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Service life evaluation in RC structure near to sea shore through accelerated

chloride diffusion test

Jeong-Su Kim', Seung-Jun Kwon”*

Abstract: In order to evaluate service life of RC (Reinforced Concrete) structures exposed to chloride attack, chloride penetration analysis is required

referred to the chloride diffusion coefficient from the actual mix proportions. In this work, accelerated diffusion coefficients are obtained from NT BUILD
492 and ASTM C 1202 and the related apparent diffusion coefficients are derived via the previously proposed relationship for RC structures near to

sea shore. Considering the properties of the mix proportions and the most conservative analysis conditions like critical and surface chloride contents,
service lifes in column and exterior wall member are evaluated through conventional program LIFE 365 ver.2. The different built-up period of 10 and

15 years has no significant effect on service life. The results from mix proportions with slag show longer than 75 years of service life with the help of

higher time dependent parameter and lower initial diffusion coefficient.
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sjot7le] nidtiol =EH ZIYE FXE-S FF0] oY
Cgte &3 Ahae) vl o] 42 E WRE FYE+e
AslE o]Lo =z Qlaf Hajo] WAETHLee et al, 2017,
Broomfield, 2006). W0l T E F-21-2 Z7]ofl= 7212 9]
U5 Z7F A SR RH Chung et al., 2008), £]2 £24o] Al
2] 3 Halgke] Zrlo) whet HE o] A, 3 & Z32 E9
Hgto 2 ZdE) o33 daldde HFZ o= U]
Aslol| M F2EL] b9 AstE AFHTh

B2 AToNA UFrHE-ES A o2 Friste e A=t
Hojgtom, ol 724 A dAS B EAsaL
o} 93lE o] 4t of o i o] 5-& EEte] WA ¢
SHE flux EE-S APl AIEY F3kE = dskE S 1
sk A Alel A= A F3kE W7t 7 s skA T
Zgo] o], A7 AFA e} ao] 7} WA sh= 7 o]
Th(Ishida et al., 2007; Song and Kwon, 2009; Maekawa et al.,
2003). =gk o] 2 7t A3y & v fste] 1A H HsES AL
Aok 7t A Eojof sk, a4 Al AZke]EA LA

17939, B4 71 EATA HAATY, TS

45)9), Fhaoieta AU 2Rl g, s
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B =l Ulg 21520193 102 19714 83 2 HulFAIE 20193 11
450 EE2AHE AA ST

o] FET AV He Ao2 4eA ATHO and Jang,
2007; Tang and Nilsson, 1993).

A4 el S 7H4 3 Fick's 2nd LawE 7|HEC 2 3k x| ufji}t
Ao A= o] si(HEHEHE 7IeoE A4S TSR
2 Ago] tdsit), =3 WA A 1 B} H A
A 1EE ¢ A0 B E APEA 9 B 7] Sl A Bel o
Fo]2 3. QTHISCE, 2007; Thomas and Bamforth, 1999;
ACL, 2008). &2 A 7de o] 7H8, 85 9 5 Hslol| m
E Y H¥tg T oA = sfAd sl of E oy} BAIRE HA}
=23 A 58 aLEste] AR QI R o= A E o
7}aL ITH(Nilsson et al., 1997). ©]# ¢t HHE o] 2]l A 2+ <
PRI EFA, AT, dADsHE & 55 FEVMTE
TSt FaUTrEEe Bk 543 ghol AA #e
A Z3tes fdte GEEZQ AA WY (Probabilistic
method)©] & Zell= Bo] AHEH L QLo H, TheFRE Al E31H4]
S Tt A8Re7E FiEal ltBentz, 2003;
DuraCrete Final Report, 2000; Pack et al., 2010; CEN, 2000).
X1 dsls AT -2 ARl AR A71H s
stod o] FoR B R HR 7] AT RIE 2 3he YERA
% o] Fick's 2nd Lawoll 21 8% 73, W& 4%
7FsHA Ett.

