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Evaluation of the Performance of Fly Ash and Calcium Carbide Slag in Improving the Properties of Expansive Soil
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Abstract: To reduce the consumption of Portland cement in high — performance concrete (HPC), 40% of the cement was
replaced with fly ash of varying calcium content and fineness. The effects of Grade I high — calcium fly ash (HFA), low -
calcium fly ash (LFA), and Class I fly ash ( I FA) on the compressive strength, chloride ion permeability coefficient, water
absorption rate, and cumulative hydration heat evolution of HPC. Residual calcium hydroxide content was analyzed via XRD.
The results indicate that substituting 40% cement with HFA or LFA enables HPC production, with 90 — day compressive strength
increasing by 8. 6% and 13. 8% respectively compared to the control group. HFA promotes early strength development, while
LFA yields higher long — term strength. The addition of fly ash improved the chloride ion permeability resistance and reduced the
water absorption rate of HPC, with fineness having a more significant impact than calcium oxide content. Fly ash significantly

reduced the hydration heat release, with LFA exhibiting lower heat release than HFA, and fineness only affecting the early heat
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release rate. LFA contained higher amorphous silicoaluminate glass phase than HFA | enabling complete consumption of cement

hydration calcium hydroxide to form C— (A) —S—H gel, resulting in the lowest residual calcium hydroxide content. These

findings provide a basis for substituting cement with different types of fly ash.

Key words: fly ash; calcium oxide; high — performance concrete; compressive strength; chloride ion permeability coefficient;

hydration heat
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Table 1 Main chemical components of fly ash

and calcium carbide slag / %

MEZFE Si0,  ALO;  Fe,04 Ca0 S0, MgO  Na,O
KR 21.4 4.6 3.8 62.3 2.5 1.6 0.4
HFA 26. 1 13.5 22.4 28.2 4.6 1.8 0.3
LFA 62.5 24. 1 6.4 2.4 1.1 0.7 0.6

I FA 42.2 20. 8 16.2 12. 6 1.9 3.3 0.9
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Table 2 HPC mix ratio / (kg/m®)

45 JKI@ HFA LFA  TTFA #®H & Wk
P00 560 1033 622 11.2
H40 336 224 1033 622  11.2
140 336 224 1033 622 11.2
H20F20 336 112 112 1033 622 11.2
120F20 336 112 1121033 622 11.2
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Fig.1 Compressive strength of HPC with different fly ash content
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Fig.2 Chloride ion permeability coefficient of
HPC with different fly ash content
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Concrete Preparation and Performance Study of Solid Waste — based Cementitious Materials and
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Abstract: To promote low — carbon and sustainable development in the mortar industry, this study investigates the design
principles and key parameters for binary cementitious mortar mix proportions using solid waste — based cementitious materials and
a dual — component cementitious system where fly ash replaces solid waste — based cementitious materials. Mortar with strength
grades ranging from M10 to M50 was prepared and tested by controlling cementitious material dosage and water content. The
results showed that both cementitious material dosage and water content influence mortar consistency and compressive strength,
with cementitious material dosage exerting a more significant effect than water content. During mortar preparation, cementitious
material dosage must not be excessively low, and water content must not be excessively high, otherwise pronounced bleeding will
occur. The fly ash replacement rate significantly affects mortar consistency and compressive strength. Increasing replacement
rate enhances consistency but reduces compressive strength, exerting a pronounced negative effect on early — stage strength.

When cementitious material content is low and fly ash replacement reaches 50% , early strength becomes excessively low,
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