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Abstract

Rapid growth in thermal power plants acquires huge valuable lands for disposing coal
ash generated as a waste material from thermal power plants. In most of the thermal
power plants, the coal ash is dumped in the nearby low lying areas which results into
the formation of ash pond. Pond ash can be effectively used for various geotechnical
applications such as, filling low lying areas, construction of highways and embank-
ments to minimize the disposal problem. The utilization of pond ash in geotechnical
engineering applications needs thorough understanding of its physical, chemical, min-
eralogical, morphological and engineering properties. This paper presents a detailed
geotechnical characterization of pond ashes collected from Panki and Panipat thermal
power plants which comes under seismic zone Ill and IV respectively. From the labora-
tory studies, it is observed that Panki and Panipat pond ashes show low specific gravity
(2.21-2.338), good drainage characteristics (2.42E—05 m/s to 4.21E—05 m/s) and good
friction properties (33.04°-36.53°). So it can be effectively used for embankment con-
struction, backfill material, filter material etc.

Keywords: Pond ash, Grain size, Chemical properties, Compaction, Consolidation,
Triaxial test

Background

In India huge quantities of coal ash are generated as a waste material from thermal
power plants. The annual production of coal ash in India is about 112 million metric
tons and its disposal is a major problem. It has been observed that in most of the ther-
mal power plants, the coal ash is dumped in the nearby low lying areas which produces
“ash pond” These ash ponds have already occupied 65,000 acres of valuable land in India
[22]. Recent study shows that fly ash is a highly heterogeneous material showing differ-
ent chemical and mineralogical behavior of similar size particles. Characteristic of high
calcium fly ash is expected to vary more from source to source and time to time than
low calcium fly ash [3]. From literatures [16, 20, 25, 30, 31] it can be observed that low
calcium fly ashes can be effectively used for embankment construction and filling of low
lying areas. Use of fly ash as a replacement to cement has been reported by Gopalan and
Haque [4]. Joshi et al. [13] investigated use of lime-fly ash slurry for ground improvement
application. Studies related to fly ash characterization with reference to geotechnical
application has been reported by many researchers [2, 15, 28]. Very few researchers have
attempted to study the geotechnical characterization of pond ash [12, 26]. Hence, the
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use of pond ash in geotechnical application needs through understanding of its physical
and chemical properties, and engineering behavior. In the present study, geotechnical
characterization of pond ash samples collected from Panki and Panipat thermal power
plants under seismic zone III and IV respectively have been reported. Few geotechnical
properties of Panki and Panipat pond ash like, specific gravity, grain size, maximum dry
unit weight and angle of friction are presented in Mohanty and Patra [19]. The detailed
geotechnical characterization of Panki and Panipat pond ash including X-ray diffraction
(XRD), X-ray fluorescence (XRF), Scanning electron microscope (SEM), consolidation,
permeability and consolidated undrained behavior are presented in the present study.
Special attention has been made to study the applicability of low calcium pond ash in

geotechnical engineering filed.

Materials used

In the present study pond ash samples has been collected from two different seismic
zone sites in India namely Panki thermal power station (Kanpur, Uttar Pradesh) and
Panipat thermal power station (Panipat, Haryana) sites which comes under seismic zone
III and IV respectively (IS:1893-Part 1 [11]). All the ash samples were collected from
upstream sites of the ash pond embankments. Based on chemical analysis both the pond
ashes are classified as class “F” (ASTM C [1]). Table 1 shows chemical compositions of
both the pond ashes.

Experimental investigation

Pond ash samples collected from Panki and Panipat thermal power stations have been
tested in the laboratory to investigate its physical and chemical properties, and engi-
neering behavior. The physical properties of the pond ash like specific gravity have been
determined for both the pond ashes. X-ray diffraction (XRD) technique has been used
to determine atomic structure of crystalline substances present in the pond ash samples.
X-ray fluorescence (XRF) has been carried out to analyze the major oxides (in weight %)
and selected trace elements (in ppm) present in the samples. Scanning electron micro-
scope (SEM) studies have been carried out for both the pond ashes to study the indi-
vidual morphology of pond ash particles. To study geotechnical properties of pond ash