H ATolAE dA gl = gl skl AlsEar Q)
= ZAYE F2E9 &9 =& WA B 7] TRE e
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Fig. 1 Average temperature and relative humidity
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Table 1 Mix proportions for target RC members

Unit : kg/m’
Case f.«u  W/B
w opc Sl S AE
Cement
OPC 30 440 178 405 0 754 953 3.03

S-1 27 456 178 0 390 752 961 292

S-2 27 436 179 0 410 752 941 3.08

Table 2 Physical properties of the used aggregates

Items Ginax Specific gravity FM
Types (mm) (g/cm3) o
Sand - 2.58 3.15
Gravel 25 2.58 6.93
3. &Y 2 BTt
31 UEY= T
KS F 240501 we} - vl gte] b4 25 AW 79, 149, 28

Aol 37§] Aol thete] HrstA om 1 P%E— Table 33}
Fig.20l ERA AT

Table 3 Compressive strength results

Compressive strength (MPa)
Days

7days 14days 28days

Case No.1 No.2 No.3 No.1 No.2 No.3 No.1 No.2 No.3

364 357 36.1 43.0 425 429 454 46.1 44.1

OPC
Avg. :36.0 Avg. :42.8 Avg.:453
279 274 283 347 338 342 356 348 35.1
> Avg. :27.8 Avg. :34.2 Avg. :352
- 332 335 343 376 388 384 426 434 418

Avg. :33.6 Avg. :38.3 Avg. :42.6

EE Rl A AE 28Ul A AEE zﬁfzs ko)
B 2% S AMES A83 49 o) AdA
o] B-2S-2004 S-1 v g thH] 920 % =9 A= 57 o
B At
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Fig. 2 Results of compressive strength
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Fig. 4 Photos for penetrated concrete by chloride ion

Table 4 Results of passed charge

Case 0PC S-1 )
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2
41425 59652 1190.5 1219.9 (9\9/2 2 1513
Coul (High) (High) (Low) (Low) low) (Low)
oMb 50530 Ave. 12052 Ave. - 10723
(High) (Low) (Low)

32 SIRPEZETICHS X2 FEHE] =2F M 232 M 55(2019. 9)

Table 5 Results of diffusion coefficient from NT BUILD 492

OPC S-1 S-2

Case
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2

1.66E-11 1.37E-11 8.85E-12 8.03E-12 5.41E-12 5.86E-12

m°/s

1.52E-11 8.44E-12 5.64E-12

2% 18 S I ANES AFA = AR alj el A OPC
HI g thH] 21.2 % ~ 23.8 %2] T3 AstdS el om, 2%
12 EH 2 ANE ARE- 17 Tholl= At o2 & Afol7}
HASEA] @kt BESE NT BUILD Z7 3koll A= OPC wigt
thH] S-1 Wi goll M= 55.7 %, S-2 vigOl A& 372 % 52
7o A7 7 E AT

o|21gt s}t B A g 7 ol Al 9] kg e
GGBFS®] 73}& Aol 2 F=722 /A9 A EsE
F&-E A= 715 2 ¥do] AtSong and Kwon,
2009; Thomas and Bamforth, 1999; Leng et al., 2000; Kim et al.,
2015; Ehlen, 2018). 7]&2] 7ol 251 (Berke and Hicks,
1994) A8l 53] H3hE MHAlTE P H o = Wt
A = =, ol A1) 2o YeRd = Utk 2l(1)= &3t
o] W37 £31 G3HE 445 Table 69 ER Sl
©]& NT BUILD S 4t} 2] Fig.50 EAISHAT

D=0.0103x10" "% Q (1)

o714, D= &3 A3HE Al mYs), Q= T3 A3t
ZHCoulomb) S Y ERATE

Table 6 Converted accelerated diffusion coefficient

OPC S-1 S-2

Case
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2

1.13E-11 1.53E-11 3.95E-12 4.03E-12 3.39E-12 3.84E-12

m/s

1.33E-11 3.99E-12 3.62E-12

1.60E-11

mNT build 492 O Convert

Iﬂlﬂ

27-390 27-410
Case

Diffusion coefficient (m%/s)

S r & 9 ® 2o
253333k 2

m m m m m m m
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Fig. 5 Results of accelerated diffusion coefficient
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41 X|HiEr™Al Tl

