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ABSTRACT 

 
For an effective disposal of fly ash avoiding environmental pollution, it is necessary to 
utilize it on a continuous basis for some beneficial purposes. Its bulk utilization is feasible 
through civil engineering applications. A laboratory testing program was designed to 
investigate the strength properties of a sandy soil and a clayey silt soil blended with a class F 
fly ash and cement. Fly ash was mixed in increasing proportions up to 90% by mass of the 
soil. Cement content was varied up to 2% of the combined mass of fly ash and soil. The test 
line-up included classification tests, compaction tests and unconfined compression tests. 
Curing periods up to 28 days were used. The test results indicate that the addition of fly ash 
plays an important role in the development of strength of the two soil types. The optimum 
fly ash content for the sand is above 65% and for the clayey silt is up to 35%. A little 
addition of cement even at 1% to the soil-fly ash mixes significantly increases the 
unconfined compressive strength.  
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INTRODUCTION 

Electricity has become an integral part of the 
day-to-day life of modern society. The 
increasing demand for electrical power by 
the rapidly growing industrial as well as 
agricultural sectors of India has led to the 
setting up of a number of coal-based thermal 
power stations. Large quantities of fly ash 
are being produced from these power plants. 

The disposal of ash has serious problems of 
environmental pollution. The major four 
countries namely, China, India, Poland, and 
United states, produce more than 270 million 
tons of fly ash every year. The fly ash poses 
multiple environment problems besides 
occupying large areas of land for its storage 
and disposal. Wherever large volumes of 
earthen materials are used in civil 
engineering, applications of fly ash can 
emerge.  * Author for correspondence 
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Several investigators have reported the 
influences of the addition of fly ash on soil 
properties. The effect of fly ash is noted 
mainly through the pozzolanic reactivity, and 
the unconfined compressive strength (UCS) 
of fly ash-soil increases due to the pozzolanic 
reactions1. Unconfined compressive strength 
increases with curing periods for soil-fly ash 
mixtures. The percentage increase of fly ash 
content in fly ash-soil mixtures leads to a 
decrease in the dry density due to the low 
specific gravity of fly ash. Cement addition 
to soil-fly ash mixtures increases UCS value 
and brittle behaviour is more marked in the 
soil-fly ash-cement mixes2-4. 
Fly ash exerts less overburden pressure and 
lateral pressure due to its lower dry density. 
Thus, the use of fly ash in geotechnical 
engineering applications such as construction 
of highway embankments and pavements, 
backfilling for retaining wall etc., hold great 
promise for consuming large quantities of fly 
ash in an environmentally acceptable manner 
and at significant economic benefits. In view 
of the above, the objective of this study is to 
investigate the strength properties of soils 
blended with fly ash and then treated with 
cement. 5,6 

MATERIAL AND METHODS 
The experimental program in this 
investigation was conducted with a coarse-
grained soil and a fine-grained soil. A sand 
and a clayey silt were collected from the 
deposits of the nearby bank of Brahmaputra 
river and from nearby hills, respectively. The 
fly ash used in this present investigation was 
a Class F fly ash, which was obtained from 
the Farakka thermal power plant of West 
Bengal. Ordinary portland cement was also 
used. The sand is classified as poorly graded 
fine sand as per the Unified Soil 
Classification System. The fly ash consists 

predominantly of fine sand fraction with 
some silt and clay size fractions. The 
corresponding specific gravity of the sand 
and clayey silt are 2.70 and 2.61, and those 
of the fly ash and cement are 2.08 and 3.08. 
Fly ash was uniformly mixed with the soils 
in increasing proportions ranging from 0% to 
90% by dry weight, and with cement 
contents of 1% and 2%. In the mix 
designations, BS, RS, FA and C indicate 
sand, clayey silt, fly ash and cement, 
respectively. 
Proctor compaction tests were performed to 
determine the maximum dry density (MDD) 
and optimum moisture content (OMC) for 
soil-fly ash and soil-fly ash-cement mixtures. 
The tests were conducted in accordance with 
Indian Standard test method (IS: 2720-Part 
7). Unconfined compression tests were also 
performed as per IS: 4332- Part 5. All the 
specimens were prepared at OMC and MDD. 
For each mix, three specimens of 38 mm 
diameter and 76 mm length were tested. 
Prior to testing, the specimens were kept in 
desiccators for curing periods of 0, 3, 7, 14 
and 28 days at 100% relative humidity. The 
unconfined compression test was performed 
on all specimens using a strain rate of 1.25 
mm/min. Each specimen was loaded until 
peak stress was obtained or until an axial 
strain of 10% was obtained.  

