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ABSTRACT: Fly ash and sand both the materials have been added in the percentages of 10, 20, 30, 40, 50 and 60% with 
the clayey-silt soil by dry weight. Modified Proctor compaction was chosen for the California bearing ratio (CBR) tests 
and applied to soil-fly ash and soil-sand mixes. Un-soaked and soaked CBR of the soil are found as 54.50% and 3.90% 
respectively under modified Proctor compaction. Both fly ash and sand improved the CBR of the clayey-silt soil but 
addition of sand show the better result under both un-soaked and soaked conditions. However, the addition of 40% sand to 
the soil shows the maximum un-soaked CBR value as 70.07%. An addition of fly ash decreases the unconfined 
compressive strength (UCS) of the clayey-silt soil and increases in UCS observed at 40% and 20% addition of sand to the 
soil at standard and modified Proctor compaction respectively. The addition of both fly ash and sand to the soil increase 
the shear strength of the clayey-silt soil at standard Proctor compaction. Depending on availability of the material either 
fly ash or sand, it can be said that strength of the weaker clayey-silt soil can be improved using any of the additives. 
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1. INTRODUCTION 
Generally clayey-silt soils are soft and weak. So, while 
any geotechnical engineering construction encounters 
such a soil it put the site civil engineers into trouble 
making them unable to bring out the accurate strength 
of the soil. Amongst the solutions, addition of some 
additives is one kind of approach. In the present paper 
fly ash and sand were used as additives to the clayey-
silt soil to study the change in strength in the soil. 
Few works had been carried out in the past to study the 
strength of the soft soils as well as in terms of CBR 
with the inclusion of fly ash and sand. The addition of 
fly ash to the fine grained soil showed significant 
improvements in the CBR values (Prabhakar et al. 
2004); so, fly ash beneficial for a pavement 
construction. Addition of fly ash increased the 
unconfined compressive strength of the highly 
compressible fine grained soil (Phani Kumar and 
Sharma 2004). Fly ashes can be used with different 
types of soft soil subgrade since it increased the 
unconfined compressive strength and CBR values of 
the soils (Edil et al. 2005).  In both soaked and un-
soaked condition, an addition of sand showed increase 
in CBR values (Bera 2011). Minimal addition of fly 
ash to expansive soil (i.e., sodium bentonite) increased 
both unconfined compressive strength and CBR values 
of the soil (Bose 2012). The addition of certain amount 
of fly ash and bottom ash increased the shear strength 
and unconfined compressive strength of the kaolin 
(Marto et al. 2013). Soaked and un-soaked CBR values 
of the clay increased when it was mixed with both fly 

ash and sand (Sharma and Prasad 2013). Sandy clay of 
high plasticity showed the highest CBR values when 
mixed with 6% lime and 3% palm oil fly ash (Khalid et 
al. 2014). With optimal amount of class F fly ash both 
soaked and un-soaked CBR values of the clay 
increased (Sreekumar and Unnikrishnan 2014). Clayey 
subgrade stabilized using fly ash (Athanasopoulou 
2014). 
 
Table 1 Physical and Engineering Properties of the Sand 

Properties Experimental 
Results 

Specific gravity 2.67 
Relative density (RD), % 5.06 
Degree of compactness 
Fraction smaller than 75-micron 
IS Sieve, % 

Very loose sand 
0.515 

 
Uniformity coefficient, Cu 2.00 
Coefficient of curvature, Cc 1.07 
Classification SP-SW 
Plasticity 
Cohesion (c) (kPa) 
Angle of internal friction (ϕ) (in0) 

Non-plastic 
0.306 
29.90 

 
2. EXPERIMENTAL PROGRAMME 
2.1 Materials and Samples Preparation for 
Testing 
In this study three materials are considered. Sands are 
collected from a local river, namely Ghoramara, 
passing near NIT Agartala, Tripura, India. The clayey-
silt soil is collected from Gulaghati, Tripura, India. Fly 
ash are collected from Kolaghat thermal power station, 
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Kolaghat, West Bengal, India. For testing of the mixes 
the oven dried fly ash and sand are mixed with the 
oven dried soil in different percentages (i.e.,10, 20, 30, 
40, 50 and 60%). The tests conducted as per ASTM 
standards and shown in Tables 1 to 3. 
 
