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Effect and Mechanism of Salt Spray on Properties of

Coral Aggregate Concrete Structure
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Abstract; For the leaching damage of seawater coral aggregate concrete caused by salt spray effect in the
tropical marine environment, research of carol aggregate concrete structures in South China Sea was con-
ducted. The physical and mechanical properties, micro-pore structure deterioration analysis were carried
out. The results show that serious erosion damage exists on the coral aggregate concrete protective layer
exposed to salt spray environment. The little pores are transformed into larger harmful pores and the po-
rosity increased obviously, which leads to harsh decrease in the quality, strength properties of the con-
crete. It is also found that the cementious structure of coral aggregate concrete is seriously damaged. The
loss of C-S-H and Ca(OH), is serious, and the non-cementation products like Mg(OH), increases. This
investigation result is of important scientific guidance for the design of construction technology of coral ag-
gregate concrete,as well as for its long-term operation and maintenance.
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Table 1 Coral aggregate concrete mix proportion in the early 1990s
Sample Mix proportion/(kg « ecm™*) w(reeh) / Strength/MPa Dry apparent
i p Water my /me / density/
position . . % . . ST . .,
Cement Water Sand  Reef gravel Compressive  Splitting tensile (g« cm™*)
Breakwater of _
. Seawater 580 311 790 269 0. 54 ~26 22. 0-34. 0 1 782 40 1 86-2 10
harbor basin
L2 6. 8 mm X 6, 8§ mm X
s HZ-250 10. 0 mm MIP .
$100 X 350 mm ,
’ ¢50 b ’
X100 mm ,
JGJ 51—2002( s 24 h , 45°C
60 C , ., 0.075 mm
RMT-150C , X (XRF)
] 7 da H - (TG/
, ( ) 1 3%. DTA) )
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Fig. 1 Corrosion characteristics of coral aggregate concrete
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Table 3  Test results of uniaxial compressive strength of coral
2 aggregate concrete of breakwater
1
s | Distance from Peak Axial strain/ Elastic
. ample surface/mm  stress/MPa (mm +* m ') modulus/GPa
’ ’ D8-3 0-100 3. 00 6. 15 0. 28
50/, _9K0
’ ’ 1506~25%. D§-2 100-200 5. 83 8 17 171
2 D§-1 200-300 9. 91 4,55 3. 47
Table 2 Dry apparent density of coral aggregate concrete of breakwater
D6-3 0-100 6. 26 10. 22 1 08
Distance  Dry apparent Distance  Dry apparent D6-2 100-200 17. 43 6. 09 5. 69
Sa density/ density/
Sample frorr/x ensi }:/’ Sample from ensi }:/ D6-1 9200-300 20, 98 6 44 6 10
surface/mm (g e+ cm™*) surface/mm (g cm™*)
D3-3 0-100 4. 88 6. 44 1. 30
D2-3 0-100 L75 D6-3 0-100 L 70 D3-2 100-200 10. 91 6. 21 2. 55
D2-2 100-200 1L 79 D6-2 100-200 1. 75 D3-1 200-300 16. 05 6. 36 4 72
D2-1 200-300 1L 79 D6-1 200-300 177
D3-3 0-100 1. 67 D8-3 0-100 1. 58
D3-2 100-200 L 71 D8&-2 100-200 1. 67
D3-1 200-300 1L 75 D8-1 200-300 1. 70
23
3
, 2 - 3
b
’ b
[} D) [s-0] ) 2 —
D&-3 0. 28 GPa. 2 D8&-3 Fig. 2 Stress-strain curves of coral aggregate concrete
B of inner breakwater
b b
“
b b
~ ’ 3 ( d) ) ? ) ) H
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Fig. 3 Destructive characteristics of coral aggregate concrete in uniaxial compression test
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4 Fig. 5 Porosity distribution of coral aggregate concrete

in different depths
Fig. 4 Changes in total porosity at different depth s
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Fig. 6 SEM images of coral aggregate concrete
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Table 4 Results of EDS of coral aggregate concrete  w/% Ca »95~200 mm Ca
0~60 mm , 200 ~300 mm
Position C O Na Mg Al Si S Cl Ca )
Ca*
1 12, 7254. 67 1. 17 6. 04 447 2.09 3 72 5 05 10. 07 5 0~60 mm Mg2+
2 13935437 L 11 6.16 474 1L 72 2 96 4 68 10. 32 9t
) 95 mm Mg’
24 2 s
X Mg*" , Ca(OH),,C-S-H
, 5 , Mg(OH), ,M-S-H

,0~60 mm , Mg?" R
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100 mm , Mg~ 7(a) )
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95~100 mm Mg** , 40~100 C,
Mg 100 mm el ,DTA
) S 5 7(b) ,0~40 mm
s Mg s s s 0~40 mm
100 mm .S - Mg ’
S SO, ,40~100 °C
100 mm :41~47 mm>36~40 mm>14~35 mm
Mg?* SOE >7~13 mm>0~6 mm. C-S-H,
,S(,)%7 MgH. 110’\’170 0C [16] . 7(&)
5 Cl* MgZ' s ’ 7(b)
’ 1) 41’\’
(<30 mm)  Cl° : 47 mm
30 mm LClI™ ,36~52 mm Cl™ 40 mm ’ 0~40 mm
C-S-H. .
,ClI™ i, 52 mm ’ 41 mm
,Cl ,100~200 mm, 200~ 300 mm
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Table 5 Chemical component analysis of coral aggregate . 1\/[g(OI—I)2 330~ 420 °ClLi-sl s
concrete in different depths w/ % 0~47 mm 300 °C
Distance/ \ 0 Mg0 ALO, SO, CaO Fe,0, SO, €I CO, ’ Mg*
mm
0-6 217 4,48 3,91 11.8935 95 1L 95 0. 73 1 16 36. 80 Mg(()H)g , 2.4 2
7-13 240 4.74 3,96 11. 7435 53 1. 89 047 1. 17 37 24
’ ;Ca(OH), 450~550 CLo2
14-19 2,41 5 33 3. 77 11. 4134 35 1.78 0.56 1 25 38 22
Mg(OH), Ca(OH),
20-24 236 482 3,99 11. 7034 57 1. 92 0. 44 1. 10 38 16
2529 246 4 78 4.20 12 2334 79 1. 95 0 54 1 12 37 01 s+ 7(b) 0~40 mm
30-35 248 605 3 96 11 6134 05 182 0,46 1 33 37 43 s 4l ~
36-40 3. 11 7.87 4. 84 141129 93 2 37 0.51 1 69 35 63 47 mm s 41 ~
41-47 2.76 8 01 4 65 13 233069 2 16 0.55 1 66 36, 37 47 mm Mg(OH), Ca(OH),
4852  2.56 7.01 3 67 12 433419 2 05 0,45 1 65 35 47 0~40 mm 2 )
52-60 213 6. 07 405 12 733469 2 12 0.50 1 45 36. 67
0~40 mm
95-100 1. 94 2 14 4 07 13 2237 41 2 03 1 63 1 38 35 42
41~47 mm
100-200 1. 51 1. 69 4. 44 14. 1738 89 2 30 1 32 0. 85 34. 01 .
, _ . 550~640 C
200-300 0. 65 1. 80 2 91 10, 7847.45 1. 69 1 49 0, 87 31 54
, , 7(b) s
243 M-S-H L2,
DTG-60 - 7(a) 640 ~
, 7 760 °C , )
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