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ABSTRACT: Two different laboratory tests, i.e., California bearing ratio (CBR) and permeability have been conducted on 
fly ash both in unreinforced and reinforced with nonwoven geotextiles. CBR test is conducted on fly ash and the values 
are 11.23% and 16.27% at 2.5 mm and 5 mm respectively. After reinforcement provided in three different layers, i.e., two 
layers in middle with fly ash layer in between, one layer each in middle and bottom, and one layer each in top, middle and 
bottom, the CBR values increases within the ranges between 11.72‒17.58% at 2.5 mm and 17.5‒ 22.46% at 5 mm 
penetration. However, the most improved (i.e., increased) values are observed when reinforcement is provided in three 
layers at equal interval. The permeability (k) value of well compacted fly ash is 3.30 ×10-7 m/s. The permeability value 
decreases after reinforcement has been provided in different layers and within the ranges 8.14 ×10-8 ‒ 9.8×10-8 m/s and the 
most improved (i.e., decreased) values are observed in three layers reinforcement at equal interval. The modified 
permeability value minimizes the seepage of water through a fly ash embankment. So the fly ash and reinforced fly ash 
can be used as a structural fill and embankment materials. 
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1. INTRODUCTION 
The disposal operation of fly ash is made either in dry 
condition or in wet condition, but in both the ways it 
consumes large area of land and also hampers the 
environment. Thus it has become very important to 
overcome the disposal problem of fly ash before it 
could cause more destruction to the environment. To 
increase the use of fly ash as a construction material, it 
is very essential to boost its properties since raw fly ash 
cannot be utilized as earth material, it will have to be 
used in conjunction with other materials. 
Many researchers had worked on the index and 
engineering properties of fly ash and geotextiles in 
order to find out their inventive use in the field of 
construction. Iryo and Rowe (2003) studied the 
permeability behaviour of unsaturated nonwoven 
geotextiles in conjunction with soil and concluded that 
the geotextile can change from a pervious to an 
effectively impervious material as the water 
characteristic curve and permeability function for the 
geotextiles studied were steeper as compared to sand 
and also the air and water entry values of geotextiles 
were very small. Pickles and Zornberg (2012) studied 
the permeability behaviour of unsaturated nonwoven 
geotextiles in order to use it as capillary barriers and 

concluded that the interface of the two materials may 
create a capillary break which had the capability of 
preventing flow of moisture until the soil adjoining to 
the geotextile was nearly saturated. Prasad et al. (2014) 
in their investigation found that inclusion of geotextiles 
in soil as reinforcement increased the CBR values and 
with increase in number of layers of reinforcement, 
CBR values also increased. In the present paper an 
effort has been made to evaluate the properties of fly 
ash using nonwoven geotextile as reinforcing material.  

Many researchers have been studied on soil-geotextile 
combination and soil-fly ash-geotextile combination 
but there is paucity of data on fly ash-geotextile 
combination. Most of the study was made using 
geotextile as a fibre mixed with soil or fly ash or with 
both, but very less study has been conducted on fly ash 
using geotextile sheet as reinforcing material. The 
present study highlights the properties of fly ash using 
nonwoven geotextiles as reinforcing layer. 

2. MATERIALS AND METHODS 

2.1 Materials Used 

Fly ash used in the present study has been collected 
from the Thermal Power Station situated in Kolaghat, 
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West Bengal, India. The fly ash used in the present 
study belongs to Class F fly ash. 
In the present investigation, the geotextile used is a 
polypropylene needle punched nonwoven geotextile 
with 400 gm/m2 mass per unit area and thickness of 3.5 
mm having a tensile strength of 24.5 KN/m. The 
materials used in the present study have been 
represented as shown below: 
 
FA: Fly ash; 
NW: Nonwoven geotextile; 
MB: FA+NW+FA+NW (middle and bottom); 
M: FA+NW+FA+NW+FA (only middle); and 
3L: NW+FA+NW+FA+NW (top, middle and bottom). 
 
2.2 Sample Preparations 

The samples used in the present investigation are 
arranged at its OMC and MDD obtained from standard 
Proctor compaction test as per ASTM D 698-07. The 
geotextiles reinforcement used in different layers is 
shown in Figure 1.                                                     

 
Fig. 1 Reinforcement used in different layers 

 
Fig. 2 Grain size distribution curve of fly ash 
 

2.3 Experimental Procedure 

Different experiments have been carried out as per 

ASTM standards on fly ash with and without 
reinforcement for determining its physical and 
engineering properties. 
Grain size analysis has been carried out on fly ash by 
hydrometer as per ASTM D 422-63. The grain size 
distribution curve of unreinforced fly ash is shown in 
Figure 2. From the curve the sand size (4.75 ‒ 0.075 
mm), silt size (0.075 ‒ 0.002 mm) and clay size 
(<0.002) of fly ash is found as 14.17%, 77.33% and 
8.5%. The coefficient of uniformity (Cu) and 
coefficient of curvature (Cc) for fly ash found as 3.889 
and 0.917 respectively. The specific gravity of fly ash 
is 2.13 which is lower than the conventional earth 
material. The maximum dry density (MDD) 
corresponding to optimum moisture content (OMC) is 
11.98 kN/m3, as per standard Proctor compaction. A 
plot showing dry density versus water content is shown 
in Figure 3. From figure, the optimum moisture content 
is obtained as 26.8%.  

 
 

 

3. RESULTS AND DISCUSSIONS 

The main aim of the present study is to bring out the 
effect of fly ash reinforced with nonwoven geotextile 
on CBR and permeability respectively. Accordingly, 
detailed discussions have been made in the subsequent 
sections.  
 