Table 1 Chemical composition (%) of Panki and Panipat pond ashes

Chemical composition (%) Panki Panipat
Silicon dioxide (SiO,) 61.1958 60.3834
Aluminum oxide (Al,O5) 24.0838 30.0436
Iron oxide (Fe,05) 9.8135 3.7632
Potassium oxide (K,0) 1.7609 1.9345
Titanium oxide (TiO,) 1.4687 1.8572
Calcium oxide (CaO) 0.6018 0.8119
Magnesium oxide (MgO) 0.5782 0.5246
Phosphorous pentoxide (P,0s) 0.2472 0.3613
Sulfur trioxide (SO5) 0.1069 0.151
Sodium oxide (Na,O) 0.133 0.1441

Strontium oxide (SrO) 0.0102 0.0252
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samples, grain size distribution, compaction, consolidation, permeability and consoli-
dated undrained (CU) triaxial shear tests have been carried out for both the pond ash
samples. The pond ashes tested consist of mostly sands and have low calcium. They are
non-plastic materials. Hence, it is no need to do the consistency test for the pond ash
material.

Testing methods and sample preparation

Specific gravity test

The specific gravity test of pond ash samples collected from Panki and Panipat thermal
power stations has been carried out as per IS: 2720-Part 3 [5] with distilled water and
deaired by heating on sand bath.

Mineralogy analysis using X-ray diffraction (XRD) test

About 10 gm of pond ash sample (passing through 75 um IS sieve) was taken in a glass
beaker and 5 ml of deaired water was added to it. Then the prepared solution was ran-
domly mounted on a glass slide and kept in desiccators for 24 h. After that the sam-
ple slide was ready for mineralogy analysis. All X-ray diffraction tests were performed
using the facility available at the Advanced Center for Materials Sciences (ACMS),
Indian Institute of Technology Kanpur (IITK). Prepared samples were run on Cu-Ka
(A = 1.5418 A) source, 122 Phillip Diffractometer (40 kV potential difference and 25 mA
current) at scan speed 1°/min, step size of 0.02° and 20 in the range of 5°-75°.

X-ray fluorescence (XRF) test

About 6 g of pond ash sample (passing through 75 um IS sieve) was taken and 0.6 gm
of boric acid was added to prepare the sample. In order to remove moisture from the
sample, the prepared samples were heated at 100° C in the oven for 1 h, then the samples
were grinded for complete homogeneity and then passed through 63 pum sieve (ASTM #
230). After that pressed powder pellets were prepared at the Advanced Center for Mate-
rials Sciences (ACMS), Indian Institute of Technology Kanpur (IITK) with the help of
stainless steel dye-cast having a diameter of 30 mm. Then samples were pressed on a
hydraulic pre machine with a pressure of 12—13 ton to make 30 mm diameter pressed
powder pellets and heated in oven for 1 h at 60 °C to remove any moisture absorbed by
the pellets. All the X-ray fluorescence tests were carried out using the Rigaku ZSX pri-
mus II wavelength dispersive X-ray fluorescence spectrometer (WDXRF) available in the
Advanced Center for Materials Sciences (ACMS), Indian Institute of Technology Kan-
pur (IITK). The instrument generates X-ray from cathode plate made up of Rh at 4 KW
power on end type X-ray generator. All the tests were carried out in vacuum at 50 kV
and 60 mA.

Scanning electron microscope (SEM) test

The morphological characteristics of the pond ash samples collected from Panki and
Panipat thermal power stations has been carried out using scanning electron micro-
scope (SEM) techniques available at the Advanced Center for Materials Sciences
(ACMS), Indian Institute of Technology Kanpur (IITK). About 1 gm of pond ash sample
was taken and placed on the instrument stub. Due to non conductive nature of pond ash
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sample, gold coating has been carried out to provide a conductive thin layer. Then intro-
duce the sample stub into the SEM vacuum chamber and activate the electron beam
when vacuum conditions meet those recommended by the manufacturer. All the SEM
tests were carried out using Zeiss EVO 50 SEM equipment with EHT voltage of 15 kV
and 7.5 mm of WD for different magnification.

Grain size distribution

Grain size distribution (as per IS: 2720-Part 4 [8]) for Panki and Panipat pond ashes were
carried out to determine the particle size of the pond ash samples. First sieve analysis
has been carried out for both the pond ashes and the mass of pond ash passing through
75 u sieve was taken for hydrometer analysis. The results of sieve and hydrometer analy-
sis have been used for the gradation of pond ash materials.

Compaction characteristics

In order to determine the maximum dry unit weight and optimum moisture content
(OMC) of the Panki and Panipat pond ash samples standard proctor tests was carried
out as per IS: 2720-Part 7 [6]. Oven dried pond ash sample has been thoroughly mixed
with sufficient quantity of water. The mixture was then placed into the proctor mould
and compacted in three layers giving 25 blows per layer with a 2.5 kg rammer dropped
from a height of 30 cm. The procedure has been repeated by increasing the amount of
water until a decrease or no change in the wet unit weight of the compacted pond ash

sample.

