$39% 45 X B B 2 5 I & Vol.39 No.5
20234F 10 A JOURNAL OF TRANSPORT SCIENCE AND ENGINEERING Oct. 2023

DOI:10.16544/j.cnki.cn43-1494/u.2023073123051982 NERHS :1674-599X(2023)05-0001-09
51 AR MG T2 WA, 55 SRR IR Dk R R 20 2 Sl 0 T DX IR E R AR PR [ ] Sl B4 15 TR, 2023,39(5) : 1-9,30.

Citation: LIU Peng, WU Jun, CHEN Ying, et al. Study on the convective depth and time-varying properties of chloride convection zone on concrete
surface[J]. J. Transp. Sci. Eng.,2023,39(5):1-9,30.

SHEHERIREIBE FXREKREMITESERE

jl] %1 ,2,3,6 /fﬁ_,:u—'__z ]12'1—_;@51 .4 7}5]}{‘;}%‘5, Sl\'éﬁke’firﬂw 6,‘13,_‘\‘%:—:—‘ 1,2,3
(1. 54 EEFZ R RIERHTF O, Hd KV 410075;2. F B P45 %A A8, L E 100039;
. E RS ERIESR, HdE KV 4100754 F s A k¥ L RIESR, Hd KV 410004;
5. F4k LA S E A A RAS, R 100055;6. P4+ B ERAFRAS LA Fd 250101)

o OE NI AR RS v A TR T 3R)E S T A BN R R B A T IR E L N K SR A R R R
AT oA s, B iRE LR EEE TR KR ERS PR ERRE P RS LR EEE TR SRR
P A 3 B RS [ ) DGR 4t A I P TR BE + 3R 2 SR T T M 25 o0 A R R ik 5, SR 45 R 3R - SR
(5P PR v (1 VR 9 S T R S VR - K 3 RS R 2 (A AR R VI OGHE . SR R rp s R A 1A
P B XRLBEE 1 R RSB T A R A TR S AT . TRSE 3R GRS T R R e AR (BB i Ok AR
2O TRE . TR RZ A FIRE AR R ] i 48 /R SR PR BT P iR B - R i A T B R, T
MRS+ RBEE F RS %

SR TR s U T X IR 5 e AR M R

B 2SS TUS28 CERERE G : A

Study on the convective depth and time-varying properties of chloride
convection zone on concrete surface

LIU Peng'**°, WU Jun’, CHEN Ying'*, YANG Kaiping’, LYU Daofeng®, FAN Yuhua’, YU Zhiwu'**
(1. National Engineering Research Center of High-Speed Railway Construction Technology, Changsha 410075, China;
2. China Railway Group Co., Ltd., Beijing 100039, China; 3. School of Civil Engineering, Central South University,

Changsha 410075, China; 4. School of Civil Engineering, Central South University of Forestry and Technology,
Changsha 410004, China; 5. China Railway Engineering Design and Consulting Group Co., Ltd.,Beijing 100055,
China; 6. China Railway No.10 Engineering Group Co., Ltd., Jinan 250101, China.)

Abstract: The distribution and convective depth of chloride ions on the concrete surface under the
chloride salt erosion environment were investigated, and the convective depth model of chloride ions
on the concrete surface was proposed by analyzing the change of the water-influenced depth and
chloride ion concentration. Simultaneously, the internal relationships of the chloride ion concentration
on the concrete surface and the elevation, distance from the sea and time were also studied. Then, the
corresponding spatial and temporal distribution function of chloride ion concentration on concrete
surface was established. The results showed that there was a close correlation between the depth of the
chloride convection zone of concrete in chloride salt erosion environments and the water-influenced
depth in concrete. The relationship between the chloride ion concentration on the concrete surface and
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the elevation and distance from the sea can all be characterized by the S-curve. The maximum

concentration of chloride ions on the concrete surface increased with the increase of time, but its value

eventually tended to be a constant. The convective depth model of chloride ions on concrete surface

can accurately present the change rule of concrete surface chloride ion concentration in chloride salt

environment, which can provide a reference for predicting the distribution of concrete surface chloride

ion concentration.
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Fig. 1 Model of chloride ion convective depth in concrete
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Fig. 2 Saturation distribution curve of concrete in simulated

environment
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environment
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Table 2 Wetting time ratio of concrete at different altitudes for the in-situ environment
Ay
R m ¥
1 2 3 4 5 6 7 8 9 10 11 12
1.1 0.728 | 0.783 0.796 | 0.705 0.761 0.826 | 0.751 0.777 | 0.716 | 0.837 0.836 | 0.791 0.776
1.6 0.315 | 0316 | 0316 | 0.369 | 0.337 | 0.307 | 0.360 | 0.348 | 0.419 | 0413 | 0.414 | 0434 | 0.362
2.1 0.103 | 0.083 0.096 | 0.099 | 0.118 0.107 0.108 | 0.165 0.14 0.13 0.129 | 0.106 | 0.115
2.6 0.016 0.001
08w ST ] E LA A 2 S, S [ H 5 1308 T T (6] B A7 7 25 S 5K 2 Vg i
’ y=0.018 + 1.254/(1 + 10713 )% 119) 'R2 = .99 e A b R \ DA
1 H SRS R o ANIET S 38T LI Y, BRIR T3
0.6 - i ¥ N
1B 5 % H Sigmoidal 154 11 1Y) DoseResp #& £ HH 15
] . [N R ~
2.0 2 L) £ W T AR, I 1
E .-.‘ — S M2 N 4 Ny Y Ny = B
B FE TSR 1% PR AT LASRAE , X B0 7 4 0 AR O [A]
o2y _ TERIREE 45 My V0 2 ) L AR T 3R A
o | e J 32 RELIRESETSEMSEMIEEZKTHE
1.0 15 2.0 25 3.0 35 B (g

