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Abstract : Recently, the corrosion of concrete structures has received great attention related with the deterioration of
sea-side structures, such as new airport, bridges, and nuclear power plants. In this regards, many studies have been
done on the chloride attack in concrete structures. However, those studies were confined mostly to the single deterio-
ration due to chloride only, although actual environment is rather of combined type. The purpose of the present study
is, therefore, to explore the influences of carbonation and freezing-thawing action to chloride attack in concrete struc-
tures. The test results indicate that the chloride penetration is more pronounced than the case of single chloride attack
when the carbonation process is combined with the chloride attack. It is supposed that the chloride ion concentration
of carbonation region is higher than the sound region because of the separation of fixed salts. Though the use of fly
ash pronounces the chloride ion concentration in surface, amounts of chloride ion penetration into deep region decreases
with the use of fly ash. The small reduction of relative dynamic elastic modulus induced from freezing-thawing in-
creases the chloride ion penetration depths much. The present study allows more realistic assessment of durability for
such concrete structures which are subjected to combined attacks of both chlorides and carbonation or freezing-thawing
but the future studies for combined environment will assure the precise assessment.
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Table 1, Chemical components of cement(%)

Cement Type | SiO; ALO; | Fe03 Ca0 MgO
Type 1 21.01 6.40 3.12 61.33 3.02
Type 5 2237 3.87 4.67 62.77 2.54
Fly ash 61.75 2397 4.81 341 0.82

Cement Type | NaO K,O SO F-CaO | Igloss
Type 1 0.12 0.78 2.14 1.12 1.61
Type 5 0.09 0.54 1.75 0.57 1.40
Fly ash 0.50 1.1 0.66 - 297

Cement Type | C5S S CsAF CA
Type 1 42 28 9 12
Type 5 53 24 14 2
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Table 2, Mixture proportions for test series

Test | Cement WB Cemen3t Fly asgl Water3 Fine age. C:;;SC
series | Type kef/m’ | kgt/m” | kgfim” | kgf/m kgf/m3
H

ool T |038] 450 | et | 1034
HL L1 lo3s| 360 | 90 | 171 | 609 | 1014
FA20 :

HS

ol V038 450 171 | 621 | 1034
HS 'y lo3s| 360 | 90 | 171 | 609 | 1014
FA20 :

NS

o] V|04 405 170 | 636 | 1058
HIFA00

\ [> Concrete strength ;
H : fck = 380 kgflem’
N : fek = 280 kgfiem’

[> Type of cement ;
1 : Ordinary portland cement
5 : Sulphate resistance portland cement

[> Amount of Fly ash ;
FA00 : Fly ash 00%
FA20 : Fly ash 20%

Fig. 1. Test series identification,
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Fig, 2. Chloride profiles for various mixtures under cyclic one—week in chloride solution and one—-week in carbonation(case of

acid soluble),

SHRIMBIEIX|, M22H M3, 20074

59



2 57489 AZHe) WeE Loty S8} 94
o 1677+ AAE B3 W3 g Aol o
8 2002} 2] SAEHA NG AT F T
ERPEDIEEEEE LT R

2 d7e) Aguss TANENS

g AejolA AlHE
Bo| wa} 4702 Atk Al AE 8x10x40cme
=712 2 vl g 2788 o] NBE AL
o ZAA}E 1 JEFXE ek £3, 239
E9 AseAAsE KS F 25309 @] o3
2733900, daole FAFZo)E 0.1 N AgNOs
Lolg Adwol BR3A ofFE ol 1AL T
ue & gPgol & Al Fo} stgA W4
o] HEZolE EAslo] T}