Compressibility characteristics

Compressibility characteristics of the pond ash samples have been investigated from one
dimensional consolidation tests (as per IS: 2720-Part 15, [9]). Pond ash samples were
prepared at a relative density of 50 and 65 % and compacted using a standard manual
rammer. Then the sample was placed in a consolidation ring and soaked for 24 h with
seating load of 5 kPa. After that loading and unloading has been carried out according to
IS 2720.

Permeability characteristics

The coefficient of permeability (k) of Panki and Panipat pond ash sample has been deter-
mined from the falling head permeameter. The falling head permeability test was car-
ried out as per IS: 2720-Part 17 [10] using a rigid wall compaction mould permeameter.
Pond ash samples were prepared at a relative density of 50 and 65 % and placed into the
permeameter using standard compaction technique. Then the sample was saturated by
using deaired water. Inlet nozzle of the mould was connected to the stand pipe and flow
of water was allowed until the steady flow. After that the time interval for a fall of head in
the stand pipe has been noted and was repeated five times to determine the time interval
for the same head.

Consolidated undrained triaxial shear test
In order to determine the shear strength parameters of the pond ash samples consoli-
dated undrained triaxial shear test were carried out as per the procedure given in IS:
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2720-Part 12 [7]. Here, moist tamping technique has been employed for the prepara-
tion of 50 mm diameter and 100 mm height pond ash samples at relative density of 50
and 65 %. Selection of quantity of water for a particular density has been chosen based
on the ability of the sample to stand by itself. Each sample was prepared in three layers
by compacting with tamping rod (nearly 48 mm diameter) and giving fixed number of
blows to each layer. Then filter paper and porous stone was placed on top and bottom of
the sample. After this rubber membrane was pulled over the sample and the assembly
was sealed with o-ring. Then saturation process was continued until the B (Pore Pressure
Parameter B, B = Au/Ac, Au = change in pore pressure, and Ao, = change in confining
pressure) value reached beyond 0.98. After that consolidation process was carried out to
a desired effective confining pressure and the change in volume was recorded. Finally,
shearing was done under confining pressure of 100, 200 and 300 kPa.

Results and discussion

Specific gravity test

Specific gravity is an important physical property to study the applicability of pond ash
in geotechnical field. The specific gravity test has been carried out for both the pond
ashes. The specific gravity of Panki and Panipat pond ashes were found to be 2.338 and
2.21 respectively [19] which lie in the range of specific gravity of Indian coal ashes [29].
From the test results it has been observed that pond ash sample collected from Panki
and Panipat thermal power station shows lower specific gravity value than that of the
natural soils. Panki pond ash shows little higher value than that of the Panipat pond ash.
These low values of specific gravity causes the reduction in dry unit weight of the pond
ash and make its utilization as a backfill material for retaining structures.

Mineralogy analysis using X-ray diffraction (XRD) Test

The XRD raw data, after removal of unwanted noise and spikes was processed using the
Traces software version 6.6.10 (GBS Scientific Equipment Pty. Ltd.). The presence of
inert minerals, are shown in Figs. 1, 2. From the XRD results it is found that Panki and
Panipat pond ashes predominantly consist of quartz and feldspar minerals. Also the pre-
sent results matches to the results of coal ashes reported by Powell et al. [23] and Gupta
[27].

X-ray fluorescence (XRF) test

X-ray fluorescence (XRF) has been carried out to analyze the major oxides (in weight
%) and selected trace elements (in ppm) present in the pond ash samples. The major
oxides and elements present in the Panki and Panipat pond ash samples are tabulated in
Tables 1 and 2. From XRF results it is observed that the presence of calcium oxide is very
low as compare to silica, alumina and iron oxides. The proportion of silica, alumina and
iron oxides together is about 95 % in both the pond ash samples, taking this into consid-
eration the pond ash samples are classified as class F category (ASTM C [1]). The loss on
ignition values for both Panki and Panipat pond ashes are below the maximum limit set
for class F fly ashes.
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Fig. 2 X-ray diffraction pattern for Panipat pond ash

