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Chloride Diffusion Properties of Cement Mortar Under Salt Spray Wetting—Drying Cycle

YUAN Qiang"?, WANG Yuman'?, ZHANG Kai'?, ZHANG Jiajia’, RAO Huiming*, CHEN Qigiang®,
ZHANG Feng®, ZHANG Zhipeng*

(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. National Engineering Research Center of
High-speed Railway Construction Technology, Changsha 410075, China; 3. Shandong CSCEC Urban Development Co., Ltd,
Jinan 250014, China; 4. Southeast Coastal Railway Fujian Co. Ltd., Fuzhou 350013, China; 5. China Railway Nanchang
Group Co., Ltd., Nanchang 330103, China)

Abstract: The deterioration of the durability of marine concrete and the degree of corrosion of internal steel bars in the tidal, splash
and atmospheric zones are often serious in salt spray wetting and drying cycle. The diffusion of chloride in cement-based materials
was investigated at different parameters (i.€., mix ratio, dry—wet ratio, and exposure time) by a cycle test of salt spray wetting and
drying and a test method of layered grinding and potentiometric titration. The results show that the deposition and transport of
chloride ions in mortar are primarily affected by salt spray wetting—drying cycle, dry—wet ratio, water-binder ratio, and exposure
period. The influence of water-binder ratio is dominant, while the influence of dry—wet ratio is slight. The maximum concentration of
chloride C,,,, and the effective chloride diffusion coefficient Do increase as water-binder ratio improves. C,,, firstly increases and
subsequently declines as fly ash amount and frequency of dry—wet cycles increase. Doy decreases as exposure time increases. Deg
firstly increases and subsequently reduces as fly ash content increases. Low water-binder ratio and use of fly ash can effectively
postpone chloride erosion, thereby enhancing the durability of structures.
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Table 1 Chemical compositions of cement W/%
CaO SiO, AlLO3 MgO SO3 R,0 LOI CaO
63.41 20.08 5.09 2.06 3.20 0.61 1.72 63.41

w—Mass fraction.

1.2 #miilE
BB S R, BT 6 R
WIRRLEL, RV ILAE 2 (CURORERDR I R

*2 WRAGESL

Table 2 Mix proportions of cement mortar

m/g

Sample

Cement Fly ash (FA) Water Sand
Wi 100 0 0.56 200
W2 100 0 0.46 200
w3 100 0 0.36 200
F1 80 20 0.36 200
F2 70 30 0.36 200
F3 60 40 0.36 200

100 g Jfily. e, EEGEE 3 FRbROK L, B
0.56, 0.46 5 0.36; 3 Mk IK(FA)BE, H 20%,
30%5 40%. 4, FHHREP IR R 2.0,

B IRb SR R ST 40 mmx40 mm*40 mm
(B 3 ANHEFERMR) . TR B B, A 2k
AR T, PABE IR E R EIK R 24 h
JEVRBRISR, R B T IR A R E(20+1) C,
MIXHEEE: >90%)754" 28 do FRPEEH )T, NHERR
FEARYIUR RN B 22 S 0 S TR AT A Rgm,
XA R AT K SR E . HERE DR
N: 1) BREET 60 CHAETIMTERENEE,
WK H TR mos 2) B NS UK,
MEZEFE 3 hs 3) PRI MEEE FREAR
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Table 3 Design of testing specimens

Sample No.
Cyclic number Dry/wet ratio
w5 w4 w3 F2 F3 F4

8 cycles 24:24 24-1-W3
36:12 12-1-W3
42:6 6-1-W3 6-1-F2 6-1-F3 6-1-F4
44:4 4-1-W3

16 cycles 24:24 24-2-W3
36:12 12-2-W3
42:6 6-2-W3 6-2-F2 6-2-F3 6-2-F4
44:4 4-2-W3

24 cycles 24:24 24-3-W3
36:12 12-3-W3
42:6 6-3-W3 6-3-F2 6-3-F3 6-3-F4
44:4 4-3-W3

32 cycles 24:24 24-4-W5 24-4-W4 24-4-W3 24-4-F2 24-4-F3 24-4-F4
36:12 12-4-W5 12-4-W4 12-4-W3 12-4-F2 12-4-F3 12-4-F4
42:6 6-4-W5 6-4-W4 6-4-W3 6-4-F2 6-4-F3 6-4-F4
44:4 4-4-W5 4-4-W4 4-4-W3 4-4-F2 4-4-F3 4-4-F4

Note: 24-1-W3 means explore for 24 h, dry/wet ratio as 1, W3 as mix proportion in Table 2.
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(b) Third cycle

