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Abstract— The utilisation of flyash in various non-structural 

applications is appreciable. There is an advantage of high 

calcium content in flyash that it behaves more cementitious 

than pozzolanic compared to class F ash. At the same time, 

as there are certainly variations in the properties of NLC 

flyash, variational composition of the chemical compounds 

should be found out, thorough research studies is essential 

for establishing the utilisation of high volume of high 

calcium flyash in structural concrete. The present work is 

aimed on the bulk utilisation of class C flyash for structural 

concrete applications. Conventional concrete grade of M30 

is designed by Indian method of mix design and based on 

the seventh day strength of trial mixes; an optimum trial mix 

proportion is arrived and validated for its workability 

characteristics and twenty eighth day compressive strength. 

Partial replacement of cement with class C flyash is aimed 

upto 90%. Concrete mixes having 50%, 60%, 70%, 80% and 

90% cement replacement by weight of flyash are 

considered. Including the reference concrete without flyash 

and in parallel, with and without plasticizers totally, twelve 

types of concrete mixes are tried initially for experimental 

study. As the compressive strength results of 70%, 80% and 

90% cement replacement with flyash are not encouraging, 

only the 50% and 60% cement replacement levels with 

flyash are considered for further study. In addition flyash 

replacement by silica fume is also planned by 10% and 20% 

respectively for both the replacement levels and without and 

with plasticizers. Therefore from the adequately decided 

total mix of twenty, only fourteen different concretes are 

considered for further thorough studies. 
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I. INTRODUCTION 

NLC with annul mining capacity of 24 million tons of 

lignite and a power generatingcapacity of 2490MW 

produces 1.20 million tons of class C flyash. 60% of this ash 

isdisposed as slurry to ash ponds and the rest in to dry ash 

form. Government of TamilNadu has made it mandatory 

that all the bricks, tiles and block manufacturers 

situatedwithin a radius of100 km from the TPSs to utilize 

atleast 25% flyash in their products.NLC also established a 

precasting yard in 1980 for utilization of flyash. It utilizes 

around 12% of flyash that includes sales. For all 

construction activities in NeyveliTownship the replacement 

of 20% of cement with the 27.5% of ash by weight resultsin 

savings of 350 tons of cement. Flyash based blocks and 

bricks are manufactured.They have compressive strength of 

4 to 5MPa.The utilisation of class C flyash is very much 

limited and not so recommended forstructural concrete. 

Also, only limited studies have been reported that too only 

relatedto low calcium flyash based concrete. In TPSs of 

NLC situated very nearer toAnnamalai University, a good 

quantum of high calcium flyash is annually producedwhich 

is a nuisance to the public and environment. As there is an 

advantage of highcalcium content that it behaves more 

cementitious than pozzolanic, at the same timethe 

variational composition of the chemical compounds, 

thorough research studies areessential for establishing the 

utilisation of high volume of high calcium flyash 

instructural concrete. 

II. OBJECTIVES 

The salient objectives of the present study have been 

identified as follows: 

1) The main objective of the present work is to develop 

structural concrete.  

2) The determination of the possibilities of directly using 

the flyash replacing a high % of cement 

3) The scope of the present work is limited to the 

feasibility study  

III. NEED FOR THE PROPOSED WORK 

Necessity and importance of the study on bulk utilization of 

high calcium flyash in structural concrete. 

1) Strength and durability characteristics 

2) Analysis and discussion on the investigation. 

3) Decrease the cost of making concrete. 

4) The qualitative and quantitative conclusion. 

IV. LITERATURE REVIEW 

Chindaprasirt et al (2007) examined the influence of 

fineness of flyash on the chloridepenetration of concrete. 

Three different flyash fineness’s viz., original flyash, 

45%fine portion and 10% fine portion flyashes were used 

for the study. Chlorideresistance of concretes was evaluated 

using the measurement of the Coulomb charge as per ASTM 

C1202 and by determination of chloride ingress after 

different periodsof exposure to 3% NaCl solution in full 

immersion and partial immersion modes. Theresistance to 

chloride penetration of concrete depends on the fineness of 

flyash. 

