
 

712 | P a g e  

 

STUDY OF FLY ASH AS A SUPPLEMENTARY 

MATERIAL IN ORDINARY PORTLAND CEMENT 

CONCRETE 

HARMEET
 

 
M.Tech. Student (Civil), Bahra Institute of Management and Technology, Chidana, Haryana 

 

ABSTRACT 

Fly ash produced in modern power stations of India is of good quality as it contains low sulphur & very low 

unburnt carbon i.e. less loss on ignition. So as to make fly fiery remains accessible for different applications, a 

large portion of the new warm power stations have set up dry fly slag departure and capacity framework. In 

this framework fly fiery remains from Electrostatic Precipitators (ESP) is emptied through pneumatic 

framework and put away in storehouses. From storehouses, it can be stacked in open truck/shut tankers or 

can be packed away through reasonable sacking machine. The period of foundation expanded in late year, so 

the headway of solid innovation misrepresented step by step throughout everyday life. Utilization of cement 

misrepresented the utilization of regular assets and vitality sources. The past couple of years, some bond 

firms have begun abuse fiery debris in delivering concrete called water powered bond, in any case, the usage 

of powder remains awfully low. There's painfully open door for the fly fiery remains in bond in like manner 

as in concrete. 
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INTRODUCTION 

Portland cement is an essential component of concrete, and India currently produces about 310 million tons of this 

material annually; the manufacturing of Portland cement in India directly results in the emission of over 250 million 

tons of CO2 annually. Without the presentation of new innovations and practices to utilize bigger extents of 

supplementary solidifying materials (SCMs, for example, fly fiery remains, either straightforwardly in solid 

generation, or through the expanded utilization of mixed bonds consolidating critical rates of SCMs, the creation of 

common Portland bond, will increment fundamentally in India to take care of the quickly expanding demand from 

the solid business. Subsequently, this would convert into a critical increment of CO2 outflows. Leaving the waste 

materials to the earth specifically can cause natural issue. Henceforth the reuse of waste material has been stressed. 

Waste can be utilized to create new items or can be utilized as admixtures with the goal that regular assets are 

utilized all the more proficiently and the earth is shielded from squander stores. These modern squanders are 

dumped in the close-by arrive and the regular fruitfulness of the dirt is ruined. Fly fiery debris is the finely separated 
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mineral deposit coming about because of the burning of pounded coal in electric power creating warm plant. Fly 

fiery debris is a valuable mineral admixture for concrete. It impacts numerous properties of cement in both crisp and 

solidified state. In addition, usage of waste materials in bond and solid industry diminishes the ecological issues of 

intensity plants and reductions power age costs. Bond with fly powder decreases the penetrability of concrete and 

thick calcium silicate hydrate (C-S-H). Research demonstrates that adding fly powder to concrete, as a fractional 

substitution of bond (under 25%), will profit both the crisp and solidified states. While in the crisp express, the fly 

cinder enhances usefulness. This is because of the smooth, round state of the fly fiery remains molecule. The small 

circles go about as a type of metal roller that guides the stream of the solid. This enhanced functionality takes into 

account bring down water-to-bond proportions, which later prompts higher compressive qualities. 

 

LITERATURE REVIEW 

Maslehuddin et al (1989) carried out investigations to evaluate the compressive strength development and 

corrosion-resisting characteristics of concrete mixes in which fly ash was used as an admixture (equal quantity of 

sand replacement). Solid blends were made with fly fiery remains increases of 0%,10%, 20%, and 30%, and water-

bond proportions of 0.35, 0.40, 0.45, and 0.50. In light of the test outcomes, they reasoned that expansion of fly fiery 

remains as an admixture builds the early age compressive quality and long haul erosion opposing attributes of 

cement. The better execution of these blends analyzed than plain cement blends was credited to the densification of 

the glue structure due to pozzolanic activity between the fly powder and the calcium hydroxide freed because of 

hydration of bond.  

 

Ghafoori et al. (1997) did examinations on a progression of research center made roller compacted cements (RCC) 

containing high-calcium dry base powder as a fine total. Solid examples of six unique extents (bond substance of 

188-337 kg/m3)and coarse total substance of 1042-1349 kg/m3) were set up at their ideal dampness content and 

created as per ASTM C 1170 Procedure A. Examples were tried for pressure, part strain, drying shrinkage, and 

protection from scraped area and fast solidifying and defrosting. In light of the test outcomes, they presumed that 

great quality, firmness, drying shrinkage and protection from wear, and continued solidifying and defrosting cycles 

can be gotten with compacted cements containing base fiery debris.  

