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Evaluation of Long Term Chloride Penetration in Concrete under Marine Environment
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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 Mae 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 (concrete specimens were exposed to 2.8 M of NaCl concentration for 35 days). 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 |, 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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NINTGA AINND 4(n) Auanen13An Dy uaw C, taaldannisy (2) Tudieyanisunsnidnaesnasladlunaunin
Ao , S 4 e ~ ax . . ' Vo s S = -
nianIdauinsiedanlezaiu 0.65 Annaaulagds Bulk diffusion test daudrdnisz@nanisunandnaesnaslss
Tupeunsanudnimziaiiungt 12 T mliludneoimaatu (nil 4(n) Taaunuan D, foe D, wazdiusn D,
luannish (2) Winsavlaenpdesivdeyanisunninaesnaslsflunauniaiuduimzia Tnan19199 3 uanaen

AulszAvinsunsndnaesnanalas lupaunininagaulneds Bulk diffusion test kasiudtinnziailunal 12 U

-
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O cement type | 4 15%-fly ash @ 25%-fly ash ¢ 35%-fly ash > 50%-fly ash
1
T 110 4 3 5
*@ 10 4/ TTTm==- Cement concrete, D= 15.0x10 me /s
2 09 | 15%-fly ash, Do = 13.5x10° mm’/s
O .
RS ~ srmmemmmmnes 25%-ly ash, Dy, = 7.5x10° mm?/s
O o —3 N
o 060 | —— —  35%-fly ash, D, =5.8x10° mm’/s
= 050 + 50%-fly ash, D, = 5.0x10° mm?/s
==
& 040 1
e 030
T 020 4 =4
R = _
0.00 T T T | ------ — } 1
0 10 20 30 a0 50 60
Distance from concrete surface (mm)

n) NTUNINTHIBIARD baA lupaURTAAN W/B = 0.65 Nnagaulneas Bulk diffusion test

m cementtype | @ 15%-flyash A 25%-flyash O 35%-fly ash
2.0 4
= 18 1 Cement concrete, D_ = 6.10x10° mm?/s
e 10 15%-fly ash, D, = 2.25x10° mm?/s
sht4 N\ ------m--- 25%-fly ash, D_ = 1.51x10°® mm?/s
%) 1€ 7 — == — 35%-fly ash, D_ = 1.19x10°® mm?/s
10 Ng
208
X06 -
S04
02 |
0.0
0 20 40 60 80 100
Distance from surface(mm)

) N13UNTNTNLRIAAD 195 MARUATANN W/B = 0.55 naaudtinnga 12 1

i 4 nmamedudss@nsnisunsndnuesnaalafaindeyanisunsndnaasnas lad lupaunin
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5115199 3 dndss@naniaunsninuesnaeladluneunsanaaeuineds Bulk diffusion test ( Dgg) WATHAILTHNELA

\hwaan 127 (D)

Al fulszAviannaunsnduaesnaelss (uaAundl)
Deg x10° D, x10°
145 82.00 3.45
|45FA15 53.00 1 51
|45FA25 40.00 1 o3
|45FA35 35.00 0.93
145FA50 25 00 5o
155 105.00 6.10
I55FA15 75 00 -
I55FA25 65.00 1 51
I55FA35 52.00 119
I55FA50 35.00 0.63
165 150.00 712
I65FA15 135.00 553
I65FA25 7500 ) 05
I65FA35 58.00 7
I65FAS0 50.00 119

