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Influence Mechanism of Admixtures on Strength of High Volume Fly Ash

LIU Yang', YANG Jie"*", YUAN Heping"*, LU Naiwei', LUO Dong'"
(1. School of Civil and Environmental Engineering, Changsha University of Science & Technology, Changsha, Hunan 410114, China; 2. Key
Laboratory of Bridge Engineering Safety Control of Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: This paper investigated the effects of nano-silica (NS), metakaolin (MK), and silica fume (SF) as
supplementary cementitious materials on the compressive strength of mortar with high volume fly ash. Through
a comparative analysis, the study established the influence patterns of single and combined additions of various
cementitious materials on the compressive strength of the mortar. The microstructure and reaction mechanisms
of the specimens were analyzed using methods such as scanning electron microscopy (SEM), X-ray diffraction
(XRD), and thermogravimetric analysis (TG). The results indicate that when NS or MK is used alone, the
compressive strength of fly ash mortar at 28 days increases and then decreases with the increasing dosage. In
contrast, when SF is used alone, the compressive strength of the fly ash mortar increases with the increase in SF
content. When NS is combined with MK or SF, both exhibit good synergistic effects, and the strength of mortar
with various mix ratios shows a certain improvement compared to the single addition groups at the same curing
age. Whether used in combination or alone, NS, MK, and SF all effectively enhance the compressive strength of
mortars with high volume fly ash. Among them, the combination of 5% NS and 15% SF (N5S15) achieves the
highest compressive strength, exceeding that of the pure cement mortar group at 7 days, 14 days, and 28 days,
with a maximum strength of 42.32 MPa at 28 days. Microscopic test results indicate that the increase in
strength of the mortar specimens is closely related to the hydration products within the specimens, with higher
strength specimens containing a richer array of hydration products such as hydrated calcium silicate and

hydrated calcium aluminate.
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Table 1 Main chemical composition of cement, fly ash,
and other admixtures
b2k %
Si0, Ca0 ALO, Fe,0, MgO SO, K,0 il

i A e

OPC 21.6  61.7 4.6 3.9 3.1 29 09 1.3
FA 57.1 48 213 6.8 1.9 06 23 52
NS 99.8 — — — — — — 0.2
MK 53.6 0.7 38.2 2.1 0.2 01 08 43

SF 89.6  — — 0.9 — — 1.6 7.9
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Table 2 Physical properties of P-O 42. 5 cement
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Figure 1 XRD spectra of fly ash, nano-silica, metakaolin, and silica fume
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Table 3 Experimental mix proportions for high volume fly ash

N HorE/0
BB FAUHB R AR T/
4% OPC FA NS MK SF ’ﬂiﬁk o mm
2l
O 10 0 0 0 0 220 010 035 70
F 30 70 0 0 0 220 010 035 69

N2.5 30 70 2.5 0 0 220 0.20 0.35 62

N5 30 70 5.0 0 0 220 070 0.35 78

N7.5 30 70 7.5 0 0 220 1.10 035 63

M5 30 70 O 5 0 220 0.5 035 75

M10 30 70 0 10 0 220 0.20 0.35 65

MI15 30 70 0 15 0 220 0.25 0.35 66

S5 3070 0 0 5 220 0.20 035 79
S10 30 70 0 0 10 220 0.25 035 67
S15 30 70 0 0 15 220 030 035 71

N5MS 30 70 5.0 5 0 220 0.75 0.35 70
N5M10 30 70 5.0 10 0 220 080 0.35 73
N5M15 30 70 5.0 15 0 220 085 035 68
N5S5 30 70 5.0 0 5 220 080 0.35 73
N5S10 30 70 5.0 0 10 220 085 0.35 80

N5S15 30 70 5.0 0 15 220 090 035 78
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Figure 2 Compressive strength comparison of cement

group, fly ash group, and single-NS group
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Figure 3 XRD spectra of O, F, and N5 groups
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Figure 5 Compressive strength comparison of O, F,

single-MK and single-SF groups
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Figure 6 XRD patterns of M10 and S15 groups
(curing age: 28 days)
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Figure 8 Compressive strength comparison of O, F,
and combined addition groups
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