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Abstract

Research on the diffusion mechanism of Chloride ion in concrete can be applied to repair concrete,
which can effectively prolong the durability of concrete. This paper is focusing on one-dimensional
diffusion of Chloride ion in concrete. Firstly, the time-fractional diffusion model of Chloride ion
with variable diffusion coefficient in concrete is established based on Caputo fractional derivative,
which is solved by the finite difference scheme combining with L1 algorithm. Next, the fractional
derivative parameter on different exposure time is optimized by using the existing experimental
data and the least square method in the model. At last, the relationship between the optimal frac-
tional derivative parameter and the exposure time is fitted, which results in the time variable
fractional diffusion model of Chloride ion with variable diffusion coefficient in concrete.

Keywords

Concrete, Chloride Ion Diffusion, Fractional Derivative, Finite Difference Method

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

EDAREAD G, RE LR T MK, @R aRaLr, HEA R rdtE. nrEdm
i KR SRR A, A T e ARk, AT LT AP AR IR AR 5 iy BN 6 52 ST A ) . L RITY
FARTHE, IREL M AR BRI, ERYRE AL . TR )8R WA, JREE P
BT REESYHER . BIEER . B EA R B AR SR ENRE RN R . 8, A
TR RN RMHE . (B2, TF2ER AT Eue R FERIERANTTA[2].

PR BTN IR T B 3 20 Fick 28 9 Bl HER A S 7 9 #4179, Buenfeld %5 [31EE TR
- B ER AR R — AN RS R UL AR, R T M R R B 5 A Mangat S5 [4]Ks i IR [
REEBEAE TV HARECh, IR B BUREUS IR R H R A

D=Dt™" (1)

St Dy LT 1AM LA R A, 200 m g KPR 4. [I4E Thomas Z[5]12 1 T %
B b D R AR A, RS TROY R SR R B WL, R4 th F ke

t, )
004 g

2 Do A1 Dy 73 B A HI T8 to A1 t IR L RS T R 8, t>0. Thomas 45 HAI(2) B, 1
I 00 7 Tk k- ) SRS 1 TR BN Do

DOI: 10.12677/aam.2021.108297 2854 o7 $2

il


https://doi.org/10.12677/aam.2021.108297
http://creativecommons.org/licenses/by/4.0/

EE#

B

%

MEAER, BFFON 53 R B0 B R 4 W LA B it 4 B St il LA g S A2 A0 2 i) e A DG 1R 25 5 O
TS BB R RS, RS0 20 S 5 BRI T 4R S BT . B R SR [6] 4 FH i 5 b i Ae 4k
Je Crump S5 ¥R A BB BT RO R AT il . Chen S5[7]75 18 1 SRS 7 AR 1 2 [R) 2 A A B
TR, IS BC— 2 L BIHS0E 7 5iRE R4S G, BT 1 2R SER AR R TIRIE . Wei 5%[8]
FENL TS T R RO AN Caputo B SR 1IN 1R 73 B g IR, e 5 8 U5 (SRS 1) D VR DL 2
VLRI D,

AICHHT Caputo B S5, H S WN(2) AR HUREL, KRS S0 T4 HO 7] 7 i
) — R R EAT R 7L
2. BEHEUR BRI 5 B AR
2.1, HRBEST

HT Fick 55 AN Caputo M7 Ml FHL[0], 5 P8 WU TR EE L (19— 4EYTRLR L, ARy
B BRI 17 70 KBy B, 83y -

“C(x,t) t, )" 0°C(x.t)
Tar (Tj Tl
C(x,0)=C,,0<x< 400 ®3)
C(0,t)=C,,t>0
C(+o0,t)=Cy,t>0
Arfalor 7y Caputo B3 M 57 s x MIRIMEREE, x €[0,+00) 5 t JylHE 1S540 P (28 T 5k 3R TR I
A, t>05 C(x, )N ti %] x PRAL T IR THE: Do Al D73 BN B [N to A ¢ I M3 R A o
NAEI FERINEL, 0<a<l; CoONIREEERIMEE TR Co NRE T WIMHIEIRIEZ; Co Ml C &
A m O TR A
2.2. BERBHARE=SHER

XHEE L1 H9]:

,0< X< +0,t>0

r(Azt_aa) gas [ f(tes)-f (tk—s—l)] +0 (Atz“’ )

= F(Azt;“a) f (tk)—ak,lf (to)_ti(a“ —as) f (tk—s )}ro(mza)

D (8, ) =
(4)

Hr o, =(s+1) " -s",5 =012, HILRMBE(3)IIAH BREM K.