TarunNaik, et al (1994) evaluated the freezing and 

thawing durability of concretemade with or without class C 

flyash in two series. First series of tests (A) concretemixes 

were proportioned to have cement replacement with one 

source of class Cflyash in the range of 0-70% by weight, 

whereas for the second series (B) of testsconcrete mixtures 

were made with several flyashes for replacing cement in the 

rangeof 35 to 55% by weight. This report includes extensive 

review of the previousinvestigations and the experimental 

results for the first series of tests only.Air entrained 

reference concrete mixtures without flyash was proportioned 

to have the28-day compressive strength of 41MPa (6000 

psi). For each concrete mixture, thecompressive strength, 
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flexural strength, air-void characteristics of hardened 

concrete,and freezing and thawing durability were 

determined. Concrete resistance to freezingand thawing 

actions were evaluated in accordance with ASTM C 666. In 

general,concrete mixtures up to 50% cement replacement 

showed satisfactory performancewith respect to strength 

properties as well as freezing and thawing resistance. 

The30% flyash mixture showed the best results. All the 

concrete mixtures with adequateair contents up to 70% 

cement replacement with fly passed the freezing and 

thawingrequirements per ASTM C 666.Alkali aggregate 

reaction 

Kakodkar et al (1994) determined the influence of 

five different class C flyashes oninhibiting expansion due to 

alkali-silica reaction (ASR). Five different sands 

withvarying degrees of ASR, combined with the five 

different flyashes, were investigated.  An accelerated test 

method (ASTM P214) was used to detect potentially 

deleteriousexpansion of mortar bars due to ASR. 

Replacement levels of 0, 10, 15, 20, 25, and 

30% of cement by weight were investigated for all 

five flyashes and for all five sands.Four of the flyashes were 

effective in reducing to negligible levels ASR expansions. 

Kromel Hanna et al( 2009) performed to assess the 

effect of using class C flyash inPortland cement concrete 

pavements to control ASR. The gravel exclusively as a 

fineaggregate is a reactive aggregate that can potentially 

lead to alkali-silica reaction(ASR). They presented the 

experimental work using ASTM C 1567 test method 

toevaluate the expansion in 16 different mixes that contain 

different proportions of classC flyash, class F flyash, slag, 

and cement. Four mixes have been chosen for 

overallperformance testing based on the test results and 

material cost. These mixes, whichcontain at least 15% class 

C flyash in addition to class F flyash and/or slag, 

showedbetter performance over the current standard mix. 

Sulfate ResistanceSulfate attack is one of the 

mechanisms which can cause deterioration of concrete and 

class C flyash mixtures are reported to provide poor sulfate 

resistance in the sodiumsulfate environment than calcium 

sulfate (Rajaram Dhole, 2009). He studied the SEM,XRD 

and the Rietveld analysis techniques to determine the 

relation between theflyash composition and its resistance to 

sulfate attack. Mixes prepared with flyashescontaining 

significant amounts of vulnerable crystalline phases offered 

poor sulfateresistance and inert crystalline phases offered 

good sulfate resistance.He also tried different strategies such 

as use of low W/CM, silica fume or ultra fineflyash, high 

volumes of flyash and, ternary or quaternary mixes with 

suitablesupplementary cementing materials to improve the 

sulfate resistance of class C flyashmixes. W/CM was found 

to be the main governing factor in providing 

sulfateresistance to mixes. 

Anil Misra (2005) investigated three methods of 

production of crushed aggregatebased upon compacted 

samples using fly ash-fiber-sand mix shown in figure 

2.1.Using the optimal mix proportion and fiber type, batches 

of fly ash-fiber-sandaggregate have been extruded. A 

production methodology that considers pressurecompacted 

samples with precision moisture control which are 

subsequently ovencured at low temperature was also 

evaluated. Three methods of crushed aggregateproduction 

based upon compacted samples were investigated. The 

leaching potentialof contaminants of fly ash aggregates is 

expected to be low. 

Kelly Rusch et al (2002) made an attempt to 

stabilize phosphogypsum (PG) usingclass C flyash and lime. 

In the manufacturing of phosphoric acid, PG is produced as 

asolid by product containing low levels of radium (266Ra). 