Scanning electron microscope (SEM) test

The morphological characteristics of the pond ash samples collected from Panki and
Panipat thermal power stations has been carried out using scanning electron microscope
(SEM) techniques available at the Advanced Center for Materials Sciences (ACMS),
Indian Institute of Technology Kanpur (IITK). Typical results of Panipat pond ash sam-
ple tested at different magnifications are shown in Fig. 3. From Fig. 3 it can be noticed
that the pond ash particles are composed of irregular and spherical in shape with com-
plex pore structure.
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Table 2 Elements (%) present in Panki and Panipat pond ashes

Elements (%) Panki Panipat
0 48405 49279
Si 28.605 28.226
Al 12.746 15.901
Fe 6.8639 26321
K 14619 1.606
Ti 0.8805 1.1134
Ca 04301 0.5803
Mg 0.3487 03164
p 0.1079 0.1577
Na 0.0987 0.1069
S 0.0428 0.0605
Sr 0.0086 0.0213

i

EHT =15.00 kv Signal A= SE1 Date 8 Nov 2012 1 20pm EHT =15.00 kv Date 18 Nov 2012
| wp=75mm Mag= 500X Time :13:08:14. WD = 75mm Time :13:09:13

Signal A = SE1 Date :8 Nov 2012 : Signal A = SE1 Date :8 Nov 2012
M Time :13:12:42 WD= 75mm Mag= 600KX Time :13:06:08

Fig. 3 Scanning electron micrographs of group and individual particles of Panipat pond ash

Grain size distribution

Grain size distribution analysis has been carried out for Panki and Panipat pond ashes.
Figure 4 shows the grain size distribution curves of Panki and Panipat pond ashes. In
the present study the pond ash samples were classified as per Unified Soil Classifica-
tion System. From the grain size distribution curve, the percentage of silt, sand and clay
fraction in Panki and Panipat pond ash are found to be 4.809, 95.167, 0 and 12.014 %,
87.243 %, 0 % respectively. Also it has been observed that pond ash samples collected
from Panki and Panipat thermal power stations are in poorly graded sand and silty sand

Page 7 of 18
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Fig. 4 Grain size distribution curves for Panki and Panipat pond ash samples

range respectively. The grain size distribution and gradation characteristics of Panki
and Panipat pond ashes are tabulated in Table 3. The investigation shows that the major
portions of pond ashes are coarser particles i.e. sand size fraction with some silt size
fraction. The value of coefficient of uniformity and coefficient of curvature of the Panki
and Panipat pond ashes is 2.25 and 0.84; 2.045 and 0.736 respectively [19]. The present
results are compared with the results reported by Pandian [21] for Indian coal ash. It has

been observed that the present results are within the range of Indian coal ash.

Compaction characteristics

Standard proctor tests have been carried out to study the compaction characteristics of
Panki and Panipat pond ash samples. Figure 5 shows the compaction curve for Panki
and Panipat pond ash. The maximum dry unit weight and optimum moisture con-
tent of the Panki and Panipat pond ashes are 11.21 kN/m?® and 34.6 %; 10.4 kN/m> and
42.14 % respectively [19]. Panki pond ash shows higher dry unit weight as compare to

Table 3 Grain size characteristics of Panki and Panipat pond ashes

Properties Panki Panipat
Gravel % (>4.75 mm) 0.024 0.743
Sand % (4.75-0.075 mm) 95.167 87.243
Silt % (0.002-0.075 mm) 4.809 12014
Clay % (<0.002 mm) 0 0
Coefficient of uniformity (C,) 2.25 2.045
Coefficient of curvature (C.) 0.8403 0.736
Dy, size, mm 0.08 0.07335
D3, size, mm 0.11 0.09
D¢ size, mm 0.18 0.15
Group symbol SP SM

Group hame Poorly graded sands with little fines Silty sands
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Fig. 5 Compaction curves for Panki and Panipat pond ash samples

Panipat pond ash. This is mainly due to the higher specific gravity value of Panki pond
ash sample. It is observed that maximum dry unit weight and optimum moisture content
are inversely correlated. Also it is clear that the compaction curve of Panki pond ash
moves towards left due to the presence of coarser particles. The 100 % saturation lines of
both the pond ash samples have been plotted for their respective specific gravity values
(Fig. 5). After comparing the present results with soils it is observed that maximum dry
unit weight of pond ashes are lower than soils because of their lower specific gravity val-
ues [14]. Also it has been observed that maximum dry unit weight and optimum mois-
ture content of the Panki and Panipat pond ashes are coming within the range of Indian
fly ash [21].

