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Abstract: Cast-in-situ underground concrete structures suffer
from both sulfate and sulfate-chloride attack and are also

affected by alternate drying-wetting conditions. Concrete
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specimens were manufactured and immersed in sulfate and
The wetting-drying tests of
concrete specimens were also considered. The size and weight

sulfate-chloride solutions.

changes were recorded and the compressive strength tests
were conducted. The sulfate concentrations in concrete after
different immersion period were measured. The SEM, XRD,
and EDS were also conducted and analyzed to reveal the
degradation mechanism of concrete. The results show that the
existence of chlorides accelerates the degradation of concrete
caused by sulfate attack and the situation becomes ever worse
after wet-dry cycles. The strength of concrete specimens
immersed in sulfate-chloride solutions, experiencing wet-dry
Chloride has a

positive effect on accelerating the diffusion and the

cycles, suffers from remarkable decline.

accumulation of sulfates in specimens subjected to composite
attack, especially in the condition of alternative wet-dry
cycles. The degradation of cast-in-situ concrete due to sulfate
attack can be accelerated by the existence of chlorides. The
chloride ions, in the condition of alternative wet-dry cycles,
accelerate the diffusion and the accumulation of sulfate ions in

concrete.

Key words: geotechnical engineering; cast-in-situ concrete;

sulfate attack; sulfate diffusion; chloride composite attack
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Tab.1 Miner and properties of cement

R/ % Al O3 SO3 TiO; Fe; O3

Na;O+K;0

MgO Cl CaO CGA C4AF

REASE/ % 6.51 1.98 0. 365 2. 06

0. 907 1.85 0. 05 58.5

13.77 6. 26

SRR HOLBR R Bk K G Eh-B R R A A Tk IR
B, A G T BRER A (Na, SO, & S A4l (NaCD) LU
R e B FR AR 2 2 T 7 1 e B K500 5 3 R 13RI 34
h ity E 25 SR AR A FRA F AR 7= AR 43#r 4k
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Tab.2 Mixture proportion of concrete

IKIK 7K/ 7K/ W/ HF/
BEE (kgem™®) (kgem™3) (kgem™3) (kgem™3)

0. 485 175 360 635 1235
BoARRBEET 8 NE ki, 4544 A CK.
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Tab.3 Corrosion conditions of specimens

RS B
CK FE1BK
CCK 3% NaCl
3S 3% Naz SOy
C3S 3% Naz S04 +3% NaCl
58 5% Naz SOy
C5S 5% NazSOs+3% NaCl
10S 10% Naz SOy
C108 10% NazSO4+3% NaCl
T VR 3 Ak 2 A 3R ) 43 I 7E 1.2.3.4. 5.6,
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Fig.1 Comparison of specimen diameters in sulfate or

composite solutions versus time
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Fig.2 Comparison of specimen diameters in

composite solution versus time
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Fig.3 Comparison of specimen weights in sulfate or

composite solutions versus time
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Fig.4 Comparison of specimen weights in composite

solutions versus time
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Fig.5 Compressive strength of specimens versus

time in distilled water and chloride solution
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Fig.6 Compressive strength of specimens versus time

in 3% sulfate solution and composite solution
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Fig.7 Compressive strength of specimens versus time

in 5% sulfate solution and composite solution
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Fig.8 Compressive strength of specimens versus time

in 10% sulfate solution and composite solution
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Fig.9 Sulfate concentration of specimens versus time

in distilled water and chloride solution
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Fig.10 Sulfate concentration of specimens versus time
in 3% sulfate and composite solutions
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Fig.12 Sulfate concentration of specimens versus time

in 10% sulfate and composite solutions
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Fig.15 XRD traces of specimen in sulfate solution
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