Table 2 Physical and Engineering Properties of the 
Clayey-Silt Soil 

Properties Experimental 
Results 

Specific gravity 
Sand(4.75-0.075mm), % 
Silt(0.075-0.002mm), % 
Clay(<0.002mm), % 
Classification of soil 
(ASTM Standard) 
Name of soil group 
Natural water content, % 
Liquid limit, % 
Plastic limit, % 
Shrinkage limit, % 
Plasticity 
Light compaction: 
     MDD, (kN/m3) 
     OMC, (%) 
Cohesion (c) (kPa) 
Angle of internal friction (ϕ) (in 0) 
Heavy compaction: 
     MDD, (kN/m3) 
     OMC, (%) 

2.57 
                           1.40 

61.00 
37.60 

Clayey-silt soil with 
medium plasticity 

CI(Inorganic Clay) 
36.60 
45.20 
28.71 
23.21 

Medium Plastic 
 

15.76 
21.60 
45.00 
0.105 

 
                         18.05 

13.50 

 
Table 3 Physical and Engineering Properties of the Fly 
Ash 

Properties Experimental 
Results 

Specific gravity 
Sand size, % 
Silt size, % 
Clay size, % 
Plasticity index (PI), % 
Coefficient of uniformity, Cu 
Coefficient of curvature, Cc 
Name of the group 
Name of the group symbol 
Light compaction: 
     MDD, (kN/m3) 
     OMC, (%) 
Cohesion (c) (kPa) 
Angle of internal friction (ϕ) (in 0) 
Heavy compaction: 
     MDD, (kN/m3) 
     OMC, (%) 

2.09 
14.40 
77.3 

8.3 
Non-plastic 

3.895 
0.925 

Sandy-silt 
SM 

 
12.46 
25.80 
0.201 
31.93 

 
16.58 
18.50 

 
3. RESULTS AND DISCUSSIONS 
3.1 Effect on Unconfined Compressive Strength  
The unconfined compressive strengths (UCS) of the 
clayey-silt soil are found as 300 kPa and 430 kPa at 
standard and modified Proctor compaction 
respectively. The addition of fly ash decreased the UCS 
values as the amount of fly ash has been increased in 
the mix at both standard and modified compaction 

effort. The reason may be the flocculation in the 
particles. The flocculated particles become repulsive to 
each other and hence the UCS value decreases in both 
standard and modified Proctor compaction. The similar 
trend was examined by Bose (2012). But Senol et al. 
(2005) observed that Class C fly ash increased the UCS 
values at standard Proctor test of soft clayey soils. It is 
so because Class C fly ash has self-cementing 
properties, and so it does not require any activator. But 
in this study the additive was Class F fly ash which 
requires a cementing agent to produce cementitious 
compounds. As a result, it decreased the UCS of the 
soil of the present study when used with Class F fly 
ash.The typical stress-strain curves of the soil-fly ash 
mixes are shown in the Figures 1 and 2 at standard and 
modified Proctor compaction respectively. Table 4 
shows the various results of UCS values of the clayey-
silt soil and its mixes. When sand is added to the 
clayey-silt soil the voids present in the soil filled 
gradually by the finer particles of the sand as the sand 
percentage increased, after which the finer particles of 
the sand become as an excess and therefore not 
participate in filling the voids, due to which unconfined 
compressive strength value of the soil decreased after 
40% and 20% addition of sand at standard Proctor and 
modified Proctor compaction respectively. 
 

 
Fig. 1 Typical stress-strain curves for UCS of the clayey-
silt soil and soil-fly ash mixes at standard Proctor 
compaction 
 

 
Fig. 2 Typical stress-strain curves for UCS of the clayey-
silt soil and soil-fly ash mixes at modified Proctor 
compaction  
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Fig. 3 Typical shear stress-normal stress curve of clayey-
silt soil, fly ash and soil-fly ash mixes at standard Proctor 
compaction 
 
Table 4 Laboratory Test Results on Strength of the 
Clayey-Silt Soil and its Mixes 
Materials  
 

UCS 
(kPa) 
(at 
SPT) 

UCS 
(kPa) 
(at 
MPT) 

Shear 
stren
gth 
(kPa) 
(at 
SPT) 

Un-
soaked 
CBR 
values 
(%) 

Soaked 
CBR 

values 
(%) 

(at MPT) 
100S 300 410 45.27 54.50 3.90 
100FA − − 91.90 66.18 15.08 
100SA − − 85.32 − − 
90S+10FA 285 405 48.93 55.47 4.86 
80S+20FA 265 375 54.67 56.44 6.08 
70S+30FA 250 340 60.25 57.42 7.30 
60S+40FA 230 300 65.43 58.88 8.27 
50S+50FA 205 265 73.41 61.31 9.24 
40S+60FA 190 230 79.14 62.77 10.21 
90S+10SA 320 416 48.63 57.54 6.32 
80S+20SA 350 425 51.84 63.26 8.76 
70S+30SA 375 390 53.99 66.66 10.70 
60S+40SA 400 315 57.10 70.07 12.65 
50S+50SA 270 260 61.19 60.34 15.08 
40S+60SA 180 200 65.44 50.26 18.16 
Note: UCS=Unconfined compressive strength, S=Soil, SA= 
Sand, FA=Fly ash, SPT=Standard Proctor test, MPT=Modified 
Proctor test 
 
