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Service Life Prediction of R.C. Structures Considering Chloride Binding
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Abstract

Chloride-induced corrosion of steel bars in concrete exposed to marine environments has become one of the major causes of
deterioration in many important facilities made of reinforced concrete. A study on chloride penetration in concrete has developed
through long period exposure test along seawater, assesment of chloride ion diffusion by electrochemical techniques and so on.
However, reasonable and exclusive chloride penetration model considering concrete material properties with mixture, degree of
hydration, binding capacity has not been established. Therefore, in this paper, chloride penetration analysis of non-steady state is
accomplished with material properties of concrete. Comparing with the results of analysis and chloride ponding test, we could
accept the effect of binding capacity on chloride penetration in concrete and these results could be applied to a service life pre-
diction of R.C. structures submerged in seawater. Therefore, there are 20~40% differences of service life to SHRP prediction.

key words : Chloride penetration, Binding model, Non-steady state analysis, Chloride ponding test, Service life prediction

= TZE Hit F2& opIshy o whE 4713k Ul Askel
S| 725 S AN A E2FEE F9] d3kE AT EAS e A wic) A Z2 A A
o3k FrAIG L ol oJ8) x&2 Q) WS o]Foigkon} FavlEe] wiE, 43k, gsked, ¥
59 ATH EAS v#3 o Holn EHEHQ dIlE AT Tdlo] I ATe BT Aol wEh B AeMe
AU dIE HA) S S 2] d3kE 1As 5AS voslal ol 1Edl ddkE AE mdEA v g
Qe HEF M I skdxEgs)e] AEEIYE FREY YT o=
T4 zlolE B
M0 : J3lE T, 1As 2, vA A e, J3tE 1A 2, U

2 o] thgk A mESE Algst ABolnheldS F, 2000)

& 25 gt Wl g A
A71sfEAR1 21 AlFel| w
E SIS w7l ofs] AEAHRD WS o]Fo] sith
(Andrade, 1993 ; 39 5, 2001) 18y 7] Z2A)Y
9] 749 AUAIA B& Ate] AQFH EZAFe] A% &
2 837 A SAEFe] Aol o QI3 A8 tha

—_
-

A7} ATh(Grace, 1991 ; Mackechine, 1997) wehx X
ATME ARE DG5S Qs YA dskE A5 =Y
7 3| AR EeAe] ke HFE SAS Tofsie] ols
ZAZE U5 dSl A8staiat st

4 Azl o3t e Wyl A F )
A9] FEoF EHT F Aok FA, Algbel| E FABE
F9 d3lE HF E£=E AHgske Aola, A4, R4
TWAE o Tshe Al fskERl digh AEsloltt. dA) o
A G3E vig dvhe 2agES] uigy 9187500
w} oF 0.15~0.2%] AHE Azgfn] 4598182 3-8
zh=thal B3 Utk (Perez, 2000) £ AFoME A
sl Oist == FF IAEA =2= sl &

FE F9 AEle AT Sk A =3 Y o

st F3d] g B& g stat w4 (LA A AF)(E-mail : csll@uos.ac kr)



A Wes RIA Faz|ee] uish, A 7L, K
Bl mE FAT|ES ‘:, =,
JEE d3ke s WEd

rlo
k1
o
BN
N
BN
i\llj
>

Ficke) 2840] A8si8m olol T WA Aele] st
A% APFINE L S19S ol SISkl T

AT 2 A1) 2
g S|} FB) T UIE A0l 2 =8

2. i

2.1 232|E =9| ¥sI=2 &E HFAHLS
ZAYEES HIES o3 vjAlRe] B4 o)F WAUESS
ANe2 543 @3z sl 2. 5 AR =
31793} ¥ (binding capacity), ¥= 70| W2 HFA
(permeability), 123l &%, 4™, =], B2 olFsH
|
3

I} ol w} gt AT vAUSS 2 HY 2 Al

A ol Sl mhe dshEe) ofsol 2He BFIA §
.
e WA B ole SR Aol o) Uol}

™ Fick®] A 19122 =} (Bazant, 1971)
Jy=-D-V(C) (M

AegnzE BHoM Ficke] A2y &) d3lE Skl
ek a2 42)9) 2ok
aC

— = —divJ,) )