3.1 Effect of Geotextiles on California Bearing 
Ratio (CBR) of Fly Ash 
To analyse the effect of geotextile on CBR value of fly 
ash, un-soaked CBR test as per ASTM D1883 has been 
carried out on fly ash. The relevant plot and CBR 

Fig. 3 Dry density vs. water content curve of fly ash 
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values of fly ash with and without reinforcement are 
presented in Figure 4 and Table 1. From relevant 
figure, it is exposed that when the geotextile is used in 
the form of reinforcement, it gives a very positive 
result in terms of bearing capacity. The CBR value of 
unreinforced fly ash is found 11.23% and 16.27% at 
2.5 mm and 5 mm penetration respectively, whereas 
the CBR value of fly ash reinforced with nonwoven 
geotextile in different layers ranges from 11.72% to 
17.58% at 2.5 mm and 17.57% to 22.46% at 5 mm 
penetration respectively. So it can be seen that there is 
an improvement in CBR value when reinforced with 
nonwoven geotextile in different layers. However, the 
maximum improvement in CBR value is observed 
when reinforcement is provided in three layers and the 
value was found to be 22.46% at 5 mm penetration. So 
this type of material i.e., FA + NW can be used in 
highway construction. Prasad et al. (2014) observed 
similar trend in increase in overall CBR strength after 
reinforcement of geotextile had been provided. The 
increase in CBR value may be because geotextiles has 
interlocking property and have good tensile strength as 
compared to the fly ash. According to Singh (2013), 
the main function of the interlock was to transfer the 
overall stress from the fly ash to the reinforcing 
materials and as a result of which tensile strain 
decreased, and load carrying capacity of reinforced fly 
ash increased.  

 
  
 
 
3.2 Effect of Geotextiles on Permeability (k) of 
Fly Ash 

In order to study the outcome of geotextile on 
permeability behaviour on fly ash, falling head 
permeability tests as per ASTM D5856-95 are 
performed on both unreinforced and reinforced fly ash. 
Relevant plot is presented in Figure 5. The variations in 
k values of fly ash with and without reinforcement are 
highlighted in Table 1. Figure 5 highlights the 
hydraulic conductivity behaviour versus flow period 
which shows that with increase in flow period, the co-
efficient of permeability (k) decreases for fly ash with 
and without reinforcement. Similar trend had been 
observed by Pal and Ghosh (2011). The decrease in 
hydraulic conductivity (k) value with increase in flow 
period may be because of the rearrangement of fly ash 
particles. The k value of fly ash is found 3.30×10-7 
m/sec. Fly ash is highly permeable in nature as it 
contains large amount of voids. But after providing 
nonwoven geotextile as reinforcement in different 
layers, the k value decreases and value ranges from 
8.14×10-8 to 9.8×10-8 m/sec. However, the most 
decreased value is observed in 3 layers of 
reinforcement at equal interval (i.e., 
NW+FA+NW+FA+NW). The decrease in k values 
may be because of the material being used as 
reinforcement which is spongy in nature and as per 
Iryo and Rowe (2003), the decreasing trend in k values 
may be because the air and water entry values of 
geotextiles were very small which implied that 
geotextile can change from a permeable to an 
impermeable material. Zornberg and Pickles (2012) 
also observed that nonwoven geotextile imparts least 
hydraulic conductivity.  
 
Table 1 Values of CBR and Permeability (k) of 
Unreinforced and Reinforced Fly Ash 

Specimen California 
Bearing Ratio 

(%) 

Percentage 
variation in 
CBR value 

w.r.t FA (%) 

Hydraulic 
conducti 

vity, k 
(m/sec) 

 2.5  
mm 

5  
mm 

2.5 
mm 

5  
mm 

 

F.A 11.23 16.27    -    - 3.30 
×10-7 

NW-M 11.72 17.57 4.36 7.99 9.80 
×10-8 

NW-MB 11.73 17.58 4.45 8.10 9.86 
×10-8 

NW-3L 17.58 22.46 56.54 38.04 8.14 
       ×10-8 

 

Fig. 4 Load vs. penetration curve of fly ash with and 
without reinforcement 
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4.  CONCLUSIONS 

 As per the results and discussions made above, the 
following conclusions may be drawn: 

• Due to relatively low unit weight i.e., 11.98 
kN/m3 of fly ash, the fly ash makes well 
suited for placement over low bearing 
strength of soil.  

• The maximum improvement of California 
bearing ratio (CBR) for fly ash reinforced 
with nonwoven geotextiles over fly ash 
without reinforcement is observed 38.05% 
and 56.54% at 5 mm and 2.5 mm penetration 
respectively. 

• The hydraulic conductivity value decreases for 
fly ash reinforced with nonwoven geotextile 
and the values are found in the range of 8.14 
×10-8‒9.8×10-8 m/s and the most decreased 
value is observed when reinforcement has 
been provided in three consecutive layers. 

• Due to the provision of geotextiles to the fly 
ash, it modifies the behaviour of fly ash. So, 
from this point of view, the reinforced 
material can be used in highway construction 
and as structural fill materials.      
  

NOTATIONS 

The following symbols are used in this paper: 

FA Fly Ash 

NW Nonwoven Geotextile 

Cu Coefficient of Uniformity 

Cc Coefficient of Curvature 

MDD Maximum Dry Density 

OMC Optimum Moisture Content 

CBR California Bearing Ratio 

k Hydraulic Conductivity 
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Fig. 5 Hydraulic conductivity vs.  flow period of fly 
ash with and without reinforcement 
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