B AFolM = WFrH H7HE 215F] Fick's 2nd Law 2]
At als FEAREH O R Fo|skal LCC (Life Cycle
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S 13}t Thomas and Bamforth, 1999; Ehlen, 2018;
JSCE, 2002; JSCE, 2012). Y¥F& 0 2 T34 & AH8-3t= 7
T, L3 71t A S E = AslETo] Wol £H dAskE
o] F7lehe A& 4HA Jou B M= BT
5.0kg/m’ 9] ¥ G8ES VST Ao AA AT
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ol =-AgAldl et JA d3lEFe TR At
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t] 7]&9] Aol A= 0PCe 5028, el 15 AHE-3H 7
ol X3hE EYEZ AL Tk # Aol A ARS8
S ANES] AL 250 A 50%9] A X8-S 7145}
o] m S AFABIATE Table 7914E W41 sialzAS
Yehfa gl

Table 7 Analysis condition of service life evaluation

Critical
chloride  Time
content parameter

Surface . .
Cover chloride Built-up Propagation

Structure depth iod iod
ructure depth - © perio perio

(m) (k g/m3) (year) (year)

(kg/m’)
0.2
Wall 50 10 (OPC)
5.00 6 12
Column 80 15 0.48
ol (S-1, S-2)

3EANM =2 £3 ditkE AT 418004 W7
jo] ZE7] FiA o=
3z o] 29 o] 5 £=E UE
We otk webd W4 a2 flsliAe 3 dsk=
A A3 ARV Gste Al Wt of e
ARl aiA AAE A& 5 Ark F7HA FaAe] AFid 2
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oxl
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D, =116 x D, +032x10 " Q)

A71M D, = K A8k IS, D, = 2HE7] 9
Sk BHHAlTE UERIT

A(S)AMNE & = Ro] S A D, ) BT 2R

A D,,) 7 AA B7EE AL S-S & 5 Uk Table 8
ol M= ZZte] o7 ©2H PRy IS AaE U
B3 210 o] & Fig.69 TAISH T o] 24 HEke gt
Al Life365v.20l AH&-E o W& 8718k Eotk

NT BUILD 492 %H-& o]83sld =28 WFTrHS AR
ASTM C 120201 &J 3+ S2A |2 H7E Y7442 BE 3t
o] Table 991 ZtZ}te] W41 -& LERA R 2.1 ©]E Fig.79]l
YeR STt =3 7} 3241771 W o)y 2 715z A
312 3hik 8 4 A 7= Fig. 8ol YERARITY
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(c) Column member - 10 years of built-up period

14
_12
7
E
B 1
T
fos
£
2086
4
5 04
: ——OPCB
0.2 $1-A  —S1B
—S2-A  —S2B

o

0 50 100 150 200 250 300 350 400 450 500
Used period [years)

(d) Column member - 15 years of built-up period
Fig. 8 Chloride behavior in wall and column member with different
built-up period
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Table 8 Converted apparent diffusion coefficient from accelerated
conditions

OPC S-1 S-2
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2

Case

ASTM 943E-12 129E-11 3.13E-12 3.20E-12 2.65E-12 3.03E-12
1202 1.12E-11 3.16E-12 2.84E-12

OPC S-1 S-2
No. 1 No. 2 No. 1 No. 2 No. 1 No. 2

Case

NT | 40E-11 1.15B-11 7.35E-12 6.65E-12 4.39E-12 4.78E-12
BUILD
492 1.28E-11

7.00E-12 4.59E-12

L.40E-11

— EASTM 1202
O NT BUILD 492

1

30 27-390 27-410

2120611 -

E
T LO00E-11 -
g
S 8.00E-12 |
S
g 6.00E-12 |
c
=]
2 4.00E-12 |

£
£ 200612 -

0.00E+00

Fig. 6 Converted apparent diffusion coefticient

Table 9 Evaluated service life from various conditions

OPC
Wall structure Column structure
A B A B
Builtup g 19.2 29.7 327
10 years
Builtup ), 5 225 332 36.2
15 years
S-1 S-2
Wall structure Column Wall structure Column
structure structure
A B A B A B A B
Built up 1713 1942 4267 1188 1902 294.7 474.6
10 years
Built up 175.8 198.8 431.5 123.6 194.8 299.4 479.2
15 years
500
as0 | | Owall structure
g | R
E 350 |
= 300
£ 250 |
® 200
.§ 150 I
[
“ 100
" = = . H ‘ . H ‘

o

30-A 30-B 27-390-A 27-390-B 27-410-A 27-410-B

(b) Built up 15 years

Fig. 7 Results of evaluated service life considering different built-up period
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