2n+l) 2 23 ZS 7

Tag erf (z 75 4 e
(2)= 5 nl(2n+1) \/;( 3 10 42
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Funadeunzaliluna 2,3, 4 uag 59

® 2-year exposure A 3-year exposure
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-
o

o
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2-year regression,C,=3.4%, Cy = 5.0x10°® mmZ/s
3-year regression,C,=5.0%, Cq = 4.3x10°° mnt/s
--------- 4-year regression,C,=5.5%, Cg = 3.4x10°° mnt/s
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(%) uaussng 1

Silicon Dioxide, SiO, 21.52 35.12
Aluminum Oxide, 3.56 21.51
Iron Oxide, Fe,O, 4.51 17.71
Calcium Oxide, CaO 66.70 17.15
Magnesium Oxide, 1.06 -
Sodium Oxide, Na,O 0.10 0.69
Potassium Oxide, K,O 0.24 1.59
Sulfur Trioxide, SO, 2.11 2.13
Loss On Ignition, LOI 1.74 0.11

4.1.3 ﬂmﬁNﬁanfNiJ’mi’nJ

36

1 1 o 3 {q oK
NITINATDUNIAINIUDINIUNY ﬂTﬁ'@,ﬂ“?ﬂJlﬂ(’Uﬁ)\'ﬁJ’)ﬁi’)ﬂJ’l’iEJTULL’G%J’)’GTJZJQ%L%ﬂﬂﬁi%lu

AIUNTUADUATANHASIDIUTY AIA1T 19N 4.3

MR 4.3 ﬂmﬁuﬂ’ammmamu

Aaaulia 1IAIINALIDA WIDTINHE
Tugaaanuazoen 2.75 6.89
ANUAWTUNE 2.62 2.73

=2 Y

N1IAAYY (3980%) 0.91 0.45
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090 A
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§, 0.40 - 50%-fly ash, D, = 3.5x10° mm’/s
O 0.30 A
0.20 ~
0.10 ~
0.00 T T -
0 10 20 30 40 50 60
Distance from surface (mm)
(v) W/B=0.55
W cement type | @ 15%-fly ash A 25%-fly ash
L1204 0 35%-fly ash X 50%-fly ash
E % [1)8 i f— Cement concrete, D .= 15.0_)§10-5n21m2/s
2 0.90 4 — 15%-fly ash, D, = 13.5x10  mm’/s
S NN T 25%-fly ash, D, = 7.5x10" mm’/s
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Evaluation of long term chloride penetration in concrete under marine environment by

Bulk diffusion test method
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Abstract
This research aimed to evaluate the long term chloride penetration of concrete under marine environment
from the Bulk diffusion test method. Fly ash concretes were cast by using fly ash from Mea Moh power plant to
partially replace Portland cement type | at percentages of 0, 15, 25, 35 and 50 by weight of binder. Water to
binder ratios (W/B) were varied at 0.45, 0.55, and 0.65. (the same mix proportions of concrete exposed to marine
site for 12 years). The cylindrical specimen with 100-mm in diameter and 200-mm in height were cast for Bulk
diffusion test at 35 days of curing. In addition, water soluble chlorides in the concrete were measured after the

concrete was exposed to the tidal zone for 12 years. The results show that the chloride penetration of concrete
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from Bulk diffusion test decrease with the increase of fly ash replacement of Portland cement type |, which is the
same trend of chloride diffusion coefficient of 12-year exposure in marine site. In addition, when the W/B ratio of
concrete was reduced, the decrease of chloride penetration in normal concrete was higher than that of the fly ash
concrete. The results of bulk diffusion test in this study can be used to evaluate the chloride penetration of fly ash

concrete under long term exposure in marine environment.

Key words : chloride penetration / marine environment / Bulk diffusion test method / fly ash
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a’ 3 IS o
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Uszinni 1

Silicon Dioxide, SiO, 21.52 35.12
Aluminum Oxide, Al O, 3.56 21.51
Iron Oxide, Fe,O, 4.51 17.71
Calcium Oxide, CaO 66.70 17.15
Magnesium Oxide, MgO 1.06 -
Sodium Oxide, Na,O 0.10 0.69
Potassium Oxide, K,O 0.24 1.59
Sulfur Trioxide, SO, 2.1 213
Loss On Ignition, LOI 1.74 0.11
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