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Effect of Chemical Composition of C-S-H on Concrete Durability
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This paper describes the effect of Ca/Si molar ratio of C-S-H on concrete durability. Concrete durability depends
on the physical and chemical properties of concrete. The physical and chemical properties of concrete are affected by
the kinds and amounts of hydration products. C-S-H is dominant hydration product. And, Ca/Si ratio of C-S-H
depends on types of mineral admixtures, mixture proportion and curing period. Therefore, it is important for esti-
mating of concrete durability to clarify the properties of C-S-H. In this study, physical properties, such as density and
surface area, of C-S-H with various Ca/Si ratios were measured. And chemical properties, such as chloride binding
capacity and releasing due to carbonation were also measured. From the experimental results, physical and chemical
properties of C-S-H depend on Ca/Si ratio. Based on these results, the effect of Ca/Si ratio of C-S-H on concrete dura-
bility, such as chloride diffusion and chloride binding was examined. The durability of blended cement concrete can
be explained qualitatively in consideration of Ca/Si ratio of C-S-H.
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Table 1 Materials properties.

Binder Density Blaine Chemical compositions (%)
(g/em’) (cm%g) | igloss | SiO, | ALO; | Fe,0s | CaO | MgO SO; | Na0 | XK,0
Cement 3.17 3090 0.53 20.98 5.28 2.63 64.64 211 2.00 0.25 0.55
Slag 290 4190 0.90 33.19 | 13.62 022 42.24 5.92 2.03 023 027
Flyash A 2.14 3535 0.24 53.20 | 27.80 415 549 1.50 0.67 128 125
Fly ash B 225 3447 546 |°51.30 | 22.80 9.87 425 1.19 0.40 0.45 1.36
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Table 2 Wet-dry cycle of accelerated deterioration test.

Method A Air NaCl Air NaCl
4days | 3days | 4days | 3days
Method B Air Carbonation NaCl
4days Tdays 3days

Air - Temperature20°C, R.H.60%
NaCl -+ Immersion in 3.5%NaCl solution
Carbonation **+ 5%C0Q,, Temperature20C, R.H.60%
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Fig. 2 XRD patterns of synthesized C-S-H.
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Table 3 Chemical compositions of synthesized C-S-H.

Target Chemical composition (%) Obtained Obtained Obtained Density 8V
Ca/Si rartio CaO Si0, H0 Ca/Si rartio H,O/8i0, ratio | H,O/CaO ratio (g/em®) (%)
0.50 27.0 49.1 239 0.59 1.62 2.75 1.84 -7.95
1.00 36.0 39.7 243 0.97 2.04 2.10 1.93 -3.91
1.50 43.7 30.2 26.1 1.55 2.89 1.86 2.11 2.54
2.00 46.3 26.8 26.9 1.85 3.35 1.81 2.08 0.07
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Fig. 3 Specific surface area of synthesized C-S-H.
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Fig. 4 Density of synthesized C-S-H.
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Fig. 10 Diffusion coefficient of non-carbonated mortar.
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Table 4 Pore volume of mortar specimens after wet-dry cyclic test.

Method A (Non-carbonated) Method B (Carbonated)
OPC Slag 50 Fly ash A 30 OPC Slag 50 Fly ash A 30
Total pore volume (cc/g) 0.0384 0.0368 0.0521 0.0353 0.0557 0.0448
Capillary pore volume(cc/g) 0.0281 0.0169 0.0277 0.0228 0.0381 0.0339
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Table 5 Penetration rate of method B to method A %).

OPC Slag 50 Fly ash 30
Test result 61.5 134.3 109.1
Calculation 61.2 148.6 60.8
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