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Abstract 

This work presents an industrial waste-derived subbase material that can take the place of conventional 

granular material for subbase in hardstand foundation construction. This industrial waste hugely 

deposited in the ash lagoons namely Pond Ash (PA) which is globally generated at an amount of 780 

Metric Tons from thermal power plants annually ,as foundation material for hardstand construction, 

will not only help the cause of residual waste disposal problems but will also solve other associated 

shortcomings like, lower utility and degrading environmental impact, and will also provide an 

economic alternative. This study analyses the geotechnical, morphological, mineralogical and 

polymeric properties of PA samples, designs a numerical model for safe foundation depth and a 

physical model for measuring the deflection using Light Falling Weight Deflectometer (LFWD) using 

PA as subbase material, replacing Sand as CGM along with the associated cost benefit. The research 

work reveals that PA in itself be a suitable material for foundation subbase. The LFWD shows peak 

surface deflection modulus differs only by 1% from CGM. 

 

Keywords: Pond ash, chemical composition, geotechnical and polymeric characteristics, XRD, FTIR, 
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INTRODUCTION 

The disposal of waste products and by-products is one of the biggest issues facing processing and 
manufacturing industries. These readily available residual wastes are directly associated with the 

production of electricity by the combustion of coal, 
which results in the deposition of ash at the bottom 
in major quantities identified as Bottom Ash (BA), 
which is subsequently combined with water and 
kept in ash lagoons to create Pond Ash (PA). Indian 
coal-based thermal power plants generate 221 MT 
of PA annually, which is the highest [1–25]. 
Continuity of this and fuelled by India’s vast coal 
reserve, it is estimated that 600 MT of PA will be 
generated annually by the year 2031-2032. 
However, with the current level of PA utilization 
efforts in India reaching nowhere near its 100% 
utilization target [8], its availability is becoming 
more appreciated. In contrast, condemning the use 
of sand became necessary owing to the rising 
consumption of aggregates in concretization, 
including its burial in foundation layers [1–11]. 
Under such conditions, the need for affordable 
building materials with fewer adverse effects on the 
environment is rapidly expanding. Therefore, 
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because of its pozzolanic qualities, PA is considered as an alternative subbase material in this research. 
Much successful work has already been done using cement [26, 27] and lime [4] stabilized coal 
combustion ash along with fiber reinforcement [26, 28, 29] as a material for subbase construction for 
pavements; however, few attempts have been made to use virgin PA as a hardstand foundation subbase 
material where sand is generally used.  

 

Therefore, this study attempts to provide methods for the dependable integration of virgin PA from 
ash disposal ponds into hardstand foundation layers. This study tested the geopolymeric nature of PA 

in an alkaline environment [30–35] and used laboratory test data to mathematically calculate the 
anticipated in situ behavior. By evaluating the deviation from the physical model, created using PA as 

a subbase material under LFWD, mathematical design charts are ultimately produced to help users 
determine the safe thickness of foundation layers, including PA. 

 
Hardstand Foundation Layer Practice and Materials Used 

In practice, the Hardstand foundation layer is similar to that of the conventional flexible pavement 
foundation layer [26, 31], mostly the subgrade, unbound, and bound layers, which are frequently 

completed before the surfacing course [17]. Locally available soil was used as the subgrade layer. The 
subbase is composed of unbound granular materials such as crushed stones, moorum, natural sand, and 

gravel [2]. Water Bound Macadam (WBM) or Wet Mix Macadam (WMM) forms an unbound base 
layer, where physical interlocking and suction due to water-added compaction between the materials 

hold them together. The bound layer is divided into Dense Bituminous Macadam over the WBM 

preceded by Bituminous Concrete (BC), Cement Concrete (CC) slab, or Concrete Block Pavement 
(CBP) [17]. 

 
Situation in India 

India is ranked 16th in terms of its largest maritime country worldwide. Maritime transportation has 
been instrumental for 95% of the country’s trading volume and 70% by valuation. The cargo traffic at 

major ports of the country increased by 2.41% from the financial year 2017 to 679.39 MT [9], and the 
Indian government has planned to develop six new strings of mega ports to provide further boost to the 

country’s economy. This program has bought lakhs of square meters of area under the construction 
schedule forhardstand. 

 
In contrast, Indian thermal power plants produced 217.04 MT of PA in 2018-19 [26] and utilized 

168.40 MT of PA, suggesting an effective usage of 77.59% [8]. This high production and low 
percentage utilization of PA has already consumed an area of 65000 acres of land and is planned to 

occupy more as the PA generation is expected to cross 225 MT in the near future [27]. In addition to 
the consumption of acres of land, disposed PA cause serious environmental and health hazard [10]. 

However, the extensive construction schedule has led to increasing consumption of naturally occurring 

aggregates [8], making it necessary to formulate “The Sustainable Sand Mining Management Guideline 
2016,” which condemns the extensive use of sand in concretization, including its burial for foundation 

layers [8]. The main focus of this research is to discuss the possibility of virgin PA as a material for the 
confinement subbase layer in hardstand construction. 

