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Study on Chloride Ion Diffusion Behavior in Cracked Cement Mortar with
High Fly Ash Content

LIU Yang,MAO Shengzhe, LU Naiwei
(School of Civil and Environmental Engineering, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: In order to explore the diffusion behavior of chloride ions in cracked cement mortar with high fly ash
(FA) content, this study fabricated cement mortar specimens with different FA contents and crack widths by
artificially prefabricating cracks. The chloride ion content in cracks was measured after natural soaking for 30
days and 60 days. The results show that the cracks accelerate the diffusion of chloride ions in cement mortar.
The increase in the diffusion coefficient caused by 0.05 mm and 0.1 mm cracks is similar, while that caused by
a 0.2 mm crack is significantly higher. After 30 days of soaking, the chloride ion content of the FA50 group
decreases significantly with increasing depth beyond 10 mm. After 60 days of soaking, the chloride ion content
of all specimens decreases significantly with increasing depth. When the fly ash content is not more than 40%,
the chloride ion resistance of the mortar improves with increasing FA content. However, at 50% FA content, the
chloride ion resistance sharply decreases. The relationship between crack width and the chloride ion diffusion
coefficient follows a linear function, while the relationship between fly ash content and chloride ion diffusion
coefficient can be described by a cubic function. A diffusion coefficient model considering both fly ash content
and crack width has been established, and the validity of the model is verified by comparison between
experimental values and fitted values.
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Figure 1 Specimen section (unit: mm)
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Figure 2 Free chloride ion content in

uncracked sections
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Table 2 Chloride ion diffusion coefficient of each

specimen after 30 days of soaking

w/ D,/ c,/

ARG TR . R?
7 mm (10 2m?es ) %
0.00 11.47 0.498 0.983
0.05 18.59 0.512 0.971
FAOQ
0.10 23.06 0.550 0.992
0.20 32.40 0.586 0.985
0.00 6.26 0.488 0.993
0.05 8.64 0.537 0.987
FA30
0.10 12.38 0.536 0.987
0.20 17.44 0.554 0.993
0.00 5.54 0.506 0.981
0.05 7.78 0.506 0.986
FA40
0.10 11.25 0.541 0.991
0.20 17.07 0.555 0.983
0.00 27.50 0.579 0.997
0.05 45.06 0.649 0.998
FAS50
0.10 52.80 0.613 0.998
0.20 77.06 0.693 0.993
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Table 3 Chloride ion diffusion coefficient of each specimen

after 60 days of soaking

w/ D,/ C,/

W55 , R*
g N mm (10 2 m?es 1) %
0.00 9.31 0.515 0.990
0.05 14.15 0.554 0.979
FAO
0.10 18.66 0.540 0.990
0.20 24.53 0.589 0.980
0.00 4.24 0.497 0.993
0.05 6.67 0.501 0.993
FA30
0.10 9.33 0.507 0.991
0.20 12.83 0.565 0.987
0.00 3.56 0.522 0.996
0.05 5.44 0.549 0.982
FA40
0.10 6.84 0.551 0.972
0.20 11.17 0.617 0.989
0.00 21.04 0.598 0.982
_ 0.05 35.18 0.672 0.985
FAS50
0.10 39.38 0.682 0.992
0.20 54.39 0.717 0.983
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Figure 5 Comparison of factors affecting crack width

251
—=—30 did 5 fE
2.0r —e—60 did I fE
i~ —a— k(21 iR B H
%\:E
_K
=
0 I I I I I
0 10 20 30 40 50

Wy DB /%
6 MERBEZWERILEE

Figure 6 Comparison of factors affecting FA content

M E 6 7T LA H - FA30  FA40 B Ht 4 88 1 1 Bk
T FAO, X — ML 5 3k [ 21 ] Frds b iy 45 5 — 3.
1M FAS0 5@ & FrERe R T FAO, 5 3¢k [5] fr &
S BRI 35 B R 500 B, PSR TR fE K T alik
PWIREE L 45 ie B, Xl e 2N miREE L5
WHRWEWEWAEEZSE . BEL DS A
B, B Rk K e HAR 2 )7 AE Sk U X KB
o3 8 i EL A B4 O R R T A A T e U XA 2
X0 T 4 S A ok, AT 4 TR P A T
PERE . (AP I S50 b B A R R, BT LR R 45
R 50 %0 B, FE AP K o (0 TR RE RN A B A oy AR
FEPTEE TR T M o — 0l BUE A 15
D) S5HBEKB R 2 = IR R B R

