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ABSTRACT 
 

Portland cement concrete is the most widely used manufactured product in the world. It is 
the popular choice among all the building materials. The global use of concrete is second 
only to water. More than a tonne of concrete is produced every year for each person in the 
planet, approximately six billion tonnes per year. Each ton of cement produced releases an 
equal amount of CO2. Since it is a major contributor to the greenhouse effect and the global 
warming of the planet, it is necessary to consider this with very severe regulations and 
limitations. The demand for industrial and domestic energy results in the production of a 
large volume of fly ash from solid coal fuel, which will increase in the world on an 
unprecedented scale in future. Therefore, fly ash should not only be disposed of safely to 
prevent environmental pollution, but should be treated as a valuable resource. The 
installation of new cement plants substantially increases the CO2 emissions, and installation 
of coal-fired thermal power plants results in large amount of coal ashes.  

Fly ash can be used part replacement of cement in concrete. Concrete can be manufactured 
without using conventional Portland cement. Fly ash, lime and Gypsum ( FaL-G) can be 
used in construction. Fly ash/ slag can be activated using high alkaline solution. The 
resulting material is termed as geopolymer.  Both FaL-G and Geopolymer are termed as no 
cement concrete.  

All the three methods of utilizing fly ash are considered in construction in different forms. 
Cement can be replaced partly with fly ash for better and strength and durability. FaL-G and 
geopolymer can be used in the form of concrete and masonry blocks. These new materials 
posses’ strength and excellent durability better then the conventional materials. It is very 
essential to develop the materials for the required strength at the given age by using of the 
fly ash. Thus the use of conventional cement can be reduced or reduced /avoided. The 
methods are also useful to the field engineer to select the materials to get the required 
strength and durability at the given age. Field applications proved that the materials can be 
effectively utilized without any compromise in strength and durability.  

Key Words : Fly ash, FaL-G, Geopolymer, Sustainable development, Concrete, 
Compressive strength. 

 
INTRODUCTION 

Portland cement concrete is the most 
widely used manufactured product in the 
world. It is the popular choice among all the 

building materials. The global use of 
concrete is second only to water. More than a 
tonne of concrete is produced every year for 
each person in the planet, approximately six 
billion tonnes per year1. Each ton of cement 
produced releases an equal amount of CO2. * Author for correspondence 
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Since it is a major contributor to the 
greenhouse effect and the global warming of 
the planet, it is necessary to consider this 
with very severe regulations and limitations. 

The use of ASTM Class F (low calcium) 
fly ash in combination with Portland cement 
to produce structural concrete has found 
increased application in construction over 
two decades. Fly ash when used as a 
component of cement has been shown to 
offer several technical benefits to concrete, 
ranging from fresh properties, through to 
ultimate strength development and long-term 
durability performance2. Moreover use of fly 
ash supports the sustainability. This can lead 
to a number of environmental, technical and 
economical benefits. 

High volume fly ash concrete  

Concrete mixtures containing 50% or 
more fly ash by mass of cementitious 
material with a low water content is termed 
as High Volume Fly ash Concrete (HVFAC). 
This was coined by Malhotra at CANMET in 
the late 1980s2. Most of the research on high-
volume fly ash concrete has been done using 
Class F fly ash because of abundant 
availability world wide. Low calcium fly ash 
(ASTM Class F) has been widely used as a 
replacement of cement in normal and high 
strength concrete. In normal strength 
concrete, the replacement level can be more 
than 50%4,5, while in high strength concrete, 
the replacement level is usually limited to 
15-25%. Fly ash increases workability when 
compared with conventional concrete with 
the same water content. However, HVFAC 
normally incorporates a very low water to 
cementitious material ratio (~0.30) to achieve 
comparable early strengths as conventional 
Portland cement mixtures. Therefore, the use 
of superplasticizers is common. HVFAC 
often requires higher doses of air entraining 
admixtures due to adsorption of the AEA by 
carbon in the fly ash. HVFAC is typically 
made with a very low water to cementitious 

materials ratio therefore bleeding is not 
usually a problem. The low cement content 
of HVFAC and the slow reacting property of 
fly ash increase setting times. Therefore 
special measures may be required when 
using HVFAC in cold weather to avoid 
significant strength retardation. 

Fal-G 

FaL-G is the product name given to a 
cementitious mixture composed of fly ash 
(Fa), lime (L) and  gypsum (G). It is low cost 
and environmental friendly material very 
useful even in rural housing industry. FaL–G 
in certain proportions, as a building material 
is an outcome of innovation to promote large 
scale utilization of fly ash by 
Bhanumathidas, and Kalidas6. It gains 
strength, like as any other hydraulic cement, 
in the presence of water and when hardened 
it remains water resistant. FaL-G technology, 
developed by Bhanumathidas, and Kalidas7, 
is based on two principles namely, that the 
fly ash-lime pozzolanic reaction does not 
need external heat under tropical temperature 
condition, and that the rheology and strength 
of fly ash-lime mixtures can be greatly 
augmented in the presence of gypsum. Fly 
ash-based brick and cement are far superior 
in engineering properties over their 
conventional competitors. This knowledge 
needs to be disseminated globally, more so in 
second and third world countries, through 
tangible technical explanations. 

