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Abstract: The service structure in the complex salt etch environment of sulfate and chloride may be affected

by the coupling effect of them. In this paper, the chloride penetration resistance (CPR) of the concrete half
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immersion in sodium sulfate solution (SSS) under capillary action is studied. The capillary rising test of
mortar with different water-cement ratio and different concentration of SSS was designed. Scanning
electron microscopy(SEM), X-ray diffraction (XRD) and electric flux of chloride ion are applied to the
concrete half immersion in SSS. The results show that the CPRs of concrete samples half immersion in SSS
deteriorates, and have obvious degradations at early stage, but recover a bit at later stage. Combined with
the results from microscopic tests, the degradations are attributed to the SSSs filled in the pores of concrete
samples. The SSS impairs the ability of bound chloride ion and releases more free chloride ions, which
increases the electric flux of chloride ion. With the extension of soaking time and the change of the relative
humidity of environment, supersaturate SSS comes into being Na, SO, and Na,SO, ¢ 10H,O crystals. The
admixtures of crystals deposit on the walls of pores, and partially hinder the diffusions of chloride ions,
hence increase the CPRs. When the concentration of SSS is higher than 5 percent, the velocity of capillary
suction (VCS) slows down and the CPR of concrete is accordingly enhanced with the increase of the
concentration of SSS. The VCS can be used to predict the CPR of concrete. The mixed solutions with
sodium sulfate and sodium chloride can retard the VCS and then improve the CPR for concrete.

Keywords: cement based materials; capillary action; sodium sulfate solution (SSS); half immersion;

chloride penetration resistance (CPR)

H I Y S DX AR 22 K A T RO A
IR AP 55 A7 550 A2 A TR i R S T X Y TR o
T I IRBEIR B S % Ab T RS AR TR BE £ 2
FPERE 25 AL 1) A O 5 1Y o P4 s DX iy L L 3R
ZEBERAR E N 1A % $h 2 i B g 1 ] BT = A9
3 TR T5E 1 235 A 4 3t 3 T A7, 18 45 A 1T I 2 B 40 4
B X TR B - A 4R o R SRR T T A AR et X
FAEM] . SR TR BRI Tl AR BE b i HOE
JEE F) PRASE 0] G 0k 40 A7 3 T O e ¢ 5 BOHA A7 4 il
AR S L DU IF 5 B 201 P T 0 7R A R S R Y R
BEMEER,

— BE AT T A AT AR 1R R IR BE -
FE TP RUEAT TR SRR AR A TR BE AR
TR AE PR R B SR T RO B R T 4R
FAF . DAFEVEIE T BRI T R BE A SR
T EARTRAEN (1 Hh A WG A0 B 4 R R
W] B R e ) A7 A N 1 S P9 =6 40 VR R o DA TG
T BT EE TR AREE AT,
ARSI T SRR RIS R TR VA TR R B
TIPS E T BB RE R B MR AR B xR T
BBEAIEIER . GRS X BRI R K
Yetb S it J6 o P B Y BIF 9 45 SR 2R W, TR AR 1Y A7 A
FEAR T 5B TR0 IRE I . A ACE BESE T AE 4
RIS T R Hh e R B L 5B 79l 2
Wi, 245 R 2 W] 2R V0 IR AL R £ 1) S b 2 i T TR B

PUAE T3 B M T 10 52 25 i W 78 J65 e o 31 45
BasRAE A S B A . A DO O £
3 X6 TR S TR IR T S K TR v I R P RE R AT T
GE, GRS U T R B A0 G Dl A B R
Gy & KR8 M I TR Ak S e B A AT ek 55 T
T EE TR ERE., ARG LRV HEE
T T 2 JOF ot PR 5% 14 S ) HL O 0 1 9 O R A 1
FHA R N TR 25 5 . (R B AT S R R B 22
EMHRILFAE P RIRER R R LA S T
BRI 2 W,

BT T R A B A W B AR R T A it
55, SR T U AR R T A0 TR 0 5 L ) RS
FORREWEIE T 60 IR N VA T B A0 L TR L R R
[ 7K K L T 35 a7 8 b %) A G 8 2 9 T 9 A 5
TIREE LA E T B EER, RN FESHE
KB B RV 12 0 785 V0 B AR D 25 SR T B 4l |
TE S E R T3 B AR Z A Y O R AT T AT
Mitie,

1 {EEHMBMZITSH

IKVE T AL W FE TR P O 42,5 3
A Tk R R K 8 5 PR DKL L AN B R RL 2. 950K R A
Vi R s BRI 43 4l L 4l 99. 9% . L R A
WK R Z8 8K

RFERIT SO % 13 T 0. 57 AN
0. 44 WRI KK G, 1% .5 % .10 %63 Fi it B2 4 745 W ¥k



% 34

W ABAR R mAE A TR AR RKREMBRAE THERIR 135

JE AT TR K L 1 b AR ) — it B 30 58 A L 4%
40 mm X 40 mm X 160 mm i % 3 b 352 57 £ 28 d
WA AT AR . R RRE B T C30 il C40
PIRRSE bR 5. 0. 57 F 0. 44 P Fp K K Fe, 5% F
10 2/ 19 e 75 1R M 725 R Ve I [ B X 7K LG g 0. 44 1Y

WA T 5 YRR 3 %0 & Ak o TR B 1 W, LA
o ) T K B P A G W A 3 . C30
H1CA0 TREE 1 52 I A% o 57 7 K 28 d Bt K % B 43
4 32.2.,40. 6 MPa,

F1 KEEMBLEITSH
Table 1 Design parameters for cementitious materials
Na, SO, # il NaCl ¥ Rt 28 d BUE PR/ (g« m— )
B i KR I
WEE/ W/ % WS fou/MPa KR Ik W O
1 D3 1,5,10 0.57 420 239 572 0
2 Dy 1,5,10 0. 44 420 185 572 0
3 Cso-r 5,10 32.2 0.57 325 185 662 1228
4 Cior 5,10 40. 6 0. 44 420 185 572 1273
5 SL 5 3 40.6 0. 44 420 185 572 1273
6 z 15 ¥ 9 7K el 1 W 7K 10.6 0. 44 420 185 572 1273
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Fig. 2 Diagrams for concrete samples half-submerged in

sodium sulfate solution
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Fig.3 Testing results for capillary suction
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Fig.5 Electric flux of chloride ion of concrete with different

grades half-submerged in different concentrations of SSS
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Fig. 6 Comparisons of electric flux of chloride ion

between concretes with different grades
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Fig. 8 Relationship between electric fluxes of chloride ions

and ages for C40 concrete half-submerged in 5% SSS
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half-submerged in different mixed solutions
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