Compressibility characteristics

In order to investigate the compressibility characteristics of the Panki and Panipat pond
ash samples, one dimensional consolidation tests have been conducted considering the
effect of relative density, degree of saturation, self hardening characteristics and poz-
zolanic activity on compression of pond ash. The compressibility of coal ashes reduces
considerably with age hardening properties which in return reduce the time rate of con-
solidation as well as the magnitude of compressibility [18]. Similar observations have
been noticed from the experimental investigations. Figures 6 and 7 shows the variation
of void ratio with effective confining pressure for Panki and Panipat pond ash samples
tested at 50 and 65 % relative density respectively. From the test results, it is observed
that Panipat pond ash shows high compressibility value as compare to Panki pond ash
at 50 and 65 % relative density. The compressibility characteristics of Panki and Pani-
pat pond ashes are tabulated in Table 4. The compression index of Panki and Panipat
pond ash samples varies from 0.083 to 0.132 and 0.169 to 0.344 respectively. Comparing
these results with the available data for pond ash reported by Jakka et al. [12], it can be
observed that Panki and Panipat pond ash shows higher compressibility value.
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Table 4 Permeability and compressibility characteristics of Panki and Panipat pond ashes

Material Change in void ratio, (Ae) Coefficient of permeability, k (m/sec) Compression
index, C,

Panki (50 % RD) 0.157 421E-05 0.132

Panki (65 % RD) 0.119 3.78E—05 0.083

Panipat (50 % RD) 0.556 2.93E-05 0.344

Panipat (65 % RD) 0.153 242E—-05 0.169

Page 10 of 18
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Permeability characteristics

Considering the presence of fine particles in the ash material falling head permeabil-
ity test has been adopted to investigate the permeability characteristics of the pond ash
samples. From the test results, it can be noticed that both Panki and Panipat pond ash
tested at a relative density of 50 and 65 % shows good drainage characteristics. The per-
meability characteristics of Panki and Panipat pond ashes are tabulated in Table 4. It
has been observed that the coefficient of permeability of Panki and Panipat pond ash
samples varies from 3.78E—05 m/s to 4.21E—05 m/s and 2.42E—05 m/s to 2.93E—05 m/s
respectively which lies in the range of sandy soil. Panipat pond ash shows little lower
coefficient of permeability values as compare to Panki pond ash because of the pres-
ence of silt size particles. By comparing the present results with the results of pond ash
reported by Jakka et al. [12], it can be observed that Panki and Panipat pond ash shows
little higher permeability value.

Consolidated undrained triaxial shear test

The situation where the pond ash is sheared under applied stress, excess pore pressure is
produced that may not escape depending on the available time and drainage path. Such
cases, strength parameters based on consolidated undrained (CU) test plays a vital role.
From this test the relationship between induced excess pore water pressure and axial
strain can be observed. In the present study shear strength properties of Panki and Pani-
pat pond ashes are investigated by conducting series of consolidated undrained triax-
ial tests considering the effect of relative density (50 and 65 %) and confining pressure
(100, 200 and 300 kPa) on strength properties. The deformation rate of 0.6 mm/min was
maintained for all the tests. Figures 8, 9, 10, 11, 12, 13, 14, 15 show the results of varia-
tion of deviator stress and excess pore water pressure with axial strain. From the results
it is observed that the behavior of deviator stress and excess pore water pressure with
axial strain is similar for the two pond ash samples tested at different relative density (50
and 65 %) and confining pressure (100, 200 and 300 kPa). For all the confining pressure
pond ash samples exhibited contractive behavior during static shear loading condition.

14004 | Panki Pond Ash
Dr =50 %, Strain Rate = 0.6 mm/min

12009 o Confining Stress = 100 kPa )

—0— Confining Stress =200 kPa
—A— Confining Stress = 300 kPa

1000

8004

600

400 4

Deviatoric stress (c,-c,), kPa

200 4

28 32
Axial strain, & (%)

Fig. 8 Deviatoric stress vs. axial strain curve of Panki Pond Ash (D, = 50 %)
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Fig. 10 Deviatoric stress vs. axial strain curve of Panki Pond Ash (D, = 65 %)