B, ERUE R R L ABRERE T E X x=ih(i=01--,M), t=kz(k=01--,N),
Hefrh = UM NEREEK, =TIN NREES K . IXREAERI D SRARDXIBG .  Cf RSB TR AL K3(x , 1)
KERRIAE AL o

TR, R T i [x =x.t=t , ] Ak B

_C(%,t)+C(%,t,)

a 2
ey

DOI: 10.12677/aam.2021.108297 2855 IR Esid

+O(At2) (5)



https://doi.org/10.12677/aam.2021.108297

i
B
48

ac CC(%t)=C (% 4.t )+C (%t 1) —C(% 4t )
OX [x:x,t ti] - 2AX +O(AX) ' ©)
o°C _C(Xi+1'tk)_ZC(Xi'tk)+C(Xi 1 )+C( e ) 2C( k1)+C( i1tq)
o ensys] 28" (7)
+O(Ax2+At2)

WG, F@~MARNT HUEE(3), I CREML Cx, t), FRIARZ %K

k k-1 1 0 1 k-s k—s-1
r{ci +C _akdcﬁci —kZ(aH—as)C‘ +C }
2 2 et 2 @®
k k k-1 k-1
c,+1 2ck +C| 1+zc,+l 2ckt 1 ck; (=12 M~k =12, N)
X N IR G S5 A4 AN A A
*=C,(i=01--,M) ©
Cl=C,,Cf =Cy(k=12,--,N) (10)
2 m
Fopg o || e A, B RAEEIR AR (B)~(10), AT LA EE
r(2-a) (k-1)r
Y B R BRI 8] 2 B0 5 O Y R BUE R .

3. =fl
Thomas 4[S]HE47 1 R VISR T HSE %, FIfHi PC (REEL B0 B 7 o Bt 22 1
s, % WS RIS 2 FiR.

Table 1. Chloride concentration of Precast Concrete on different exposure time [5]

# 1. PCTRIREME THEE T REMES]

\ , B TR (%)
ES VRIE (m)

6 1 14 24 34 6 4 8 4

0.005 0.267 0.493 0.313 0.370 0.257 0.288

0.015 0.140 0.193 0.273 0.273 0.237 0.264

PC 0.025 0.050 0.043 0.143 0.190 0.197 0.203
0.035 0.010 0.017 0.093 0.117 0.153 0.183

0.045 0.000 0.000 0.053 0.073 0.133 0.159

Table 2. Initial concentration, surface concentration and values of parameters [5] [8]

=2 VIERE . REREMSHKIELD] (8]

T Co (%) Cs (%) Do (m?/s) m

PC 0 0.35 8 x 107 0.1
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Figure 1. Chloride ion concentration on different exposure time with a = 0.9
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Figure 2. Chloride ion concentration on different exposure time with optimal fractional derivative parameter a
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Table 3. Optimal fractional derivative parameter o and the corresponding error square sum Q on different exposure time

%23 TEREMNE THRMEMNE « MXRHIREFLFM Q

S FI A 6 1H 14 2 4% 34 6 4 8 4
WAL o 0.975 0.956 0.950 0.941 0.875 0.890
REEHHQ 9.3430 x 10°7° 0.0466 0.0027 0.0047 0.0043 0.0019
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Figure 3. Relationship between optimal fractional derivative parameter a and expo-
sure time t
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Figure 4. Preditction of Chloride ion concentration when the exposure time t = 7 years and t = 9 years
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