NALBILANINURUARANUSEANENISUNTNTNUDIARD LsANNARaULALAE Bulk diffusion test WAz

Wz 121

=

\efiansandudsz@nnisunsnintesaaelsfnaasulngds Bulk diffusion test (D, ) luAaumIATINANLEN
dnuiiu Nddnsdsuinsedanlszaumindu 0.45 0.55 way 0.65 Lauiuduilsz@nsnisunsnduansnaslas iy
= o 1 QI v | a o/ dl 1 Y v 1 a dl = 6 e &
paursn wasutdluduandennziadunan 12 T (p,) Aannd 5 wudn nslfiinduiiuunuinyuiimuileSnuaus
dszinnint TuBunuingeau daualiiduilsrdninisunsnanassnanled lunaunsninaasulneds Bulk diffusion test
Fuunliinanas wariBAnfeTUdNs2anN13uNINTLIIAAD 136 MIADUNTANAILT LANTNWIARDNNZLA 12 T
dl Gl dl % 1 a dl dﬂl aaa a 3 % = = =3 oy
\WasannaeunanNaNintwinluin gl Uimanderlsamluscaranalnain Wireumsaiaauiium way
AnERIINNTUNINTNLR9ARe leFuadut uRuandeannziailunan 12 T 18 (Chindaprasirt et al., 2005 ; Chalee et al.,
2009) NsNdNENENUTARAN130ansRIIN TN INTENTenae lemdn U luereunsn liesnedaan Tnanisunuiidnany
al g | £ al o d‘ v @ 1
Hananasiuwua b lun1wnea iy aewanaliiugn nismadeulu

nluBuiungaawinli D, way D,

v laem > JER Y A o 3 v o
Vel iiRnag (sravdl) uaznanaaeuluniaaunnilugwindenass (sarenn) Ananaaeuigenndedi lnaay

1

Winldian D, Huwaliiumaaiu D, wsdAgandrAeudnamin Wesanaisazanapaalssnlfudsatieneuninlagis
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Bulk diffusion test HAauidindingede 2.8 Tuand uazgandianudinduasansenaslsdluimeanuddaedamaasy
TunpguNAi A Ndindvaespaalssilszanns 0.50 Tang (Chalee et al., 2010) A9daNalHEATINITUNINTNLR
r-:lla/ o a : =2 '3 1 1 n:i 1 u” 1 o aa
raalafndnlugldudscdninisunandnasnaalsdgendinguiuglutinziaetnednan Inan1meaauis Bulk
diffusion test MudNszAnBnisunsndnaesnanlss aunsnifudayaiiiasfiulunisiatsunduilsz@nsnisunsniu

paaladluszazenanalfidauanfennsia anuanaaay Bulk diffusion test 71a1g 35 31 1

12 12
x u?(3
a 10 - 10 %
€ o . 3
a)
:8 g & Bulk ClI diffusion coefficient g e
5 & 5
8 26 6 9O _|
c = 5 2
e Foa a4 8 E
2 o ®. c g
= = " .2
S 2 2 2
. E
© )
e 0 & L0 5
N 0 15 25 35 50 =
Fly ash replacement (%) @
n)  ansdiuiisiedansaiu windu 0.45
12 - 12
8} _ ‘O
10 . _Bulk Cl diffusion coefficient 107

12-year CI diffusion coefficient (D
10° mm?/s)
fY =
| ‘
|
|
p=Y (=

Bulk CI diffusion coefficient (D, x
mm?/s)

]
hd
]

0 15 25 35 50

Fly ash replacement (%)

7)  dnsdruisedantszaiu winu 0.55

-
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x 16 16 .
g — Bulk CI diffusion coefficient 10 <
— X
= \\ o
2 12 \ 12
g 10 105
O « \ O
c £ 8 8 £
S E ™ \ TR
E o 6 \. 6 8 g
5 Ty .4 12-year CI diffusion coefficient g o
> S - e 25
T ¢
S 0 9

0 15 25 35 50 Z

Fly ash replacement (%)
A)  ansdautiedanlsraiy winiu 0.65
2l 5 uaredindnuliuseduilsz@nanisunsndnaenaslsfnnaseulneds Bulk diffusion test(Dy,)

AudnseAvaniaunandnzesase lsdlurauninudsut luGuandeunzaiunan 121 (p, )

msdsziiunisunsndnwasnaalsalunauninszazansanuanagau Bulk diffusion test
nsdsuiiiuanduilsz@vsnisunandsvesrselsd lwpaunanudlutmaailung 12 1 anuanaaeulngds
Bulk diffusion test aAnunsnilsziiugmuantifiuanAmuaetaeunanluszazan aAnuanimaseuszasduly
PaumIATNANENauALTasas 0 15 25 35 uaz 50 taatumindanlsvau NRdnsdoutsadanlszaiumint 0.45
o P P a e a . . ¥ o & ' o5 -
0.55 uaz 0.65 A 6 Taelinannismaziidannnes (regression analysis) i nduiussendedulszang
nsunsnduvednae lsfnnaaeulngds Bulk diffusion test (D.,) fudNdsrAnsnisunsninzespanlsflunaunind

wilugauwandeunziailungn 121 (D) Tugluiuaunisi@adu (inear equation) AsaNNIN (3) 19 (7)