k<
I
3

lo o

{=M=]
T

Al
=

3.1. EtMSlof o2 4ol

Fig. 20l 5% QSIEF &9
T 10% £ @ilsE 1574 vk
A7) E AheA giacle AFE A=r) vE
gl od Fig 30 $Ug Al g 84 4
ol A% Axst eIt o] B9 FAAAZE
o] Z7to) e Fhole YRFE ANHez T
7hlRen, A5FEL WWHEE 2 784 g2l
o a3 AFeA BT JFARBHA UEsTh Fig
2 9 39 oJatd SAE Fo2 dholL JF
2o HIFAQ0 v o] 2971 Alzbe] A3t & ZHol
o we AFF 2 W =rt 7 2A vEa
2l.o.d, HSFA00 vigte] 7-$-= HIFA00 vighe] 73
S-of) wjg} Ajzko] Aol uhel 2em o}/Fe} ol
g d2ole AFH] AR gl A& ¢ T U
t}. NSFAQ0 il E-& HIFA00 2 HSFAOO wjgte]l v}
3 At e gol AFFe vl E AL &
& glom, o213 ATL o5 uig Alo]9] &-Al
dE H] ol ITHA] AX| GAT AAZIEE=
zpol7} A7) Wil e 2AFRIF A &
ol Hol7] WEQ Aoz wokgct g, S
oo AlE EQIT HIFA20 ¥ HSFA20 wishe] 4
= Zajo|ojAE EUFRA] B A 99} vl o)
9 ThE gAol2 AT AFS Hol1 glEd], NSFANO
o] 399} fASHAl Alzbo] Adol utel FrelA
lem o9 @ao) FFFo] FRA 1~2cm

3ee] gaole ol Wlal 27 vehtn glow

e
)5}
7%l o
3

&

o &

(% off D%

£ An ek g

60

2ok Fooloag BYHA e A4
48] FelAn 9ee & & Atk o]
g BT A4ole 2AE 247 3
Asie) e B40) EARA B B
o i geE e ehla Yok
Fig 4 5 Sl AGUELAEg 2
ol& Zzuds 1F AshtEs S4PAs
zRWNE HRE P9 drole zza
& HlE A7} Ve o 3% M2
T Aol AR, ol Mg B BAls
Bl daolee] AR WAL FE ot
= Rz Bera
3 5% Y NGNS AT A9
SRS e Feuth AT
fe=]

Fig. 4.
o
'T‘7}' l:a.-’l__ al:l
zolgo] Be A
[

2 e 4 b

it

4 ¢

]

oy

=
g ZaYE YRz IFd
& = Qltk E3, H5FA00 A9 7% 30
} AYE AR A Hold wE dholR
2ro] M3l7t gntsle] ¥ O RHE lem o

o £ ox
(9%)
Ln& N

o Hm o

o

(o)

Sole AFWUEL we AR B9l w3 da
o1& ol AL A2 &+ itk olAE BAES]

eals) AEE A9 AE 58429 Friedel @
S0z TAY FG5E o]Lo] AFEA Fo FEH
o] 43E o] FEU} ZoptE 71Ee A7
o} By Aoz gagnt? &, gzl Wy
ol wel gitale 9G] dE ol FE} Eo}
A= Aol Bate 4o vjgitst 99 Aol
QEE o)L FETu|7L AR el F3E oL
o] HjErakst o2 9] o]Fo] ERFo] uehats}
B Q3E oL ¥} 238 witsl B b
3 AAA HE Aol YehA 8 Ao= gddth

3, SejolojAlg EYF Fig 59 %45 A
Bl 2AeAks AR e dhole AT A
gko] ThFsA WS o £ gink

D 9 AgurE Age Ae : 0FAAE F
gholofA] E4lo] & Fiole AE AT WA}
%) AT 5037 de A FHAMEE lem
7t7)e] el ol FEE ul
2E 2em7} A 499 ¢
A B QA ¥ A9l

@ i3l 224% A
ol g AgukE A3
2| ¢pout 305 o4k @bt
el e Saahs A9 daol

9
73

Jounal of the KOSOS, Vol. 22, No. 3, 2007



ElAEl U E2gS] Halo] 238|E S

0.9
H1FA0O(free:NaCl-CO,) ! O Sweek

-z —— 15weecks
[~
So06 .~ 30weeks
[=3
® —~ BBweeks
€
D
c
8
o 0.3
2
5
ey
[+ I:Jl-ﬂ\l:‘\‘:’\':l

