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The Degree of Hydration and Mechanical Properties of High Volume Fly Ash
Cement

Soo-Won Cha', Young-Cheol Choi’*

Abstract: Recently, there has been a growing interest in reducing greenhouse gases in all industrial fields. In the construction industry, studies have
been conducted for the use of high-volume fly ash concrete to replace cement with fly ash. Quantitative measurements of cement hydration and fly
ash reactivity enable a clear understanding of the strength development mechanism of high-volume fly ash concrete. It is very difficult to describe the
reactivity in a simple way because the hydration and pozzolanic reactions of cement paste containing fly ash are very complex and the composition
of the hydration product cannot be accurately determined. This study investigated the hydration and mechanical properties of high volume fly ash
(HVFA) cement according to the substitution rate of fly ash (FA). The hydration degree of cement and the reactivity of FA were evaluated through
the selective dissolution method and the non-evaporable water content of the paste according to age. In addition, compressive strength was measured
using HVFA mortar specimens according to age. As a result of the experiment, as the substitution rate of fly ash increased, the hydration degree of

cement increased, but the reactivity of FA decreased.
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Table 1 Chemical compositions and physical properties

Chemical Compositions (%)

OPC FA
Ca0 63.6 5.5
Si0, 20.7 54.2
MgO 1.5 22
AlLO; 5.0 21.9
SO; 0.9 0.5
Fe,03 3.6 8.0
Na,O 0.4 0.6

Physical properties

Density (g/cm®) 3.13 246

Blaine (cm?/g) 3560 3460

v o Gypsum = C;S
vy Quartz e CS
O Mullite o CsA
< Magnetite 0 C,AF

5 15 25 35 45 55 65 75
Position [°20]

Fig. 1 XRD patterns of OPC and FA
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Fig. 2 Particle size distributions of OPC and FA
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Table 2 Mix proportions of specimens

. OPC FA Water Sand
Specimens | W/B | ) © © ©
Plain 1,000 0 300 1,700
F35 650 350 300 1,700
F50 03 500 500 300 1,700
F65 350 650 300 1,700

= =42 1S0 67990 wel 3, 7, 28, 56,
91 Aol Y3t H T BEELE Al A= WA 3] Aol
o3| 27| 2 Eelsta o, EelE AlgAe tis) dFAEE
Skt AHERE 67 A FA ] F=E 43k, 1%
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A3} F4 N7 S
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RD,..—RD.P
4 paste C
ar=1 RD,P, M

Aq71A, a,i= FAS] RESE, P, P 2H2E ZA viRlE tiv]
OPC,FAS] % ¥8&, RD,,,,,, RD., RD;= 274+ &3 &
Ho]2~E, OPC, FAS] ZH7-E2] Hlo|th. o] ATl A= RD,,
RD,Z Z}7}0.0093, 0.9305 % 3F93th.

FAQ| W8 =5 274317 913 OPC, FA 3 ~51€ FA A9l
E Ho]2E9| B84 JIRES JA24 §A9E o] 835t
SA3FH tHLam et al., 2000). 284 FFESHS Al 1 ¢
of B ARE 9 g2 FA24HH 60 mlo] HighEol a1 oF
20 £ 5ok Wik o] F 40 mle] SRS TR o2 A
7Fta EFES FUIE 45 ¥ 5o A% adsith £
< AR5 Fa) g F AxZo|A AXS T FFES]
Zaki zz-l:‘].odq.
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3} o] A3 4= Utk
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Fig. 3 Penetration results of Vicat needle
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Fig. 5 Residue of paste after acid dissolution
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Fig. 10 Strength increase of specimens after 7 days
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