RESULTS AND DISCUSSION 
The variations of maximum dry density 
versus fly ash content for sand-fly ash and 
clayey silt-fly ash mixtures are presented in 
Fig. 1 and Fig. 2, respectively. The figures 
indicate that the dry density of all the mixes 
generally decreases with more fly ash added, 
which is mainly due to the low specific 
gravity of fly ash. The findings are similar to 
those of Kaniraj and Havanagi (1999b).  Fly 



Journal of Environmental Research And Development         Vol. 5 No. 2, October-December 2010 
 

                                              324

ash is a light weight material as it consists of 
a large amount of hollow cenospheres, and it 
is being used as a replacement material in the 
soil mixes. The corresponding MDD of the 
sandy soil and the clayey silt soil are 15.69 
kN/m3 and 16.48 kN/m3, and that of fly ash 
is 13.68 kN/m3.  
Typical variations of unconfined com-
pressive strength versus curing period of 
sand-fly ash mixes are shown in Fig. 3. It can 

be seen that both the curing period and fly 
ash content have a major influence on the 
unconfined compressive strength, with the 
UCS values of sand-fly ash mixes increasing 
with curing.  
The addition of fly ash increases the bonding 
between the particles through the pozzolanic 
reaction products. The improvement in the 
UCS is due to the occurrence of              
time-dependent pozzolanic reactions. 
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Fig. 1 : Effect of fly ash content on MDD of sand-fly ash mixes 
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Fig. 2 : Effect of fly ash content on MDD of clayey silt-fly ash mixes
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Initially for BS and BS+10%FA mix, there is 
no much variation in UCS value due to less 
stiffness. The further addition of fly ash to 
the sandy soil induces stiffness and results in 
increase of unconfined compressive strength. 
The UCS of the BS+35%FA mix increases 
from 6.9 kN/m2 to 37.44 kN/m2, that is  4.42 
times increase over a curing period of 28 
days and for the same curing period, the 
BS+50%FA mix shows 2.43 times increase 
from 17.79 kN/m2 to 61.03 kN/m2. In 
general, the 7 days UCS values are used for 
pavement design. 
The main attractive property of fly ash is its 
pozzolanic nature. In the presence of water, 
the free lime content of fly ash reacts with 
alumina and silica to form gels of calcium 

silicate hydrate and calcium aluminate 
hydrate (Pandian et al., 1999). These gels 
bind the soil grains together. The fly ash 
addition of above 65% to the sand gives 
higher UCS values suitable for embankment 
construction and pavement subgrade.  
Fig. 4 illustrates typical variations of UCS 
with curing period for clayey silt-fly ash 
mixes. The unconfined compressive strength 
increases gradually with increase in fly ash 
content in the mixes. After curing, the 
strength of the clayey silt-fly ash mixes is 
noted to increase. The strength of the 
unblended soil also increases with curing 
period, and this is attributed to the 
aggregation of the soil particles due to its 
high content of iron and aluminium oxides.  
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Fig 3 : Effect of curing period on UCS of sand-fly ash mixes  
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Fig. 4 : Effect of curing period on UCS of clayey silt-fly ash mixes 
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From the figure, it can be observed that the 
addition of fly ash up to 35% to the clayey 
silt give higher UCS values after 7 days 
curing. The UCS of the RS+20%FA mix 
shows 4.09 times increase from 95.37 kN/m2 

