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Abstract - The concerns about environment degradation and global warming have led the attention of researchers on 
concrete technology towards High Volume Flyash Concrete (HVFAC). Use of HVFA technology is one such step towards 
construction of eco-friendly buildings. HVFA concrete is the one in which atleasr 50% of cement content is replaced by 
flyash, which otherwise is a waste material if used in concrete will result in waste utilisation , as well as with lower CO2 
emission will help in reducing global warming. The state of the art on the use of HVFA technology is presented here. 
Various advantages of use of high volumes of flyash in concrete alongwith its effects on concrete in its plastic as well as 
hardened state are elaborated herewith.  
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I. INTRODUCTION 
 
Concrete is the most popular construction material 
because of its unique properties such as 
mouldaebility, high compressive strength, durability, 
etc. The properties of concrete can be altered and 
tailored in order to suit the project requirements in 
fresh as well as hardened state. This can be achieved 
by the use of pozzolanas and new generation 
chemical admixtures. Use of pozolanas such as flyash 
has many benefits including the improvement of 
concrete properties in fresh and hardened state, which 
otherwise is a waste material from thermal power 
plants. If not disposed effiviently would cause serious 
environmental hazards. The use of High Volume Fly 
Ash concrete in construction is a solution to 
environmental degradation being caused by cement 
industry. The concept very much fits into the era of 
sustainable development. As cement industry, itself, 
is responsible for 7% of world’s carbon dioxide 
emissions, responsible for global warming, attention 
needs to be drawn by construction industry to solve 
the problem 1-7. 
 
Use of pozolanas such as flyash has benefitted in 
improving the propeties of concrete in fresh and 
hardened state, which otherwise is a waste material 
from thermal power plants. If not disposed effectively 
would cause serious environmental hazards. The use 
of High Volume Fly Ash concrete in construction is 
one of the solutions to environmental degradation 
being caused by cement industry. Sustainable 
developmentand resource conservation is need of the 
present day technology. As cement industry, itself, is 
responsible for 7% ofworld’s carbon 
dioxideemissions, responsible for global warming, 
attention needs to be drawn by construction industry 
to solve the problem8. 
 
 
 
 

II. BENEFITS OF USE OF HIGH VOLUME 
FLYASH IN CONCRETE  
 
Flyash has been used in concrete from past few 
decades as a replacement of cement. However the 
range of replacement levels were restricted to 0 to 
25% by weight of cement until recently. However 
researchers have found replacement levels of 50% 
and above can have considerable benefits in concrete 
both in fresh and hardened state fly-ash can help 
cement-based materials to gain good workability, 
mechanical properties as well as durability 1,2. The 
fly-ash particles, much less reactive than cement 
grains, can accelerate the cement hydration kinetics 
by heterogeneous nucleation effect3and surface 
absorption effect4. Moreover, by their spherical 
geometry, the fly-ash particles can act as “ball-
bearing” to better the rheological properties of fresh 
pastes 5,6. The hydration process of fly-ash particles, 
known as pozzolana reaction, is much slower 
compared to cement grains and these particles 
continue to react with pore solution and cement 
hydrates for years after the hardening of pastes [5–8]. 
Accordingly, the microstructure of hardened cement 
pastes evolves substantially with the continuous 
formation of pozzolana reaction products, C–S–H gel 
in cement chemistry terms, in the pore space enclosed 
by cement hydrates. 
 
Typical range of component materials for different 
levels of strength in high-performance, HVFA 
concrete is shown in Table 13. The control of water 
content is most essential because the amount of water 
is varied within a narrow range between 100-130 
kg/m3 by using a combination of one or more tools 
such as a superplasticizing admixture, a high quality 
fly ash, and well-graded aggregate. Depending on the 
desired strength levels, the content and the fly 
ash/cement ratio of the binder can be varied. As the 
water content between the different strength levels 
does not vary much, it is necessary to increase the 
cementitious materials substantially to achieve higher 
strength. When very high strength is needed at an 
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early age, it can be obtained by adopting one or more 
of the following methods: a higher ratio between 
portland cement and fly ash, substitution of a high-
early strength portland cement for ordinary portland 
cement, and replacement of a portion of the fly ash 
with a more reactive pozzolan such as silica fume or 
rice-husk ash. 
 
The characteristics defining a HVFA concrete 
mixture are as follows: 
 
 Minimum of 50% of fly ash by mass of the 

cementitious materials must be maintained. 
 Low water content, generally less than 130 kg/m3 

is mandatory. 
 Cement content, generally no more than 

200kg/m3 is desirable. 
 For concrete mixtures with specified 28-day 

compressive strength of 30 MPa or higher, 
slumps >150 mm, and water-to-cementitious 
materials ratio of the order of 0.30, the use of 
high-range water-reducing admixtures 
(superplasticizers) is mandatory. 