Fly ash, lime and gypsum are available 
in mutual proximity in many regions. Lime 
and gypsum are usually available either from 
mineral sources or may be procured from 
industrial wastes. Phosphogypsum is an 
important by-product of phosphoric acid 
fertilizer industry. It consists of CaSO4.2H2O 
and contains some impurities such as 
phosphate, fluoride, organic matter and 
alkalies. Approximately 5 million tons of 
phosphogypsum is produced each year in 
India and causes serious storage and 
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environmental problems8. The impurities of 
phosphogypsum seriously restrict the 
industrial use of phosphogypsum in cement 
industry as a retarder9,10,11. 

Geopolymers 

Geopolymer is the name given to a wide 
range of alkali hydroxide or silicate – 
activated aluminosilicate binders. These 
inorganic polymers have a chemical 
composition some what similar to zeolitic 
materials but exist as amorphous solids. 
Because the chemical reaction that takes 
place in this case is a polymerisation process, 
Davidovits12,13 coined the term ‘Geopolymer’ 
to represent these binders. 

Geopolymers made with appropriate 
constituents and formulation can exhibit 
superior properties than concrete require high 
temperature as Portland cement does. 
Geopolymers can be formed at elevated or 
ambient temperature. In addition, CO2 
emission from the production process is 80-
90 percent less than of Portland cement. 
Reasonable strength can be gained in a short 
period at room temperature. Low 
permeability of geopolymers, comparable to 
natural granite, is another property of 
geopolymers. It is also reported that 
resistance to fire and acid attacks for 
geopolymers is substantially superior to 
those for OPC. These properties make 
geopolymer a strong candidate as a substitute 
for Portland cement applied in different 
fields of construction. Wallah and Rangan14 
reported that heat cured fly ash based 
geopolymers has excellent resistance to 
sulphate attack. It is revealed from their 
study that there was no mechanism to form 
gypsum or ettringite form the main products 
of polymerisation.   

Research significance 

The fly ash varies in properties and 
reactivity between the sources and even 
between the batches from the same source. 
This is same even for other ingredients of 

concrete. This necessitates the development 
of full understanding of strength 
development of different composites made 
from fly ash. There are no methods available 
in the published literature in which trials can 
be minimized to re-proportion the concrete 
using marginal materials. The aim of the 
present study is to develop a mixture 
proportioning process to manufacture low-
calcium fly ash based composites like fly ash 
concrete, geopolymer concrete and FaL-G 
concrete.  

Generalized Abrams’ law and Bolomey’s 
laws15,16 are used in OPC concrete for re-
proportioning17. Is it possible to use the same 
for the concrete incorporating low and high 
volumes of fly ash, geopolymer concrete and 
FaL-G concrete? This will help the field 
engineer to re-proportion the mix based on 
the need. 

MATERIAL AND METHODS 

A concrete mix was obtained based on 
ACI method (ACI 211.1-91) using 53 grade 
cement (IS:12269), as binder, sand as fine 
aggregate and crushed granite as coarse 
aggregate. The cement was replaced by 
different percentages of fly ash by weight. 
The different replacement levels of fly ash 
are 20, 30, 40, 50, 60, 70 and 80. The 
cementitious material was maintained at 
280kg/m3 and water quantity as 140kg/m3for 
all the mixes. The water-to-cementitious 
material ratio (w/cm) was maintained at 0.5 
and 0.3 as indicted. As the fly ash content 
was more with higher replacement levels, the 
fine aggregate was adjusted. The fresh 
concrete mix was prepared for each and the 
superplasticizer dosage to get a slump of 
100mm was determined by trials. The mix 
proportions for all the mixes are indicated in 
Table 1. Similarly FaL-G concrete was also 
prepared using FaL-G as binder. But the 
water content in case of FaL-G concrete was 
considerably more compared to fly ash 
concrete. The details of mix proportion is 
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indicated in the Table 2. Geopolymer 
concrete was prepared using fly ash and 
GGBFS (Ground Granulated Blast Furnace 
Slag)/ FaL-G as binder instead of Portland 
cement. The mix proportions are indicated in 
Table 3. In both the cases the methods 

adopted to prepare concrete are same as that 
of OPC concrete. In case of geopolymer 
concrete, the ratio fly ash and GGBFS was 
maintained as 80:20. In case of FaL-G 
concrete, the water content was maintained at 
210Kg/m3.