B/ m
5 UE R A L RE B B AL W 2,
Fig.5 Wetting time ratio-altitude curve

2 5 0] LU Y, TR BE 45 1 42 47

I TR LU i B 9 T e R A T A, I B A — S v
P58 T % % HL A 2 v AN (] A ] £ 10 3. Fisf 18] L mT

HEAUEAB TS R RZ A E T EE
it A e JEE ) AR A R o N ot B T i TR
T RZ T AR AR EOT 1 AR (E . TREE T
PN SR o B e AR T B ) AR R T AT 6
firse B 6, 280 A5 5 D TR BE X I IX S 1
o {REE T RIEAE T E R ANY AR



% 53

X)W, R AR AR RS L R ERE T AR R IR A it TR

RN 7 frR . TREE L FRIZRE TR TR
W 7 P )R A R LN 8 7R o SR
I B ) T ) 6 s (I8 ) A A T e 4 B 40
R FICK 2 5 R BEATREALL, A A 4L it £k 14
SR b 3R TR RS2 iy £ ) R AT U

0.90r w B 11 m B S B A i 2
o T 1.6 m (S L HALL & h 2
ossk " AR 2.1 m B S I K JEADL 2 2
s 075¢ v R 2.6 m A SRR AN i 26
3 Ne BB mBE A
4 ] °
15 0.60 Y
1\3@ \;\\ .
Jlﬁ‘n% [ ]
£ 045
= . ’
= 030l 7 ©
0.15 :
0 5
VU + YR/ mm

6 BB EARE T A TS LM
Fig. 6 Chloride ion content of concrete at different altitudes

ME 6 T LLE H, Bl i ds R - 8 T &
e I B LR W AR . TR T i
S TE A 3 25 B K X (1.1 m) B IR B+ R R
2.5 mm XIE N A F S mEEAR LR T, AR %
FRBNH A (42,5 mm i), 5 T &k E Rk
{8, 2 (A LN TR EE 803 & PR A FICK 91
SEET LR . IR EE AL T 22 X e IR I X
(1.6 m) B TRBE 4 NS0 ES F& f o A IUEE S AR oE
P AR B 2 A B T R AR A
LA (RS + )2/ B F X0 X, B
REE T NEEFEH R, T Rt 17,
It S FLBRK B &8 L ZRIRIE R AR RS . I
ER VR TRORE A T 4 S RNZE RS RON AR, A
TRLE = P9 R R B DX PN g Gk S g o, a0 i ik 4
A TERE LN R AU Y . RIETFRE, %
J22 G T AR AL BRI 2 TR AL B 1 7R
17 T A W, 1 R TR TR I A A
f, (AR TR N R TR A SR T S BT
A, B 5 PR ] B R DT E A% S80S X IXR
FER S Al . R TR R A FL B BE U A AR R
PHIA I RON T AN TR - 32 R
PR, 10 R Ak LB AR I A AR A, T LA AT SR

FICK 5 8 R AR A, MIREE 40 T RAIX
(3 BB 230 A 2.1.2.6 F13.1 m) I IR EE+ %2
BRI N S A . T R IREE £
KEZX A ZRE L REEAE TV A
FICK %5 g . XOEMRRXIREE &7
BR R T E R B AR 55 RN K RN A A, AR 1Y
W B RIS, RO BN B /N K L o AT K
(12)F12.1 m AL VR BE - WA B+ & =, WAl 5
KX AR FU A F AN 0.4%, HHE
U bR AT 7R B X TR O 4 PN SR B S s ), AR 5T
X H 3R 2 AU T R AR B R A AL R
AT T 400, i 7 s .

0.8 —m— SRSEENEETARIIANE 24 D
y = 0.369 + 0.356/(1 + exp(x — 1.871)/0.123), ®
X S RE=099 =
=~ n o TOTHE T HUR B i iR g

] 1 = 0.698 +(13.969/(0.556sqrt(1/2))) 18 %
;’E Xexp(~2(x - 1.453)/0.556)%.R> = 0.92 =
i =
& 0.6r ﬁ
g 112
. £
H O":'S:O K
2 s

sy -
e 16 @
£

0.4+ !
¥
1 1 L 1 L 0 D:l\.\_%

1.2 1.6 2.0 2.4 2.8 3.2

=/ m
7 REBLEEABTAETFTRAKEZE LML

Fig. 7 Chloride ion content and diffusion coefficient of

concrete at different altitudes
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Fig. 8 Effect of the distance from the sea on the maximum

chloride ion content on the concrete surface
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Fig.9 The evolution of the maximum chloride ion content on

the concrete surface with the change of time
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