0
0 1 2 3 4 5
Depth from surface{cm)

(a) Type I, wic 38%, fly ash 0%

0.9
,. H5FA00(free:NaCl-CO,) - Bwed
E —— 15weeks
Sos | vk
M | Ooreds |
g
O
£
3
So03
2
b5
£
[&]

0
0 1 2 3 4 5

Depth from surface(cm)
(c) Type V, wic 38%, fly ash 0%

A0|R Ehol| 0lxl= 2

%8t oI

0.9

0.6

0.3

Chioride content(% of on'c wt.)

NSFAQO(free:NaCi-COz)

0 1

2

0.9
H1FA20(free:NaCl-CO,)
S
o0
c
o8
[=}
&
<
2
[=4
8
°03
bl
3
e
o
0
¢} 1 2 3 4 5
Depth from surface(cm)
(b) Type I, wic 38%, fly ash 20%
0.9
~ H5FA20(free:NaCl~CO5) ““—_._ 15
| | 30weeks
5 06 —3— B6wecks
2 0
2
§
[ =4
8
°o03
k=4
9
=4
s}
0
0 1 2 3 4 5
Depth from surface(cm)
(d) Type V, wic 38%, fly ash 20%
—— Lwecks |
—a— 30weeks
—¥%— 56weeks
3 4 5

Depth from surface(cm)
(e) Type V, wic 42%, fly ash 0%
Fig. 3. Chioride profiles for various mixtures under cyclic one—week in chioride solution and one-week in carbonation{case of

water soluble).

golefAg EQF F$ 2 wHE Yehdrk
- SFololA] FY odRo] B FAVNE
A9e HAR AolE BE AFND P A5
of v WEE AFHE dacle o FrlEd
zeolol g EUD ASlE SvAE 2
T P E R DS

BI=2otXstE|X|, M22A M[3%F, 2007

o] A F7heke] 5679 A i EHOEY
8 1~3em Alole] ol ¥t v g
2 BejololNE TS e A%l uls) oA
7 Vet

- geoloiNg YR AT BT A
W8 APE WAR B9 BYOENY lom HE
Zol9] Phole FEr} e GYANY Faole

(=)}
—



usw, WIE PNy 2 &

09
S |H5FAQO(total] ~° *weeks(NeClain
o L} sweeks(NaCl-carbonation)
[=
Sos
=]
k]
5
&
© 03
]
§ \—4
=
S D/D\G\D\—(‘
0

0 0.5 1 15 2

Depth from surface(cm)
(a) Type V, wic 38%, fly ash 0%(5weeks)

09

HS5FAO0O(total

06 —0— 28wecks(NaCl-air)
—DO 30weeks(NaCl-carbonation)

03

Chloride content(% of on'c wt.)

0 1 2 3 4

Depth from surface(cm)
(c) Type V, w/c 38%, fly ash 0%(30weeks)

0.9

£ H5FAQO(total
o
5
" 06 . —0— 12weeks(NaCl-air)
® —0 15weeks(NaCl-carbonation)
€
5}
€
S
© 03
®
hed
b
£
(]

0

0.0 0.5 1.0 1.5 20 25

Depth from surface(cm)
(b) Type V, wic 38%, fly ash 0%(15weeks)

e
©

=0 52wecks(NaCl-air)
~0- 56weeks(NaCl-carbonation)

H5FAQO(total)

=4
o

Chloride content{% of on'c wt.)
o
W

0 1 2 3 4 5

Depth from surface(cm)
(d) Type V, wic 38%, fly ash 0%(56weeks)

Fig. 4. Comparison of chloride profiles under cyclic one~week in chloride solution and one—week in carbonation with chloride
profiles under cyclic one~week in chloride solution and one—week in dry condition(case of acid soluble).