 

Hwang et al. (1998) inspected the impacts of fine total substitution on the religious philosophy, compressive quality, 

and rate of carbonation of mortars of water to Portland concrete proportion of 0.3, 0.4, and 0.5, in which the fine 

total was supplanted with fly fiery debris at 25% and half levels. Test outcomes demonstrated that religious 

constants expanded with higher substitution level of fly fiery remains and that, when water to Portland bond 

proportion was kept up, the quality advancement and carbonation properties were progressed.  

 

Bakoshi et al. (1998) announced the utilization of base powder in measures of 10-40% as swap for fine total, test 

comes about showed that the compressive quality and rigidity of base slag concrete by and large increments with the 
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expansion in substitution proportion of fine total and relieving age. The freezingthawing opposition of solid utilizing 

base fiery debris is lower than that of standard cement and scraped spot obstruction of base powder concrete is 

higher than that of conventional cement.  

 

Suresh (2001) detailed that there is a basic need to deliver additionally assembling material for different components 

of development and the part of option and inventive choices would come into sharp concentration, thinking about 

the short supply, expanding expense and vitality and condition contemplations for customary and regular materials. 

The likelihood of utilizing inventive building materials and advancements, all the more so covering waste material 

like fly fiery remains have been considered as a felt require. Arrangement of institutional help for arrive, for arrive, 

back, administrative, media, showcasing support, testing backing and mindfulness creation would be required and a 

portion of the current activities would need to be generously fortified, all the more critically, enterprise for the 

generation of fitting fly fiery debris based walling, material and ground surface materials including Portland 

Pozzolana Cement and different bonds to accomplish better quality, vitality sparing, protection of normal assets 

other than cost productivity, would need to be progressively bolstered and created.  

 

Siddique (2003) found that the expansion in quality with fly fiery remains supplanting fine total, be that as it may, 

the rate of increment of quality abatements with increment in fly powder content. At half substitution of fine total by 

fly slag, the compressive quality of cement expanded by 51.5 and 67.1% at 28 and 365 days individually.  

 

Li and Zhao (2003) found that the quality of high volume fly fiery remains concrete is not as much as that of cement 

without fly powder, notwithstanding, following multi year, the quality of previous was more prominent for 20% 

substitution of bond by fly cinder. Compressive quality of fly fiery debris concrete (FAC) at 40% bond substitution 

was 8% progressively that of cement without fly cinder.  

 

Oner et al. (2005) found that the quality of fly fiery remains concrete is influenced by a few elements viz. sort of 

bond, nature of fly powder and relieving temperature. Concrete containing class F fly fiery remains may create bring 

down early quality; in any case, it gives higher extreme quality, if appropriately restored. Moderate pick up of 

quality is expected to generally moderate pozzolanic activity of fly fiery remains. It is accounted for that quality of 

fly cinder solid increments with measure of fly fiery debris up-to an ideal esteem (i.e. around 40% of bond) and 

from that point diminishes with expanding fly slag division. 

 

FLY ASH IN CEMENT CONCRETE 

 

Fly ash is a finely divided residue resulting from the combustion of pulverized coal (bituminous or sub-bituminous) 

in a thermal power plant. Indian coals have on an average 45% ash content. The creation of fly cinder was 290 

million tons by 2017. Research work of expansive number of offices in the nation and real usages abroad has shown 
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worth of fly fiery remains. In any case, might be because of absence of neighborhood encounter, usage of fly fiery 

debris did not get in India, till a couple of years prior. Fly Ash Mission, set up by Government of India in 1994 is 

giving an engaged push to create neighborhood encounters and along these lines developing of trust in techno-

financial practicality of fly fiery remains uses and in addition safe transfer of un-used powder. Universally fly fiery 

remains is considered as a side-effect which can be utilized for some applications. Fly powder is one of the deposits 

produced in ignition, and involves the fine particles that ascent with the pipe gases. Fiery remains which does not 

rise is named base cinder. In a modern setting, fly powder for the most part alludes to fiery remains created amid 

ignition of coal.  