 For concrete exposed to freezing and thawing 
environments, the use of an air-entraining 
admixture resulting in adequate air-void spacing 
factor is mandatory. 

 For concrete mixtures with slumps less than 150 
mm and 28-day compressive strength of less than 
30 MPa, HVFA concrete mixtures with a water-
to-cementitious materials ratio of the order of 
0.40 may be used without superplasticizers. 

 
HVFAC needs low water to cementitious material 
ratio. Low w/cm ratio is usually associated with 
difficulty for efficient external curing due to potential 
for pore depercolation. Internal curing (IC) is an 
alternative to conventional curing that may overcome 
this problem. IC is achieved by distributing a pre-
wetted absorptive material, like prewetted light 
weight aggregate throughout the cement paste.  
Internal curing technique for improving the early 
strength of HVFA concrete. Once the concrete sets 
water held in the absorptive material is released back 
to the cement paste2,9. The purpose of internal curing 
is to replenish the water consumed by hydrating 
cement after set, otherwise the cement paste becomes 
water starved and begin to dry out pores, which 
generates capillary stress.  
 
* Moderate and high-strength concretes need a super 
plactisizer to obtain a low water/cement ratio. Also, 
some adjustments in water/cement will be needed 
when an air-entraining agent is used for protection 
against freezing and thawing cycles. 
Internal curing also increases the degree of hydration 
by allowing more water to be available to the 
hydrating cement at early ages. This also improves 

the pore structure and thereby reducing the 
permeability[3] 
 

Table 1 gives some guidelines for proportioning HVFAC 
mixtures for different strength levels 

Table1. Typical mix proportions for different strength levels 

 
 
The greatest disadvantage associated with the use of 
neat Portland cement concrete is cracking due to 
drying shrinkage. The drying shrinkage of concrete is 
directly influenced by the amount and the quality of 
the cement paste present. It increases with an increase 
in the cement paste-to-aggregate ratio in the concrete 
mixture, and also increases with the water content of 
the paste. Clearly, the water-reducing property of fly 
ash can be advantageously used for achieving a 
considerable reduction in the drying shrinkage of 
concrete mixtures. 
 
III. FRESH PROPERTIES OF HIGH VOLUME 
FLYASH CONCRETE 
 
Desirable properties of a concrete in fresh state are 
workability and cohesiveness. The concrete should 
not segregate or bleed and allow for proper placing 
and compaction. The workability of concrete is 
influenced greatly by particle size distribution, 
particle packing effect, and voids present in the solid 
system. Typical concrete mixtures which lack an 
optimum particle size distribution, accounts for the 
undesirably high water demand to achieve certain 
workability. Moreover, to plasticize a cement paste 
for achieving a satisfactory consistency, much larger 
amounts of water than necessary for the hydration of 
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cement have to be used because portland cement 
particles, due to the presence of electric charge on the 
surface, tend to form flocs that trap volumes of the 
mixing water. 
When Portland cement is partially replaced by fly ash 
in a mortar or concrete mixture, the water 
requirement is reduced for obtaining a given 
consistency. Experimental studies by Jiang and 
Malhotra (2000) have shown that with HVFA 
concrete mixtures, depending on the quality of fly ash 
and the amount of cement replaced, up to 20% 
reduction in water requirements can be achieved. This 
means that good fly ash can act as a superplasticizing 
admixture when used in high-volume. The fine 
particles of fly ash get absorbed on the oppositely 
charged surfaces of cement particles and prevent 
them from flocculation. The cement particles are thus 
effectively dispersed and will trap large amounts of 
water, that means that the system will have a reduced 
water requirement to achieve a given consistency. 
Since flyash particles are spherical in shape and have 
smooth surface, the interparticle friction will be 
reduced and thus facilitate mobility. The “particle 
packing effect” of flyash is also responsible for the 
reduced water demand in plasticizing the system.  
Due to lower density and higher volume per unit 
mass, fly ash is a more efficient void-filler than 
portland cement. 
 
IV. SELF COMPACTING CONCRETE USING 
HVFA  
 
Self compacting concrete is the concrete which 
compacts under its own weight and no external 
compaction effort is required. It possesses enough 
viscosity to be handled without segregation or 
bleeding. The advantage of SCC over conventional 
concrete is its flowability. The use of SCC also 
results in shorter construction periods, reduction in 
the labour cost, and better compaction in the structure 
especially in confined zones where compaction is 
difficult. 
 