MR 13 45 0 R (28 S R I G Ty
LA HET A A A S T BRI R



%48

XN, F T RERSIORAD RIS TV RATAFL 31

D(t)=D.(t)a f*+ b [P+ c [+
d f*w+e fw+ fiwt+g)
Do) AR TR RS HARX 1 F 3 T R
Bsaby.cdye i g YIRNIESEL
TR 23S s X (5) M) .
A3 BT R 30 d A 60 d 12 i W S TP B R Bk
k=, LGRS B 43 51k 0.985 F10.982, L& R &L bf
AT DAL 5 21358 3 1] (1] %o 3% 38 =X 1 R B0E X001 T B %
g, R B b & S8 Kb THEAE S
AEM R 7.8,
D(1)=11.47 X 10 (345.904f° — 255.059f% 4
44.356f+ 212.990f*w — 86.005fw + (5)
9.140w + 1.063)
D(1)=19.31 X 10 *(339.812f° — 249.582f* +
43.076f+ 172.233f%w — 71.746fw + (6)
8.461w + 1.039)

(4)

1007 a0 ik g (it — FAO L& (8
90 o FA30IXINH - FA30 & fH
80+ AFA40iXI{H - —-FA40 fl A {H

v

701 YFASOIRSRMH — ~FASOMIG(H -~

D()/(10" m%s™")

E7 30dRHRHAMUSERE
Figure 7 Fitting results after 30 days of soaking

1287 "FAOIASGfE —FAOL &
e FA30 I {H - FA30 #Ul A4 {E
80 AFA40IXI (I -~ FA40 5 fi
70+ vFASORYE(H — - FASOIAH
60 -
50+ T
40 T
30 -
20
10

D()/(107"2 m%s™)
\

== x
0 L—— 1 1 1 1
0 0.05 0.10 0.15 0.20
2445 Y5 FF w/mm

E8 60diRBHHAMAERE
Figure 8 Fitting results after 60 days of soaking
3 %

ARSI N T T SR8 T7 vk, e A [ A K 2
T D LA b ) A AN (R B R AR Ll A AR

130 d.60 dJa , M T 58 4 3 A4 Fn i 4 4 i R 1 A
HASFo, UEHEAS T B RHERERL, IFa
SET RN BB AR AL A5 LT 258

(1) 2448 50 B W2 52 ) U i ik 72, B i 4
PR ST RIS AT M 0.05
mm 3 HNE] 0.1 mm B}, 508 F & RN B 0 ; 244k 0
JEREINE] 0.2 mm B, G083 7 & B R OR . J4E T
{4 0~0.05 mm, 4% I B{EN4 0.1 ~0.2 mm,

(2) g e iRk, i Ry 28l , B 'R
KT 40% MM XA 742 3 30 d J& , R BE R T 10
mm X G0 AR AL AR SR, 50 06 H B K D
R T HEE LS. 60dFRHE, AE T &
et B TR BE N T R SR I B WY ) AR e R R R

(3) B A 30% .40% ¥y BEIRK 0 3 0yl 1R 4 i K
WP e, BEA M B KR R AP B TR
MO0 KB A E] 50 % B Bz 2 8 Ca(OH), 2
5 ZROKA SR, A P % S A, S B
TFHEREFEAL

(4) KB RERBEIRE I G AE Pz 8 £
R RS L BT R T U R ) AR A
IHRASEAE T8RS IHEE T THEEHE
Wy B 15 1 SLEE B B KOS [ I ) i S
R BRI . A GBI 58 45 2R W O K45 Ry A KOK 8
10 3 68 ) 75 i 000 42 (46 ISR B o oA o T LA 1 4iE
KA Y B[R] 20 fb 24 4% B 5, LA K B IR 85 22 R v A
PZ XA R AT E— 25 B TR 5 58 3

S % Lk
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