It has also been observed that the amount of contraction and excess pore water pres-
sure generation increases with increase in confining pressure for both Panki and Panipat
pond ash samples under undrained condition. Panki pond ash shows higher contrac-
tion and excess pore water pressure value as compare to Panipat pond ash. In case of
50 % relative density, the peak deviator stress of Panki and Panipat pond ash samples
varies from 345.1 kPa to 887.7 kPa and 285.21 kPa to 695.41 kPa with axial strain of
14-22 % and 16-22 % for confining pressures of 100-300 kPa respectively. Similarly for
samples tested at 65 % relative density, the variation of peak deviator stress of Panki and
Panipat pond ash ranges from 375.23 to 945.14 kPa and 305.02 to 750.31 kPa with axial
strain of 17 to 24 % and 19 to 24 % for confining pressure of 100 to 300 kPa respectively.
Maximum deviator stress has been used for calculating the effective strength parameters
of the pond ash samples. The angle of friction of Panki and Panipat pond ash samples
varies from 36.53° to 37.68° and 33.04° to 34.28° respectively [19] and are presented in
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Table 5. The effective cohesion value of both the pond ash samples is found to be zero
which indicates non cohesive nature of pond ash.

The reported geotechnical properties of pond ashes, bottom ashes, fly ashes and sand
are compared with the geotechnical properties of pond ashes from Panki and Pani-
pat sites and presented in Table 6. It is observed that the specific gravity of Panki and
Panipat pond ashes are in the range of specific gravity of reported coal ashes and sand
(1.47-2.72, Table 6). The results of grain size analysis indicate that the coal ashes (pond
ashes, bottom ashes and fly ashes) can be classified as sandy silt to silty sand. Also the
maximum dry unit weight of present pond ashes (10.4—11.2 kN/m?) is lesser than that
of reported Indian pond ashes and sand (11.6-17.1 kN/m?). However, the maximum dry
unit weight of present pond ashes are coming within the range of reported maximum
dry unit weights of Indian and United State fly ashes (Table 6). The compression index
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of Panki and Panipat pond ashes (0.08—0.34) are in the range of Indian pond ashes and
bottom ashes (0.051-0.484), and United State fly ashes (0.05-0.4). Panipat pond ash
shows higher compression index as compared to reported Indian pond ashes, fly ashes
and sand. The coefficient of permeability of Panki and Panipat pond ashes (2.42E—05
to 4.21E—05) are in the range of Yamuna sand (2.1E-05 to 6.0E—05). Pond ashes from
Panki and Panipat sites show little higher permeability values as compared to Indian and
United State coal ashes. The angle of friction of Panki and Panipat pond ashes (33.04°—
37.68°) are in the range of angle of friction of reported Indian pond ashes and fly ashes,
United State fly ashes and sand (25°-41.7°).

Conclusions
A variety of tests were conducted on pond ash samples collected from Panki and Panipat
thermal power station to study the physical, chemical, mineralogical, morphological and
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Table 5 Effective strength parameters of Panki and Panipat pond ashes

Material Cohesion, ¢’ (kPa) Angle of friction, ¢’ (°)
Panki (50 % RD) 0 36.53
Panki (65 % RD) 0 37.68
Panipat (50 % RD) 0 33.04
Panipat (65 % RD) 0 34.28

engineering behavior. Based on the experimental investigations, following are the main

conclusions.

1. Both the pond ash samples show low specific gravity value ranges from 2.21 to 2.338.
This may be due to the presence of large amount of hollow cenospheres.

2. XRD results indicate that Panki and Panipat pond ashes predominantly consist of
quartz and feldspar minerals. From XRF results it is observed that the proportion of
silica, alumina and iron oxides together is about 95 % in both the pond ash samples,
taking this into consideration the pond ash samples are classified as class F category.

3. The grain size distribution curve shows that the major portions of pond ashes are
coarser particles i.e. sand size fraction with some silt size fraction which can be used
for embankment and fill material.

4. Compaction characteristics show that dry unit weight of Panki pond ash is higher
than Panipat pond ash. This is mainly due to the higher specific gravity value of Panki
pond ash sample.

5. The compression index of Panki and Panipat pond ash samples varies from 0.083
to 0.132 and 0.169 to 0.344 respectively. Similarly the coefficient of permeability of
Panki and Panipat pond ash samples varies from 3.78E—05 m/s to 4.21E—05 m/s and
2.42E—05 m/s to 2.93E—05 m/s respectively which lies in the range of sandy soil and
can be used as filter material.
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6. The angle of friction of Panki and Panipat pond ash samples varies from 36.53° to
37.68° and 33.04° to 34.28° respectively. But the effective cohesion value of both the
pond ash samples is found to be zero which indicates non cohesive nature of pond
ash. From the above results it is observed that pond ash has good potential for use
as a material for geotechnical applications like embankment construction, backfill
material, filter material etc.
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