ST ge Ayl e FRsH e,

- BeololNE EYW Aol FIEE &
ol T T AFUE W) A9 P EQT A
Sl Wlsl ZaglE YRy diole FEIt uS
WA Ehe, Be 089S B A9
£ gaole FEA S ¥ 39S Ay Hio]
A gaole 57t 343 wolAAT FejololA
B CIEYR A9 BN Gaol FEE F4
# A2 & & Ak

1’3e] A2 R gilslgAy 2 SefojA]
9] EQlo] ETAYE F9 ol Fild A=
FEe FEL F 9ok
O SZEV @4t He 4 139 Friedel
F 59 FE2 A% TR 5oz s Wl
2o @xold gilo] S8, EHY ©@alks)
i @40l FEE Aoz v
Zglo|ojA & EYUT 2T ES] S BIA
HAl 22 AR A8 HEE HAFse 94

olgo] FA% gagrh T}, BatEe 9F 3
go] QI A olo] e T2 daole St
37} Al Bi% Falol Yehin ol Qs Wt
8 o] APF PR Aol FEE FAI
F7HTh ThE, daole BEVt A3 Sk
9 AU ARH Paole P& TeolojN g
EQBA e A5t umate] 27 gk,

32, SASsloll me Y20l SN MY

321 §2¢9 ¥ d20le A%Yol ws

B A7olME SAgs Be gaole Fu
YL ATE] 93l FBEHE 20041012 A
¥ AW R SRS NS 2L A o)
1657 5%2] ASIES o] FAT F ANOy
$4g olg3te] Faole IF Yol EHFY
T} Table 3 o= o]o] }2 AW AR Lhehtgle
o $23 S Be AHY B daole
%2017} o 40~70% FE F7he Aoz v
s

Joumnal of the KOSOS, Vol. 22, No. 3, 2007



BtMst 9 S5 Hdo| B3azlE

0.9
'.;; HS5FA20(total
o —_——
5 06 ~~— 12weeks(NaCl-air)
;CZ —O 15weeks(NaCl- carbonation)
5
c
8
S o3
O
b \
£
o

0

0.0 0.5 1.0 1.5 2.0 25

Depth from surface(cm)
(a) Type V, wic 38%, fly ash 0%(15weeks)

29| Y4012 &Mof| njkl= HE AT

09
’E‘- H5FA20(total)
5 08 ~O— 28weeks(NaCl-air)
;‘? ’ —0 30weeks(NaCl-carbonation)
z
8
[~
8
o3
2
8
=
(&)

0

0 1 2 3 4

Depth from surface{cm)
(b) Type V, wic 38%, fly ash 0%(30weeks)

0.9
7 |H5FA20(iotal) O 52weeks(NaCl-ain)
z —0 56weels(NaCl-carboratior)
©
S 08
[s]
bt
g
2
c
3
S 03
B4
9
L
Q

0
[} 1 2 3 4 5

Depth from surface{cm)
(c) Type V, wic 38%, fly ash 0%(56weeks)
Fig. 5. Comparison of chloride profiles under cyclic one—week in chioride solution and one—week carbonation with chloride
profiles under cyclic one—week in chioride solution and one—week in dry condition(case of acid soluble, using fly ash),

Table 3. Chloride penetration depth due to freezing thawing

action
. Chloride Penetration Depth(mm})
Test series N . N
Sound Specimen Freezing-Thawing
HIFA00 14.3 20.8 (86.4)
HIFA20 1.7 19.3 (71.7)
HS5FA00 15.8 223 (75.6)
H5FA20 1.5 20.3 (98.7)
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Table 4, Relative dynamic elastic modulus(%)

Kinds Water curing Immersion with NaCl solution

HI1FA00 72.51 83.89

HIFA20 94.23 71.28

H5FA00 96.01 72.39

H5FA20 75.69 90.70

Average 84.61 79.56
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