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ABSTRACT

The most common deteriorating processes of concrete structures are carbonation and chloride ion ingress. Many
concrete structures have been suffered from chloride ions diffusion or carbonation induced reinforcement corrosion
damage and many studies have been done on it. However, those studies were confined mostly to the single
deterioration of carbonation or chloride attack only, although actual environment is rather of combined conditions. In
case of many in-situ concrete structures, deterioration happened more for the case of combined attack than the
single case of carbonation or chloride attack.

In this paper, chloride profiles of carbonated concrete is predicted by considering two layer composite model, which
is based on Fick's 2nd law. From the experimental result on combined deterioration of chloride and carbonation, it
was examined that high chloride concentration was built up to 3~5mm over depth from carbonation depth. The
analytical modeling of chloride diffusion was suggested to depict the relative influence of the carbonation depth. The
diffusion coefficients of carbonation concrete and uncarbonated concrete with elapsed time were considered in this

modeling.
Keywords : chloride ion, carbonation, combined deterioration, service life prediction, Fick’s 2nd law

1.M B syt 1agy S8k gaole A5t Ak
Zgo] esle] ZAYE FzEo| AzEHA
delz CEB': u343le 2azeg] AA 2
=2 AWE ZH] 04%0)A 9 2AsE Zages

o g

Aze) ol Q3 Tu) BRI BaATE FEE
o) W Ak F48% gaoled datel WA

o ol AMAHOR g fushs Fa3 g9ow
DFE A, o $48ke Qrolee) HAFd o
& 2AYE] AeAsE AABHNN B 2e
3R 97t QiAdGE B Psla guzc e dst
A g A7 AEH] gon Byddsld ga a7
g =8 Aol & #Usd FRBME F2 3
STy 2 wagres A3k ty)elA FAske o
2ol &g EgAsr} wAshy TAR M FH7)d) A
e A deke v ARReA Fz B
gste] #7o] AatA Aok??

* Corresponding author
Tel : 02-2210-2955  Fax : (02-2214-2908
E-mail : yisconcrete@hotmail.com

902

02%Z "A% daole FRIME ¥3E fud
de= Aoz HuF ub gk

ojv] Suete} 7l AR Ae FAYE
Aol A8A ApdelA Brdslel] gk W74 A
AAsigon Heuole ol Qe
e SulelME ofd7kx] Bgtdslel) tig @4 7 2
olell gt FHH | 3t AT}t o]Fo)7
2o},



Start

1 }

L] Mix proportion of concrete

Input Material Parameters:

[ ] Carbonation depth
[ ] Chloride profile (based on present study)
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Estimation of Time Dependant Material Parameters:

[ ] Surface chloride concentration

[ ] Chloride diffusivity of (un)carbonated concrete

T

Estimation of Synergy Reaction by Combined Deterioration:

[ ] Future carbonation depth
L J Enrichment of chloride ion at carbonation front

[ ] Chloride binding of (un)carbonated concrete
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Input Environmental Parameters:

[ ] Exposure period

|

Using Current Input Parameters to Predict:

[ ] Future chloride profile

® Initiation time occurring reinforcement corrosion
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Fig. 1 Procedure of proposed prediction model on
combined deterioration
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Fig. 2 Schematic diagram of two composite system
to depict combined deterioration
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Table 1 Mix proportions of concrete

Unit weight (kg/m°)
W/C [Cement| Water | Sand | Gravel
OPC-45 0.45 411 185 706 1001
OPC-50 0.50 370 185 720 1021
OPC-55 0.55 336 185 732 1038

Spicemen

60

—— W, . .
/€ 0.45 # Carbonation

50 L —- W/C 0.50 | o Carbonation + 0.5M salt water
—a— W/C 0.55

40 |

0 100 200 300 400
Time (days)

Carboenation depth (mm)

Fig. 3 Carbonation depth of concrete under the
condition of combined deterioration
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Fig. 4 Total chloride profiles in concrete under combined deterioration
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Table 3 Time

dependent surface chiloride content(Cs)

Researcher Equation Notation
Uji et al'” -
— 1 C.(t)= 8/t (18) S : constant
Weyer et al
CEB" C,(t)= at’ (19) a, b : constant
Takeda et al®
Gy ¢ final chlo-

Kassir et al

22)
Arora et al

G0 =G (1—em*) (20)

ride content

Wee et al™

C,(t) = aezp(~ % ) @D | @, b : constant

Table 4 Constant for surface chloride build up

W/C ratio 0.45

0.50 0.55

B

0.2592

0.2733 0.2916

Table 5 Time dependent chloride diffusion coefficient

Researcher Equation Notation
t- ref. age (lyear)
Maa%e et tr = Dr~ Dcl at ¢
) D.(t)= DT(T ) (22) m: age factor

al™
Takeda™

(Mangat et al’®"

m = 0.6-25W/C

Barnfort?” | logDu(t)=— av/t+ b

(23) ab : constant

Dy/et chloride

Takewakd®™ | Da(t) = D,.Dit™™ (24) diffusivity with
W/C ratio
Kanayd®™ | Dat)=ae "+c¢ (25) a,b,c : constant

Table 6 Parameters of chloride diffusion for concrete

Carbonated concrete | Uncarbonated concrete
W/C ratio
Da m Da m
0.45 11.689 0.2997 2.387 0.2874
0.50 15191 0.4910 4114 0.3425
0.55 30.268 0.5650 6.564 0.3436
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Table 7 Structural propertiesag)

Bridge Site Elapsed time |Exposure condition

Sangseo Seohae 27 years Tidal zone

Jupo Sechae 25 years Tidal zone
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