D, =0.496D,, —0.021 (ARUMIAEITNAN) (3)
D, =0.108 D, +1.150 (raunIpNaNIntduiEasay 15) (4)
D, =0.321D, —0.173 (raumsARaNLENTIuAWSa Az 25) (5)
D, =0.298 D, —0.165 (raumsARaNLENTduAWSatas 35) (6)
D, =0.287 Dy, —0.284 (raumTARaNLENIuRAWSatas 50) (7)

Wa D, = AuilsrAvisnnsunsninaesaan lsd luaaunaudud ludsaniannzia
Wunan 121 (x 10° 9’/ 3ui)
o a o = ool ~al . .
D, = duise@vBnnsunsndnuesnas lssinnaaauingds Bulk diffusion test

(x 10" 1¥”/ 3u#)
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N@ 1‘518 7| = cement concrete ¢ 15% fly ash x 25% fly ash a 35% fly ash o 50% fly ash
IS U

£ 130 - 2

s o Dc = 0.496D - 0.021 ; Cement concrete (R°=0.82)

- 7| Dc=0.108Dgg + 1.150 ; 15 %-fly ash (R?=0.76)

c

Dc = 0.321D - 0.173 ; 25 %-fly ash (R*=0.71)
Dc = 0.298D - 0.165 ; 35 %-fly ash (R=0.80)
Dc = 0.287D - 0.284 ; 50 %-fly ash (R*=0.95)

_\_\_\

N w koo N®OOoO =N

OO0 o000 o0o0o0 oo
1

12-year Cl diffusion coefficient (D

] n
| =

10 X

OO T T T T T - 1 T 1
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

Bulk CI diffusion coefficient (D, x 10° mm?/s)

MW 6 pnudliusssndedNlss@nnisunanineesnas lad luaeumaniudiimzaiiluean 12T D, Au

Autlsr@vsnisunsninaesnanlsinnaasulngds Bulk diffusion test ( Dgg )

#gUnan15IAE

nan1sAnenagi1aasi

' v
I =

1. naldnduiuununyuinuddeianaulszinni 1 lulBunungeau A duilses@nsnisunsnanves
panlssnnannaaulneds Bulk diffusion test HuualiinanasuasifiAniauneaiuAdulsc@nanisunands
a o 1 = o” @ =
109na9 b3 Tunaunan udtudaeursnluiimziadunan 121
o .

= I e o . o = ool s ) .
ARUNTANH m’lmuu’]mm@@ﬂi:mumqm Z\NN@I‘Viﬂqﬁ‘LWﬁﬂsﬁNﬂlﬂﬂﬂ@@i?ﬁmmﬂ@@utﬂﬂqﬁ Bulk diffusion

'
= 1

test uaziugluimziaiiiuina 12 1 anas lnanisanasresdnadiunisadanlszaiu Anasenisan
1Bu1uAae 198 L UARUATAGIINANNINNINABUATAN AN EN N 1T

v v rd‘ = % a 1 1 a ; = = 1 o
AN duresnaalsfnAaunTndula Nuarer1dnlssdninisunsndntesnaalsn luaauninasatnian
nedulscAninnsunananuesnan lafntldannnimagauingds Bulk diffusion test (FaetinemaunmuT 1l
ansazanslanonnaaladifindu 2.8 Tuang) dergendnduisz@nannsunsniuaesnsalsflunauniaiugly
D’l OEI = ¥ 3 3 6 1 v
e (Hnzaianudinivaesasararaaaelsflszunns 0.50 Twand) Aeudnemnn
o = o & A o a = = a ~
fayaannisAneafal annsnilsuluduisc&annsunsninaenan 196 lUABUNTATITNATLAZADUNIG
a Y 1 oa v e o \ & & =
Puaninauiiuesas 15 25 35 uay 50 Iaghwindanlseay wasanualumziailuna 12 1 anua

ANINAFBLNITUNINTHUDIAAD l3e lupaunIRNNAdaLlneds Bulk diffusion test 1#
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