BT AFEEHE e S TR B A RHIE

Fig. 1 Distribution characteristics of chloride deposition after different cycle periods

(a) Dry/wet ratio is 24:24

(c) Dry/wet ratio is 42:6

(b) Dry/wet ratio is 36:12

(d) Dry/wet ratio is 44:4

K2 A4 030 5 &0 T DR R ARk

Fig. 2 Distribution characteristics of chloride deposition after 4 cycles
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Table 4 Test results of C,,

Mix proportions

Cyclic Dry/wet

number  ratio w5 W4 W3 F2 F3 F4
8 24:24 0.126
36:12 0.149
42:6 0.100 0.101 0.186 0.215
44:4 0.152
16 24:24 0.387
36:12 0.435
42:6 0.424 0454 0382 0.709
44:4 0.394
24 24:24 0.447
36:12 0.613
42:6 0.482 0.501 0.792  0.968
44:4 0.514
32 24:24 1336 0.891 0.545 0994 0.851 0.842

36:12 0.879 1.096 0.711 0971 1.054 1.117
42:6 1.011  1.006 0.642 0.895 0.735 0.840
44:4 1.041  0.739 0.665 0.863 0.968 0.902

B 3 D IR AR K L X GBS AL IR BE Crnax IS
MR H P 3 AT, S IR IR B Copax B
AR LE B KT . o, TIRECA 36:120 F
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0.36 9% 0.46 5 0.56 J5, LB 7373 K2y
232%15 69.2%. FHEEHT, FLBRE KK AF
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B3 R IRARK L 5 S T (B IR SR R 26
Fig. 3 Relationship curves between w/c ratio of cement mortar
and peak chloride concentration
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Fig. 4 Relationship curves between FA content and peak
chloride concentration
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Fig. 5 Relationship curves between dry/wet ratio and peak
chloride ion concentration
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Fig. 6 Relationship curves between exposure time and peak
chloride concentration
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Table S Calculation results
Cyclic number Specimen No. Der Cs R?
8 24-1W3 0.575 0.126 0.958
12-1W3 0.471 0.149 0.989
6-1W3 0.228 0.100 0.959
4-1W3 0.436 0.152 0.974
6-1-F2 0.213 0.101 0.960
6-1-F3 0.145 0.186 0.982
6-1-F4 0.073 0.215 0.974
16 24-2-W3 0.445 0.387 0.985
12-2-W3 0.448 0.435 0.940
aws oms oam 0906 ET BROKKESRETHRS MREOCR NS
Fig. 7 Relationship between w/c of cement mortar and effective
4-2-W3 0-187 0.394 0-968 diffusion coefficient of chloride
6-2-F2 0.079 0.454 0.994
6-2-F3 0.110 0.382 0.983
6-2-F4 0.038 0.709 0.990
24 24-3-W3 0.375 0.447 0.968
12-3-W3 0.386 0.613 0.991
6-3-W3 0.307 0.482 0.978
4-3-W3 0.179 0.514 0.964
6-2-F2 0.069 0.501 0.973
6-2-F3 0.062 0.792 0.973
6-2-F4 0.056 0.968 0.983
32 24-4-W3 0.282 0.545 0.965
24-4-W4 0.383 0.891 0.879
24-4-W5 0.283 1.336 0.942
b 008l 0994 0952 K8 FABREBLABE AT MALCRML
Fig. 8 Relationship between FA content and effective diffusion
24-4-F3 0.078 0.851 0.969 coefficient of chloride
24-4-F4 0.038 0.842 0.986
32 12-4-W3 0.348 0.711 0.960
12-4-W4 0.444 1.096 0.955
12-4-W5 0.647 0.879 0.874
12-4-F2 0.099 0.971 0.970
12-4-F3 0.063 1.054 0.970
12-4-F4 0.062 1.117 0.985
32 6-4-W3 0.189 0.642 0.988
6-4-W4 0.419 1.006 0.963
6-4-W5 0.583 1.011 0.967
6-4-F2 0.108 0.895 0.962
6-4-F3 0.045 0.735 0.989
G4F4 002 0840 0971 O T 5 S T A R O R
32 4-4-W3 0.220 0.665 0.959 Fig. 9 Relationship between dry/wet ratio and effective diffusion
4-4-W4 0.515 0.739 0.981 coefficient of chloride
4-4-W5 1.864 1.041 0.964
4-4-F2 0.105 0.863 0.917 FE AT x>Ax JEEN, FIRTEE 2SR5
44F3 0123 0968  0.898 g AR R E, WONE TN PR REAE AR
4-4-F4 0066 0902 0935 E P LU
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Fig. 10 Relationship between exposure time and effective
diffusion coefficient of chloride
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