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A Study on Chloride Ion Diffusion in Cracked Concrete
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ABSTRACT

In this study, a method to evaluate diffusion coefficient of chloride ion in cracked
concrete is proposed. For cracked concrete having either anisotropic or isotropic crack
network, each crack of saturated concrete is considered as a V shape crack, and an
effective diffusion coefficient is expressed with diffusion coefficients of cracked part and
noncracked part and a so-called crack spacing factor. A comparison with experimental
results shows that the diffusion coefficient for cracked concrete is accurately predicted by
the effective diffusion coefficient. Prediction results also show that the cracks in concrete
markedly change the diffusion properties and accelerate penetration of drifting species. The
method in this paper can be effectively used to consider the effect of cracks on concrete
diffusion coefficient of cracked concrete.

LM B
AFFAstel AAHE TaYe F2EY AS, gatEo|2 3 & fr3folo] FiHo EAYE
Fo e FANJIEE YTFHA EAYE FEES A AdAe FIYETY GEIol2

oz
7b7b e ook stk HRjel BAA S

% 2e Faole ZAYEFTANY FAAT éé}?_
Prte AW7IENN RCTFEEY TEE S E4TIZHAA HE3tn Ugol= 78, Tde 2
BokA] & +A

24 EagEdd ds) gstEo] 29 @h. A¢E 3§ - Jrtshed @AH] ok

e d3tBoley FNASLE A oM ddol BAT ZAEAY
dstEole FAAH/YS M HIo g3 ooz FaE AW FEF FUAT
o] BAZ AL o HXIIYE A& Fho] LASA ¥ TAYEAAY AT S FUAT

* A3, () HEIZAHLE, AHd

o A8, AMY ST ESFoT}, A
ore 39, AMYTE EBFHD, 05
ooee AE Y, AANFR £ GD, FR5

2001dx & shadEs =R e



rzE
tlo
X
r 1
ok
(fr
L)
o

ge] BAE BlHst, Fdo] BT FAYENN Y HEE|R FAAF AP
N .

2. dgo] AT FTAYEAM H3HE o] FiF Y
21 & #E9 4 =Y

Gérard et al.(2000)2 #Ee HElE 29 ojFuelN Fdol AT TAYE FLW(crack
nework)e] ZAE 7Z|EAR FHHE BFAEE FAIRANL £ 9o, 27 13 Zo) d&H g
zol o3 TSy FUIT HFHE e BE AdTIdE oldtA #Y(1-D : anisotropic crack)E,
T Y 29 o] FAFH, BE2FF S o TAstn SEY PFHS AYR ¥E dEE T
34 #9(2-D : isotropic crack)Z ©&dtA TR ol e FErAL FFFINH L%
BIEELE, L8 BT E 7122 S4IPT. SAYUEAHY FA, Lyv A a4dd 3loja &
A e B4R A ddAde 22 e o284 AYPEL A2 fAdEY. £ sy
deo] QAL FES] 7] g AES T YA olF A& PG FERIgE FAY & U

I 1 o1 Td9 g4 =Y O 2 5448 dE §urd

Tdo] AT ZAYEAXY FAAF i JFIA2A FFFERE LT FFTEE L,

o

g 7122 3 dD7AAA} (crack spacing factor), f£ 4 ()3 o] Hegd)
L,

f= I, (1)

2.2 o4+ A (anisotropic) T€ 9 &4 2d

Gérard et al.(2000)°] #|2tg iAol M e FHEEE A14d g2 AAsgoy, 3 - Aoty A
AE 44 799 Fevh 29 39 o] VEe FIE wASEE VY U2 4 - AUk

U RGN ) FAAY BE, Foplmol - m/s)e ZARE 58 Axe] 58, F,3 AQ2e
29 58 F,9 §02 4 (2% go| U

Ftota1=F0+Fu (2)