Table 1 : Mix proportions of fly ash concrete 

Ingredients in Kg/m3 
Fly ash Replacement in Percentage 

20 30 40 50 60 70 80 

Water 140 140 140 140 140 140 140 

Cement(53 Grade) 224 196 168 140 112 84 56 

Raichur Fly Ash 56 84 112 140 168 196 224 

Coarse Aggregate 1178 1178 1178 1178 1178 1178 1178 

Fine Aggregate 806 798.2 793 785.2 777.4 772.4 764.4 

Super Plasticizer (%) 2.6 2.1 1.8 1.5 1.2 1 0.8 

 
Table 2 : Mix proportions of binder in FaL-G concrete 

Series %FA %Lime % Gypsum 

FSC1 50 40 10 

FSC2 40 50 10 

 
Table 3 : Mix proportions and curing conditions of Geopolymer concrete 

 

Series 
ID 

Molarity 
Mortar/ 
Concrete 

Age, 
Days 

Cured 
in 

Fluid content, 
Kg/m3 

Temp. oC 
Fine aggregate 

used 

GP1 12 M 56 Air 208 25 Sand 

GP2 14 C 1 Oven 228 60 Sand 

GP3 12 M 28 Air 228 25 Sand 

GP4 14 C 7 Oven 228 60 Sand 

GP5 14 C 14 HC 207 60 Sand 

GP6 14 M 14 Air 228 25 Sand 

GP7 12 M 14 Air 228 25 Quarry Dust 

GP8 14 M 7 Oven 228 60 Sand 

GP9 14 C 7 Oven 207 60 Sand 
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RESULTS AND DISCUSSION 
Table 4 indicates the compressive 

strength of fly ash concrete for the water-to-

cementations ratio of 0.5 obtained by the 
experiments. The slump of the fresh concrete 
was between 100-120mm. 

Table 4 : Compressive strength of fly ash concrete 

Fly Ash Replacement in % Age,         Days Compressive Strength 
in MPa 

20 
  
  
  
  

7 18.96 
28 36.74 
56 49.74 
90 54.22 
120 56.88 

30 
  
  
  
  

7 16.14 
28 32.89 
56 43.56 
90 47.70 
120 50.67 

40 
  
  
  
  

7 13.03 
28 29.03 
56 37.77 
90 42.90 
120 45.33 

50 
  
  
  
  

7 11.45 
28 23.56 
56 32.15 
90 36.59 
120 39.44 

60 
  
  
  
  

7 8.80 
28 16.88 
56 24.59 
90 28.59 
120 31.00 

70 
  
  
  
  

7 5.20 
28 11.65 
56 15.56 
90 19.33 
120 21.66 

80 
  
  
  
  

7 3.60 
28 6.95 
56 9.48 
90 11.00 
120 12.28 
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In concrete technology many methods 
are available to proportion the mix. None of 
the methods take care the synergy between 
the materials used. More number of trials are 
required to proportion the materials to get the 
required strength at the given age. Nagaraj 
and Zahida Banu have reported that 
generalized Abrams’ law is very useful in 
proportioning of concrete. According to their 
study, the model developed was 

0.5

S c
0.73 0.865

S w

   = − +   
    

….(1)
 

In the above mode, S is the compressive 

strength at a given cement-to-water ratio. S0.5 

is the strength at water-to-cement ratio of 

0.5. The strength of concrete can be 
determined at any water-to-cement ratio, if 

strength of the same concrete is known at 

water-to-cement ratio  of 0.5. This was 
developed for OPC concrete.  

It is now intended to examine how far 
this model can be used for concrete 
containing low and high volumes

 
of fly ash.

  The fly ash concrete was prepared using 
the water-to-cementitious material ratio of 
0.3 maintaining the same slump. The slump 
can be adjusted using higher dosage of 
superplasticizer. The compressive strength 
was predicted using the model suggested by 
Nagaraj and Zahida Banu17. The 
experimental and compressive strength of the 
concrete are indicated in Table 5. The 
predicted values are in line with the 
experimental values. This indicates that the 
generalized Abrams’ law which is developed 
for OPC concrete can be used for fly ash 
concrete with a minor modification. In OPC 
concrete water-to-cement ratio is used. In 
case of fly as concrete it should be water-to-
cementitious material ratio. 