to 485.82 kN/m2 over a curing period of 28 
days. For the same curing period, the UCS of 
the RS+35%FA increases from 121.68 
kN/m2 to 628.82 kN/m2, which is an increase 
of 4.16 times. A fly ash content above 35% 
leads to a reduction of the UCS values. 
The unconfined compressive strength values 

versus curing period for sand-fly ash 
mixtures with cement are shown in Fig. 5 
Fig. 6. The inclusion of cement in the soil-fly 
ash mixes changes the failure mode to a 
more brittle behaviour.  
It enhances the stiffness and peak strength. 
Further, the UCS of all the mixes increases 
with curing period. From a comparison of 
these two figures with Fig. 3, it is observed 
that the UCS values of sand-fly ash-cement 
mixtures are greater than that of sand-fly ash 
mixtures.
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Fig. 5 : Effect on 1% cement content on UCS of sand-fly ash mixes after different curing 
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Fig. 6 : Effect of 2% cement content on UCS of sand-fly ash mixes after different curing periods 
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This is because of the hydration of the 
cement, and the formed compounds permeate 
further into the soil matrix and bind the 
particles even stronger than only fly ash is 
used. The strength of the soil mixes is 
enhanced resulting in an improved response 
to loading. Similar findings were reported by 
Consoli et al. (1998). Sufficient strength can 
be achieved with the addition of just a small 
percentage of cement at 1%. The UCS of the 
BS+35%FA+1%C mix increases from 30.54 
kN/m2 to 159.39 kN/m2, which is 4.21 times 
increase over a curing period of 28 days. 
Over  the same curing period, the 
BS+50%FA+1%C mix shows 2.93 times 
increase from 59.23 kN/m2 to 233.31 kN/m2. 
Fig. 7 and Fig. 8 show the influence of 

cement addition on the UCS values of clayey 
silt-cement mixtures after different curing 
periods. It can be observed that without 
cement, the fly ash has limited self-hardening 
property, as observed from Fig. 4. There is 
significant gain in strength even with a small 
addition of cement, and the increase depends 
on the cement content and curing period as 
observed from these results. The UCS of the 
RS+35%FA+1%C mix exhibits increase 
from 202.12 kN/m2 to 408.78 kN/m2, that is 
1.03 times increase over a curing period of 7 
days. For the same curing period, the 
RS+50%FA+1%C shows 0.61 times increase 
from 219.34 kN/m2 and 355.12 kN/m2. At 
the higher cement content of 2%, the 
unconfined strength increases only 
marginally. Hence, 1% cement addition is 
sufficient even for sub-base of pavements. 
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Fig. 7 : Effect on 1% cement content on UCS of clayey silt-fly ash mixes after different 
curing periods 
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Fig. 8 : Effect of 2% cement content on UCS of clayey silt-fly ash mixes after different curing 
periods 

CONCLUSION 
The study has demonstrated the effects of 
using fly ash and cement in modifying the 
strength behavior of a coarse-grained soil 
and a fine-grained soil. The results of 
unconfined compression tests have been 
analyzed.  
For the coarse-grained sandy soil, the 
addition of fly ash increases the unconfined 
compressive strength of the mixes gradually 
and the optimum fly ash content is above 
65% by mass of the dry mix. For sand-fly 
ash-cement mixes, the optimum fly ash 
content lies above 35% at a cement content 
of 1%.  
For the fine-grained clayey silt soil, when 
only fly ash is added, the optimum fly ash 
content is up to 35%. At a cement content of 
1%, optimum fly ash content is 50% for the 
clayey silt-fly ash-cement mixes.  

A substantial quantity of fly ash can be 
utilized with both the soil types in several 
field applications. When only fly ash is 
added, both the soil mixes can be used in the 
construction of highway embankments and 
subgrades of pavements. When 1% cement is 
added to the soil-fly ash mixes, they can be 
used for sub-base of pavements and even for 
surface layers of unpaved roads.  
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