21y 2@el visrd

aCt_ .
= =~div[D-V(Cp] ©)

SHoR sl Bl e ApPgAe 23] =
ol ATHY HAE = CoF AFEE T (7 &
wHo] glouz o] 5 Hpsle] WAES 4ok 2ol e
Eis=g

Ci= Wy Cf+ Cs (4)

H@E AQPl Hdsid A6k 22 HY
s &= 7 Arh(Saetta, 1993)

9 Ficke] 24
i SRS . )
L= an[D,V(C)] (5)

AN D= 27 QskE BaAsEA A6 dskE
14318 Wl SVl B ATOINE Table 13+ B
& YA 148l male AlgE.

16

Table 1 Chloride binding isotherm model
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Fig. 1 Determination of chloride diffusion coefficient
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Table 2. Selected mixture proportion factors, ranges, and code
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Table 3 Chemical composition and physical properties of cement
Item Chemical composition (%) - . Specific surface
- Specific gravity 2
Type Si0, ALO; Fe,05 Ca0 MgO SO, Ig loss (cm?/g)
OPC 21.8 5.8 3.56 60.6 3.54 2.6 1.0 3.14 3,422
BS 25.0 11.0 2.0 53.1 4.6 22 1.1 2.79 3.825
FA 68.0 25.0 29 2.0 0.9 - 3.5 2.29 4,546
SF 94.0 0.9 1.3 - 0.1 - - 221 20,800




Table 4 Physical properties of aggregate

Item . . . Organic Unit weight
Age. Gmax (mm) Specific gravity | Absorption (%) FM impurities (ke/m’)
Fine agg. - 2.59 1.50 2.50 good 1,620
Coarse agg. 25 2.74 0.90 7.20 - 1,734
Table 5 Mix proportion of concrete
Items| Gmax | Slump Air W/B Sla Unit weight (kg/m’) AE Ad | SP Ad.
Type (mm) (cm) (%) (%) (%) W C S G (Cx:%) | (Cx:%)
OPC-45 25 1242 4.5+1 45 42 171 380 697 1012 0.02 -
OPC-50 25 1242 4.5+1 50 42 190 380 677 983 0.02 -
OPC-55 25 1242 4.5+1 55 42 209 380 657 954 0.02 -
FC10-42 25 1242 4.5+1 40 42 160 342 705 1204 0.02 0.69
BC40-42 25 12+£2 4.5+1 40 42 160 228 704 1022 0.02 0.67
SC5-45 25 1242 4.5+1 45 42 171 361 694 1009 0.023 0.47
S5B40C-45 25 1242 4.5+1 45 42 171 209 689 1001 0.023 0.39
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Fig. 2. Water permeable porosity by concrete
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Fig. 3. Binding isotherm by chloride ponding test

Table 6 Used binding constants
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Table 7 Parameters used in F.E.M. of chloride diffusion in

seawater concrete

Items £ U/R W Binding constant
Type (deg K) Langmuir | Freundlich

OPC-45 0.115

OPC-50 0.123

OPC-55 0.131

FC10-42 | 0.7 | 3000 | 0.093 gg:gg g&-gg
BC40-42 0.089

SC5-45 0.091
S5B40-45 0.087
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Table 8 Service life prediction according to chloride binding

Cer No binding model Langmuir model Freundlich model
Type 0.15% 0.20% 0.15% 0.20% 0.15% 0.20%
OPC-45 33 49 46 64 46 64
OPC-50 31 42 38 52 38 52
OPC-55 26 36 33 44 33 44
FC10-42 56 90 73 111 73 111
BC40-42 97 162 118 196 118 196
SC5-45 56 86 72 106 72 106
S5B40C-45 125 212 166 254 166 254
Q= year(H)Y.
ot2 DMSIE 1St H2 E32|E P29 7Y oS 19
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Fig. 10. Free chloride concentration with time(OPC-55)
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