The problem was solved bystack piling as the only 

allowable disposal/storage method. But it is reported that 

PGcan be effectively stabilized with class C flyash and lime 

for potential use in marineenvironments in the United States. 

(TingzongGuo et al, 2001) have been reported that 

PG can bestabilized with Portland type II cement and class 

C flyash for use in marineenvironments, thus eliminating the 

airborne vector of transmission for radon gas. Allfield 

composites survived with no signs of degradation. Dynamic 

leaching resulted in effective calcium diffusion coefficients 

ranging from 0.21 to 7.5 × 10-14 m2 s-1.Effective diffusion 

depths, calculated for t = 1 and 30 yr, ranged from 0.4 to 2.2 

mmand from 2.0 to 11.9 mm, respectively. SEM, 

wavelength dispersive microprobe andX-ray diffraction 

analyses of the leached composites identified a calcitelayer 

that was absent in the control composites. 

Chareonpanich et al (2003) tried to use lignite 

flyash as a raw material for synthesis ofZSM-5 zeolite and 

zeolite Y. The effects of reaction temperature, SiO2/Al2O3 

moleratio, NaOH concentration, initial pressure and reaction 

time on yields of zeoliteproducts were investigated. 

Maximum yield of ZSM-5 zeolite (59 wt%) was obtainedat 

SiO2/Al2O3 mole ratio, 40; initial pressure, 4 bar; treatment 

temperature,210. DEG.C. and treatment period, 4 h. The 

maximum yield of zeolite Y of 37%weight was achieved at 

different conditions. Catalytic performance of zeolite 

productwas investigated for CO2 hydrogenation. The CO2 

conversion at 500.DEG.C.were 30and 41% with ZSM-5 

zeolite and zeolite Y from flyash, respectively. It was a 

littlehigher than the commercial zeolite. The main products 

were methane, carbonmonoxide and C2-C3 actually. 

Charles et al (2005) have determined the effects of 

repeated aerosol exposures toflyash dust on respiratory 

tracts of tent-confined 12 weanling Boer-Spanish 

crossbredgoats. An increase in atelectatic lung lesions was 

observed in principal goats,compared with control goats; 

however, overall, flyash dust effects were nontoxic. 

V. INDIAN FLYASHES 

According to AnjanChatterjee (2010), the flyash generation 

in India was to touch 170MT by 2011-12. He addressed the 

issues pertaining to the intrinsic quality parametersof the 

Indian flyashes, potential of chemical activation, feasibility 

of adopting thenewer milling systems such as vibration and 

attrition milling, etc. He also touchedupon the need for 

converting the flyash grains to submicro crystalline 

particlesthereby, significantly altering their properties and 

behaviour.A study has been conducted to classify the oxide 

compositions of flyashes usingradial basis function neural 

network (Nataraj, et al 2006).  

VI. CONCLUSIONS 

Compared with conventional cement concrete, the flyash 

based concrete is more workable and still more with the 



A Review Paper on the Strength Characteristics of the Concrete Mix with Flyash 

 (IJSRD/Vol. 6/Issue 05/2018/215) 

 

 All rights reserved by www.ijsrd.com 955 

additions of silica fume. However, slump value is slightly 

reduced (0 to 20mm) with the intention of improving the 

strength which is indirectly proportional to the water-cement 

ratio. For M30 grade concrete even though studies are made 

for concrete with and without SP, the concrete with SP 

showed better overall performance in workability, strength 

and durability characteristics in general. Compared with 

conventional cement concrete w.r.to cube compressive 

strength: Compressive strength of concrete for 50% and 

60% cement replacement with flyash is satisfactory and 

other replacement levels are not so even with the addition of 

silica fume with the normal conditions. 

VII. SUGGESTIONS FOR FURTHER RESEARCH 

Cement replacement up to 50% by weight of class C flyash 

is recommended with admixtures compulsorily and 10% of 

flyash replaced with silica fume. Cement replacement up to 

60% by class C flyash is recommended for NLC flyash with 

admixtures compulsorily and 20% of flyash replaced with 

silica fume. Further, for more than 60% utilisation of flyash 

for replacing cement, substance like rice husk ash or nano-

silica may be added in conjunction with silica fume which is 

the best additive for cement replacement. 
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