678 2001d% ¥ S&2ugs =23



o—L:———/

2¥Y 31-D €9 & =29 A%

a9 42-D #E9 g4 2d A

flux, Jiw (mol/m's)= 4 (33} 7o) SR EY AAA A s HFstAZ
UTH
CVC+ uVu
Jiotat = / Vc+]Vu 3
o71Ad, V.e #4939 Ad(m), V,v A™EY AFH(m),

ol flux, J,
Fo} #&dA4

o] fluxelth, &4t &

e o] FEANAN Y Fue 35
L4 @~©3 2ok

Je=—DiF 4)

Ju= —DoF ©) Juor = — DF (6)
A71M Dyt DiE Z47 AR #4459 &AF(m/s)oln

2 4), GF )& A Q) Y, o D3 Ze] Aok

(V+V) D1V+V 7N

Fd%s AP AH¥ Ve 98 4 @) 2ol Uehig,

v

Uu

Ve

V:

(8)
2 @ =t oA Ak, of o (9% 2ol 2ddH

Vit Ve=V(V+1) 9
A @)~ A& 4 (Mg Add, 4 10#} 2o gddn.

Dy
Dy +V

D _ Ly (10)
Dy 1+Vv

2 (8)& tha] 2] (ADF Ze] ¥ ETh

20019x ¥ &



L, - <Ly L L,—L
V= II;M _( 11 L) Ly L, _ 2( IL 0 —2(f—1) an
¢ _2L4.L3.L2 4

A (103% 4 ADe FAZEE A 12)% o] 2dFEG

Dy -

2f—1

D _
D,
web L)Y Lol®, £ 5> 1052, 4 (2)E 4 (193 o] @tk
p __D ., (13)

D,  2-F-D,

2.3 S8 (jsotropic) TE & 4 2 d

a9 4¢h o] 2-D THoAM FIEG ARG AF S FA 4 (14), 15H% 20

2.y [y _2/(1V _ o[ f=1)°
V,=1% L, [(f) 3(f)] (14) v, L1< - )L2 (15)
4 (14)~15)% A (®d dgsd, 4 a6)7 2
f—1 2
v, DL (B gy
Frun BT 4
=27 3\ f 3
kel £ > > 101®, A (16)S 4 N 2ok
V=¥ an
A 17DE A Q09 dYgstA, 4 18)7 #rh
D __ D ., (18)

T0 - f‘ Do
B3 FARs S5 o SREstY Az MRS, D =107 m/solth
3. Fgo] WA ZagEdA ] £ G0l Tt Y AF

31 #38 d3tsel2 4 Y4 AF

AR AE AT Ao AHEEA @S B WE W/C=040 =¥

Jacobsen et al.(1996) %
E+ (Canadian Ordinary Portland

2 !
o2 A¥s AANIHYY. P EZ(slump) 70~0molL Al

680 20019%= & F=uEs =&



Cement type 10& AHE-3tGnt. A2AE AdAo2 0~5mol2 FLIAE FBYZAZ 0~10me)
o e FEFAE AT e FE A s S FAL Jacobsen et al®) YA E
T 1€ 4

3202 AT £d g2l e g ARE ¥ 17 go] wmasith Fde] 2
&3l 8 27 Al FAY FAAF(DYE 9.70x10 m/soln, TAGH )} AWHAN &

AAF(D)E 76.52x10 7 m/sel X 76.52%10 Y nt/s7AA F7herdoh
Gérard et al.(2000)8] 54 A18E B S A5z APa LA¥AE 23~292 et 2
A £ - AAHE AT B dASHH AYRS vny Ao 112~1279 LAEHE Yehy
T4 ALAE FH AFHT AXNEE & F v A7 2= 3 5~63 2t

B 1 8U4AFY o583 Jacobsen®] APt v @(Gérard et al, 2000)

Crack Diffusion D / DO
f | aperture | coefficient Gérard/Exp. | Pro/Exp.
(um) | (x 10™%m'/s) | Experiments | Gérard | Proposed
- - 9.70 - - - - -
440 5 2448 25 56 2.8 23 1.12
180 9 41.64 43 12.0 6.0 29 1.40
105 12 7652 79 20.0 10.0 26 1.27
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