Table 5 : Predicted and Experimental strength 

Fly ash in 
% 

Age in 
days 

Compressive Strength 

Difference % Error Predicted Value  
in MPa 

Experimental 
Value in                  

MPa 

20 7 40.85 40.44 0.41 1.00 

30 7 34.70 37.78 3.08 8.88 

40 7 27.85 27.56 0.29 1.04 

40 28 62.41 64.00 1.59 2.55 

50 7 19.78 20.00 0.22 1.11 

50 28 50.63 51.11 0.48 0.95 

60 7 13.97 15.08 1.11 7.36 

60 28 36.29 39.11 2.82 7.77 

60 56 52.87 48.00 4.87 9.21 
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70 7 8.39 8.44 0.05 0.66 

70 28 20.04 19.55 0.49 2.45 

70 56 33.46 33.33 0.13 0.39 

70 90 41.56 42.22 0.66 1.59 

80 7 4.08 4.44 0.36 8.82 

80 28 10.49 11.66 1.17 10.03 

80 56 20.38 18.57 1.81 9.74 

80 90 26.75 26.66 0.09 0.34 

 
To develop a similar model for 

geopolymer concrete, the compressive 
strength of geopolymer concrete was found 
for various mixes for different fluid-to-binder 
ratios. In case of geopolymers, cement is 
replaced with the binder and water with the 
alkaline fluid. In place of water-to-cement 
ratio, fluid-to-binder ratio is used. Figure 1 
indicates the compressive strength of 
different mixes of geopolymer concrete. The 
strength variation in geopolymer concrete is 
in accordance with Abrams’ law. Figure 2 

indicates the strength developed with binder-
to-fluid ratios. The variation is linear and in 
accordance with Bolomey’s law. The 
strength values are generalized with fluid-to-
binder ratio of 2 and graphically represented 
in Fig. 3. The model obtained is 
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With a correlation coefficient of 0.98. 
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Fig. 1 : Variation of Compressive strength of geopolymer concrete with fluid-to-binder ratio.  
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Fig..2 : Variation of Compressive strength of geopolymer concrete with binder-to-fluid ratio.  
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Fig. 3 : Generalized data for geopolymer concrete. 
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FaL-G concrete was also analysed in 
similar lines. The strength development in 
FaL-G concrete is indicated in Fig. 4 and 
Fig. 5. the variation of strength is as per 
Abram’s and Bolomey’s laws. The graphical 
generalization of strength is indicate din  
Fig. 6. The resulting  model obtained is 
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From the above discussions, it is 
observed that the generalized models 
obtained are almost same with minor 
variation in the constants. 
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Fig. 4 : Variation of Compressive strength of Fal-G concrete with water-to-FaL-G ratio.  
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Fig. 5 : Variation of Compressive strength of FaL-G concrete with FaL-G-to-water ratio. 
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Fig. 6 : Generalized data for FaL-G concrete. 

 
Table 6 : Strength data for FaL-G concrete in fully saturated system predicted using  

OPC concrete model1 

Mix 
ID 

Fluid/ 
Binder 

28days, 
Exptl 

28 days 
Predicted 

56 days 
Exptl 

56days 
Predicted 

90days 
Exptl 

90days 
Predicted 

FSC
1 

0.400 3.8 4.5 4.76 5.6 6.24 7.0 

0.450 3.43 3.8 4.36 4.7 5.42 5.8 

0.500 3.17 Reference 3.96 Reference 4.9 Reference 

0.550 2.95 2.7 3.58 3.3 4.5 4.1 

0.600 2.8 2.3 3.32 2.8 4.21 3.5 

FSC
2 

0.400 3.54 4.3 4.33 5.0 5.69 6.4 

0.450 3.3 3.6 3.92 4.2 4.98 5.3 

0.500 3.03 Reference 3.55 Reference 4.51 Reference 

0.550 2.81 2.6 3.32 3.0 4.17 3.8 

0.600 2.75 2.2 3.14 2.6 3.78 3.2 

FSC
3 

0.400 3.36 4.1 4.05 4.7 5.23 6.1 

0.450 3.12 3.4 3.65 4.0 4.72 5.1 

0.500 2.91 Reference 3.34 Reference 4.3 Reference 

0.550 2.7 2.5 3.16 2.8 3.94 3.6 

0.600 2.61 2.1 2.96 2.4 3.55 3.1 
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Table 7 : Comparison of the models 

Type of concrete Model developed Constant a Constant b 

Geopolymer 
Concrete 
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0.187 0.409 

 
Comparing the three models, it is 

observed that, if geopolymer concrete is 
placed first, OPC concrete in second and 
FaL-G concrete in third place, constant a 
increases and constant b decreases as 
indicated in Table 7. But the strength 
development trend is same in all the four 
materials. In fact the model developed by 
Nagaraj and Zahida  can be sued even for 
geopolymer and FaL-G concrete. 

CONCLUSION 
With the limited experimental study, it 

can be concluded that, both the generalized 
models developed  can be compared with 
model 1. They are almost  same except minor 
variation in the constants. Generalized 
Abrams’ law  can be used for the concrete 
with low and high volumes of fly ash, 
geopolymer concrete and FaL-G concrete. 
The experimental and predicted values of 
strength reinforce the possibility of using the 
model for re-proportioning. This method 
would be very useful for the best utilization 
of the fly ash composites for sustainable 
development

. 
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