The common practice to obtain self-compactibility in 
SCC is to use new generation high range water 
reducers, to limit the maximum coarse aggregate size 
and content, and to use low water-powder ratios or 
use viscosity modifying admixtures. Therefore, one 
of the disadvantages of SCC is its cost, associated 
with the use of chemical admixtures and use of high 
volumes of Portland cement. High cement content 
usually introduces high hydration heat, high 
autogenous shrinkage and high cost. Moreover, the 
consumption of natural resources and carbon dioxide 
emissions associated with cement production can 
cause serious environmental impacts. One solution to 
reduce the cost of SCC is the use of mineral 
admixtures such as limestone powder, natural 
pozzolans, ground granulated blast furnace slag and 
fly ash (FA). Among these materials FA, a by-

product of thermal power plants, has been reported to 
improve the mechanical properties and durability of 
concrete when used as a cement replacement 
material3. 
Sahmaran et.al (2009) developed HVFA SCC using 
two types of flyash, the one which had a lime content 
of 10.07%, was called high-lime flyash. The other 
flyash, which had a lime content of 2.21%, was called 
low-lime flyash. Limestone powder (LP) was used as 
a fine material (5 lm average diameter) in all 
mixtures.  A crushed limestone with a maximum 
nominal size of 20 mm was used as the coarse 
aggregate and natural river sand was used as the fine 
aggregate. The coarse and fine aggregates had 
specific gravities of 2.70 and 2.40, and water 
absorptions of 0.3% and 2.4% respectively. A 
polycarboxylic- ether type high range water reducer 
(HRWR) with a specific gravity of 1.08, pH of 5.7 
and a solid content of 40% was also used in all 
concrete mixtures. Table 2 shows the mix proportions 
and fresh properties of various mixtures10. 
 
HVFA concrete with high flyash content reduces the 
compressive strength considerably, especially at 
earlier ages as compared to OPC concrete. At 7 days, 
compared to the control mixture the cylinder 
compressive strength was reduced by 29% in average 
for a 30% FA replacement, and by 70% for a 70% FA 
replacement. While at 28 days, the strength of the 
30% FA containing SCC mixtures was only slightly 
lower (12% in average) than the control mixture, 
though a 70% FA replacement still resulted in a 46% 
average strength reduction. At later ages, the 
contribution of FA to compressive strength became 
more pronounced. At 90 and 180 days the differences 
between compressive strength of the control mixture 
and the mixtures containing FA are reduced, 
especially for the mixtures with low-lime FA. The 
reason behind this observation was the slower activity 
of the low-lime FA11. Moreover, the 90, 180 and 365-
day compressive strengths were higher for the low-
lime FA when compared to the high-lime FA because 
of the reduced W/CM ratio for those mixtures. At the 
end of 365 days, the compressive strength of SCC 
mixtures with 30% and 40% low-lime FA 
replacement were equal (75.6 MPa) and higher than 
the control mixture (74.1 MPa). 
 
V. HARDENED PROPERTIES OF HVFAC 

 
Most significant benefit of use of high volume flyash 
in concrete is its durability. This is directly related to 
reduced calcium hydroxide, which is a soluble 
hydration product. Its reduction is directly related to 
improved pore structure of concrete. HVFA concrete 
is more crack resistant due to reduced shrinkage. 
Alongwith lesser amount of water to binder ratio, 
HVFA concrete is also characterized by lower 
volume of cement which results into reduced heat of 
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hydration and hence lower thermal shrinkage. Water 
permeability is also lower compared to PCC8,9. 
 
Inspite of all the virtues HVFAC has certain 
drawbacks. Strength development is generally found 
to be slower compared to PCC. The rate of strength 
development depends on the cement content, type of 
flyash used and age of concrete. Higher long term 
strengths have been observed in HVFA concrete 
mixes because of dense microstructure, lower water 
to binder ratios. Slightly extended curing may be 
recommended for higher late stage strength 
development 1, 2,12,13. 
 
Rate of strength development also depends on 
consistency of the mix and the presence of various 
chemical admixtures. A superplasticiser is generally 
used in concrete in order to induce workability since 
HVFA mixtures are associated with lower water to 
binder ratios.  
 
Since reaction between cement and water is the 
primary phenomenon that inhibits setting in concrete, 
reduced levels of cement is responsible for delayed 
setting. Delayed setting occurs for both class F and 
class C flyash and the setting time increases with 
increase in flyash replacement. 
 
However when compared to various benefits of 
HVFA concretes such as durability and higher later 
strength, the drawback of delayed setting is tolerable. 
 
CONCLUSIONS 
 
HVFAC is a promising material for sustainable 
development as it utilizes flyash in large quantities 
which otherwise would cause environmental hazards 
if not disposed effectively. Its improves the quality of 
concrete in its fresh state by improving the 
workability. HVFA concrete is highly durable 
compared to normal concrete because of reduced 
calcium hydroxide content. Eventhough long term 
strength is better than normal concrete, its use has to 

be restricted in projects that demand high early 
strength. With use of modern day accelerating 
adixtures, the setting time of HVFAC can be 
improved. 
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