 

Fly fiery debris is by and large caught by electrostatic precipitators or other molecule filtration gear's before the vent 

gases come to the fireplaces of coal-let go control plants and together with base slag expelled from the base of the 

heater is for this situation mutually known as nearby powder. Contingent on the source and cosmetics of the coal 

being scorched, the segments of fly fiery debris extensively, however all fly cinder incorporates generous measures 

of silicon dioxide (SiO2) (both undefined and crystalline) and calcium oxide (CaO), both being endemic fixings in 

numerous coal-bearing rock strata. Fly fiery remains comprises of fine, fine particles that are prevalently circular fit 

as a fiddle, either strong or empty, and generally polished (shapeless) in nature. The carbonaceous material in fly 

fiery remains is made out of precise particles. The molecule measure dissemination of most bituminous coal fly fiery 

remains is for the most part like that of a residue (not as much as a 0.075 mm). In spite of the fact that 

subbituminous coal fly fiery debris are likewise sediment measured, they are for the most part marginally coarser 

than bituminous coal fly powder. The particular gravity of fly powder as a rule runs between 2.1 to 3.0, while its 

particular surface territory (estimated by the Blaine air penetrability technique) may extend from 150 to 1000m2/kg. 

The shade of fly fiery remains can differ from tan to dark to dark, contingent upon the measure of unburned carbon 

in the slag. Lighter the shading, the lower the carbon content. Lignite or sub-bituminous fly slag are generally light 

tan to buff in shading, demonstrating moderately low measures of carbon and additionally the nearness of some lime 

or calcium. Bituminous fly fiery remains are normally some shade of dim, with the lighter shades of dark for the 

most part demonstrating a high caliber of slag. 

 

 

(a)                                                             (b)                                                                    (c) 

Fig. 1: Different Types of Fly Ash 
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STABLIIZED MUD FLY ASH BRICKS 

 

Compacted mud fly ash blocks stabilized with lime, cement or other chemicals can be easily made. The problem of 

getting dry fly ash at the site, makes adoption of this technology somewhat difficult From July 1, irrespective of 

location of government buildings it had been made compulsory to meet 50% of brick requirement in government 

buildings from fly ash bricks. The notification has been issued to improve the utilization of fly ash in the State. (The 

Hindu news 22 July 2013) Fly ash can also be used for making a variety of building products, some using simple 

low cost processes and others involving high investment processes high quality walling material. The present state 

of art in manufacture of fly ash products is outlined below.  

 

 

Fig. 2: Stabilized Mud Fly Ash Bricks 

 

POZZOLANA PORTLAND CEMENT 

 

Up to 25% of suitable fly ash can directly be substituted for cement as blending material. Addition of fly ash 

significantly improves the quality and durability characteristics of resulting concrete. In India, present cement 

production per annum is comparable to the production of Fly Ash. Hence even without enhancing the production 

capacity of cement; availability of the cement (fly ash based OPC) can be significantly increased. 

 

FLY ASH with OPC and PPC Fly ash that meets the strength requirement of grades M20, M25 and upto M60 

concrete’ such concrete will develop acceptable early age’s strength, higher strength at later ages, and significantly 

lower chloride-ion penetrability compared to control concretes of similar grade made with OPC only. The extensive, 

but fragmented research on Fly ash concrete, which has been carried out in various parts of the world has been 

reviewed in this paper.  
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CONCLUSIONS 

Cement is replaced by the 15-35% fly ash in the concrete mix. Fly ash increases concrete strength, improves sulfate 

resistance, decreases permeability, reduces the water ratio required, and improves the workability of the concrete. 

Partial substitution solid hazardous waste does not strongly affect the strength of concrete and other properties. This 

mixed lightweight concrete is safe enough to be used in sustainable environmental applications, like roadbeds, 

filling materials etc. In case of the reinforced concrete elements, after 200 days, the long term deflections attenuated 

and the crack pattern remained unchanged. Based on the level of observations recorded so far, high performance 

concrete is suitable for long term loading. However, the research is to be continued with the study of other 

parameters of influence, such as: the age of the loading, the ratio of loading, the reinforcing ratio and so on. 
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