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Mesoscale numerical analysis of chloride ingress behavior of strain hardening

cement-based composites

BAO Jiuwen , KONG Lingyan , ZHANG Xinyu , ZHANG Peng* , QIN Ling , GUO Weina
(School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, China)

Abstract: Strain hardening cement-based composite (SHCC) owning to its advantages of high ductility and control-
lable crack width has been widely used in the strengthening and repairing of concrete structures exposed to severe
marine corrosion zones. Based on this, a convection-diffusion model of chloride transport in SHCC subjected to
marine drying-wetting cycles was proposed, and a two-dimensional mesoscopic model considering the chaotic
distribution of fibers was established by COMSOL simulation software. The spatial and temporal distribution of
chloride content under different drying-wetting ratios (3.0 : 1, 11.0 : 1 and 85.4 : 1) and exposure durations
(30 days, 90 days and 180 days) was analyzed by conducting a simulated indoor test of chloride ingress into SHCC.

The effectiveness of the mesoscopic numerical model to simulate chloride ingress behavior was contrastively veri-
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fied. The results show that the peak chloride concentration inside SHCC increases with the extension of exposure
time, and similarly increases with the increase of drying-wetting ratio. However, with the increase of penetration
depth, the chloride concentration rapidly decreases and tends to be stable eventually, which make the chloride
content as a whole show a higher peak concentration and a smaller penetration depth. According to the analytical
solution to Fick's second law and considering the effect of convection zone, both the surface chloride concentration
(C,) and apparent chloride diffusion coefficient (D,p,) of SHCC show obvious time-varying characteristics. At a
given drying-wetting cycle ratio, the C; and D, increase and decrease as the exposure time increases, respectively.
When the drying-wetting cycle ratio is 85.4 : 1, compared to 30 days, the C; of SHCC for exposure to 90 days and
180 days increase by 51.72% and 83.45%, and the D,,, decreases by 27.71% and 48.50%, respectively. At the same

exposure time, as the drying-wetting cycle ratio increases, both the C; and D,,, first increase and then decrease.

app
Finally, the comparison between the measured data and calculated results of the chloride content distribution in-

dicates the feasibility of the proposed convection-diffusion model under the cyclic drying-wetting action to depict

EEMRER

the chloride transport behavior in SHCC.

Keywords: SHCC; drying-wetting cycles; chloride transport; mesoscale numerical simulation
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Duration /107 m n
Drying process 1.021 0.324 1.480
Wetting process 5.159 1.874 1.874
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model.
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Fig.3 Mesoscopic numerical simulation model of SHCC
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Table 2 Properties of PVA fibers

Tvpe Diameter/ Length/ Elasticity Volume
P pum mm modulus/GPa fraction/vol%
PVAfiber 40 12 41 2

AR 515 B SHCC 7K i H (w/b) 4 0.33, 5t
LR AR 1200 kgem™, K I8 FURY K #4 2
ZH3 4 3 fif s . PVA 1 4R IR U380k 2vol%, FI

L e i M e B R ) e oy AL, A S bk
FEARMIEYE s BRAl, $BAGE &) FA 1T Ik SHCC
e NIRRT TR S D AT
SHCC i HARFEL A e L 6 40 BES R T I K 435l
4 100 mm F1 150 mm #J SHCC 7. J5 (i 7F . & 18
Be A HOBs Tl K UE . A9 . FA I PVA £F 4 iF
frfrm &, BRI KU . A 9a & FA {5
ABEFEMLA I FE L) 2 min, fRBEREA L), Bk
F 55 7K TR B T LB A FERIL ) R 2245 1 29 4 min,
HRIGIMAL 43 PE 2 5 min, /MR SHAEE
TR G AR, IF AR 70 I B % 0 5 A A A
Hrp F ) ) AE e PR, RS E BUE SL RVAR
B K IR B R, SR AR H A = EE 24 h,
FF B 5 R ARSI 57 B LB Ol (2042)°C . A X
MR EE 95% M bR UEFR I = IRy 28 K, FIHITRIIN =
SRR B A BR 2 | A2 77 1) YAW-3000D FAL4% il
EDIAPA S S R =W 5 R /1WA 195 (= N = VAl R . 1
JE 58 V- Y {6y 40.2 MPa.,

®3 KEMEHMLER AN

Table 3 Chemical composition of cementitious materials

Chemical composition Cement/wt% Fly ash/wt%
Si0, 17.04 52.00
ALO, 6.08 28.68
Fe,0, 4.08 4.50
CaO 53.57 8.07
SO; 2.95 1.14
MnO 0.38 —
TiO, 0.52 —
K,O 0.80 1.54
P,05 0.14 —
MgO — 1.18

%4 SHCCiRHEALL
Table4 Mix proportion of SHCC specimens

Composition Content
Cement 550 kg-m™
Fine aggregate 550 kg-m™
Water 395kgm™
Fly ash 650 kg:m™
PVA 2vol%

2.2 SEEHmREsE

N T o3 M SHCC W ekt h, JFRAN T
B TR T A h e fmikse . R A st
AN TR DT T S A, 2%k 0 A 0 9 s o A
IR KA 3 TR o JE A T AR L A ER
SR T RGPS H] L (o) IR AR U BE i E A
TS A T e P R A TR, TS 22 2 i XL IR B



+2142 -

EEMRER

i AL, I B M K A R TR 32 R K i
il 7K A% FH A il A7 TC ) B R0, LUk B SR LV
Hh g Y A0 SR VA RO AR U, BB 2 RO 5wit%
[ NaCl ¥, fe 200 i PR-FF NaClLIs i i JE AR 5E
T E ) B R M - XL AR G ok N T AL
TR XEREE . PR UE S8 T 1 — i fe i, w5 et
A28 I AU i, o 1R OB s A A R Y

T 7E P9 1Y 4 A 3% 223 T TR PR S W) B 0E 47 % 4
A E 3 A TIRAE A B . (1) B 1 KBTER
ST TR o 3.0 1 15 (2) Rh 3 KW 1E 30 5 0 11
TR 85.4 1 15 (2) LA 6 K ATEER M 09118 kb
11,0 = 1o FELRE TR H B A0 5 R . i
B 3 R vh R AR NaCl s Wik BE PR e e, AR 4 58
Frf5h 0 2 1 4 9% % NaCl 75
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Table 5 Cyclic drying-wetting regimes of chloride ingress

One drying-wetting cycle

Number of drying-wetting cycle

@y
t tq Ly 30d 90d 180d
3.0:1 1d 18h 6h 30 90 180
85.4:1 3d 4 270 min 50 min 10 30 60
11.0: 1 6d 132h 12h 5 15 30

Notes: o;,—Time ratio of drying-wetting cycle; t—Total exposure time; f—Time of drying period; £,—Time of wetting period.
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Fig.4 Free chloride content distribution of SHCC under different cyclic drying-wetting ratios
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Table 7 Calculated parameter values of chloride transport
model for PVA fiber reinforced concrete in literature [26]

One cyclic D,/

Grou, « Cs/wWt% ap
P t period/d s ’ (102 m?s™)
P-28 0.24 2.47
P-56 0.28 2.09
1:1 14

P-84 0.39 1.32
P-112 0.62 0.80

Notes: P stands for PVA fiber; 28, 56, 84 and 112 represent
exposure time of 28 d, 56 d, 84 d and 112 d, respectively.
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