3.2 Effect on Shear Strength 
The shear strength of the clayey-silt soil, fly ash and 
sand are found as 45.27 kPa, 91.90 kPa and 85.32 kPa 
respectively at standard Proctor compaction. The 
addition of both fly ash and sand increases the angle of 
internal friction and decreases the cohesion value of the 
clayey-silt soil. However, the shear strength of the soil 
increases as the percentages of the fly ash or sand 
increases at standard Proctor compaction; because both 
of them increase the angle of internal friction between 
the particles of the mixes. It can be said that the 
material having higher frictional resistance will show 
the greater shear strength value. The typical shear 
stress vs. normal stress curve for soil-fly ash mixes is 
shown in the Figure 3 at standard Proctor compaction. 
The results of shear strength of the clayey-silt soil and 

of the mixes have been represented in the Table 4. 
From the table, it is observed that fly ash increased the 
shear strength of the soil more than sand. This may be 
due to the angle of internal friction of the fly ash which 
is greater in value compared to that of the sand. From 
this it can be said that the material which has the 
greater angle of internal friction shows the higher shear 
strength. 
 
3.3 Effect on Un-soaked CBR value 
The un-soaked CBR values of the clayey-silt soil and 
fly ash under modified Proctor compaction are 54.50% 
and 66.18% respectively. Fly ash increases the un-
soaked CBR of the soil but at slow rate. The 
flocculation in the particles of soil-fly ash mix broken 
due to increment of the energy; hence density increases 
and un-soaked CBR also increases. Also the cation 
exchange between the particles becomes lower due to 
which the rate of increment in CBR value become 
slow. The similar trend was observed by Prasad and 
Sharma (2013) and Athanasopoulou (2014).The sand 
increased the CBR value of the soil up to 40% addition 
and after that the same values decrease. Sand particles 
filled the voids in the soil mass and become well 
graded as a result the CBR values increases which are 
greater compared to soil-fly ash mixes. The typical 
load vs. penetration curves for soil-fly ash mixes has 
been shown in the Figure 4. The various results 
obtained from the laboratory tests on the soil and its 
mixes are shown in the Table 4. The similar trend was 
observed by Prasad and Sharma (2013) for CI type of 
soil-sand as well as soil-fly ash mixes at standard 
Proctor test and Athanasopoulou (2014) for CH type 
soil-fly ash mixtures and also by Bera (2011) for CL 
type soil-sand mixes.  

 
Fig. 4 Typical load-penetration curves for un-soaked CBR 
of clayey-silt soil and soil-fly ash mixes at modified 
Proctor compaction 
 
3.4 Effect on Soaked CBR value 
Soaked CBR values of the soil and fly ash are 3.90% 
and 15.08% respectively at modified Proctor 
compaction. Both fly ash and sand increase the soaked 
(4 days) CBR values of the clayey-silt soil. The fly ash 
as well as sand particles filled the gaps of the soil mass, 
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and as such the CBR values of the soil-fly ash mixes 
and soil-sand mixes increase. 
The CBR values of the soil-sand mixes are found 
greater than that of the soil-fly ash mixes because there 
are no formations of flocculation or cation exchange 
takes place in case of soil-sand mixes. The typical load 
vs. penetration curve for soil-fly ash mixes is shown in 
the Figure 5. The various results on soaked CBR tests 
are shown in the Table 4. The similar trend was 
observed by Prasad and Sharma (2013) for CI type of 
soil-sand as well as soil-fly ash mixes at standard 
Proctor test and also by Bera (2011) for CL type soil-
sand mixes. 

 
Fig. 5 Typical load-penetration curves for soaked CBR of 
clayey-silt soil and soil-fly ash mixes at modified Proctor 
compaction 
 
4. CONCLUSIONS 
Based on the results and discussions made above, 
following conclusions may be drawn below: 
• Sand can be used as an additive to the clayey-silt 

soil up to 40% and 20% by weight at light and 
heavy Proctor compaction respectively to obtain 
the maximum unconfined compressive strength. 
However, fly ash decreased the unconfined 
compressive strength; fly ash is not that much of 
suitable additive during an embankment 
construction with this type weaker soil. 

• Since both fly ash and sand increased the shear 
strength of the clayey-silt soil, both materials are 
suitable for increasing the bearing capacity of the 
soil for a shallow foundation. 

• Both fly ash and sand increased the un-soaked and 
soaked CBR value of the clayey-silt soil at 
modified Proctor compaction. However, addition 
of sand should be limited to 40% to get the 
maximum un-soaked CBR. 

• The material shows the higher shear strength 
which has the greater angle of internal friction 
even though the two chosen materials are of same 
kind. 
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