 
THE RATIONALE BEHIND REPLACING CGM BY POND ASH 

This study goes through numerous investigations, suggesting plenty of successful case histories of 
the utilization of Coal Ash as a partial replacement. Investigators have used 9% cement and 3% FA to 

stabilize soil for pavement foundations [4], embankment construction materials [24], and structural fill 
[6]. Researchers have used it for grouting [15] and as a partial replacement of cement by up to 30% by 

weight [12] for subsidence control [20]. Research has indicated that the use of pulverized coal ash filler 
lowers the possibility of mining pillar failure and has been effectively used to stabilize it [7]. Coal ash 

mixed at 15% to 20% by weight along with mill tailings, rock, and binding agents has been found to be 
effective in making a consolidated backfill material that improves the extraction percentage in coal 

mines [23]. 
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Studies on container port pavements have shown that coal ash is useful as an inexpensive, low-

maintenance binder in hydraulically bound mixtures for base and sub-base courses [16]. The removal 

and replacement technique used in this study was previously undertaken by researchers, where 

unsuitable soils were replaced with marine fill sand [22], and Recycled Concrete Aggregate (RCA) was 

used for the base course [28]. 

 

Investigators have conducted extensive research on BA as a subbase material [1], along with the 

results from cyclic triaxial tests that have helped in understanding the resilient and plastic behavior of 

Coal Combustion Ash (CCA) [19]. The compacted aggregate-free, cement-stabilized CCA base at 10% 

by weight provided researchers with satisfactory performance for the base layer of pavements [13]. 

CCA mixed with additives such as gypsum and lime 15%-20% and 0%-5% by weight, respectively, is 

used for pavement foundation layers [21]. Polypropylene fibers are added to FA as admixtures in 0.5% 

by weight and utilized as fiber-reinforced CCA in road subbases [29]. Cement- and GBFS-stabilized 

FA mixes of 8% and 40% by weight, respectively, provided sufficient CBR for the mixture to be suitable 

for the base and subbase of roadway pavements [12, 30]. Geotechnical characterization of CCA 

composites was performed to backfill mine voids [21]. Experiments conducted to check the durability 

and strength of lime-stabilized FA provided satisfactory results such that they could find applications 

in the base and subbase course of pavements [3], and satisfactory investigational works were also 

conducted on the resilient characteristics of BA [32]. Pavements with a cement-treated base layer, with 

and without FA, showed a comparatively more suitable performance [18]. Studies have revealed that 

the physical, chemical, morphological, and mineralogical analysis of CCA, along with its mechanical 

performance and polymeric properties [35], compares favorably with CGM and can be effectively used 

as an economic highway material [14]. 

 

In 1970, geopolymers were conceptualized as inorganic cementitious materials, primarily composed 

of an excessive percentage of silicon aluminum natural minerals, mainly in solid waste [36]. These are 

formed by the polymerization of inorganic polymers. CCA, which has this required chemical 

composition, has been used by researchers to successfully prepare mineral polymeric materials [37, 38]. 

Recently, many studies have been conducted by considering the impact of CCA-based polymer 

materials and the broad prospects of their applications [39–41]. 

 

The literature reviews showed successful outcomes because FA can be utilized as a replacement 

material for the unbound base and subbase layers of pavements using different additives [11]. However, 

there is a lacuna in the behavior of hardstand foundation layers using virgin PA without any additives 

or reinforcements as the sub-base layer material. Restrictions on extensive sand usage have made it 

necessary to utilize PA as a hardstand sub-base layer material. In addition to its hydrophobic quality, 

which increases its capacity to absorb and release water and strengthens its permeability, its pozzolanic 

nature along with its geopolymeric attributes guarantees the stability of the subbase layer [8]. Another 

associated challenge is determining the safe depth of the newly formed subbase layer, which is 

important for the construction cost and corresponding service life of the structure. 

 

AIM AND SCOPE OF WORK 

This investigation is aimed at the utilization of virgin PA as a subbase material in the confinement of 

a hardstand foundation, and provides it with a safe depth, which will allow adequate structural 

performance, which is also economical. The experiment was carried out in two stages to understand the 

behavior of the virgin PA without any additives. The purpose of this study was to evaluate the strength, 

deformability, volume stability, permeability, and erodibility of virgin PA samples in comparison to 

CGM, which is to be used as a replacement for CGM for confined subbase layer construction of 

hardstand foundations. Comparative analysis was performed between the CGM and virgin PA samples 

to determine their suitability for application by performing proctor compaction, triaxial tests, 

Unconfined Compressive Strength (UCS) tests, etc. Important geotechnical properties were analyzed 

and used in this study for numerical analysis of the safe subbase layer depth calculation. 
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The Mineralogical, morphological, and polymeric characteristics of the PA samples were analyzed 
to determine their suitability as subbase layer materials. This was followed by the preparation of a 
physical model to evaluate the performance of the compacted samples using LFWD. The test data were 
analyzed using LWDmod software to obtain the differences in the Peak Surface Deflection Modulus 
(ESURF) and corresponding Peak Surface Deflection for the samples. 

 
METHODOLOGY AND EXPERIMENTAL PROGRAM 

The experiment was performed in two stages: characterization of the collected PA sample, evaluation 
of the geotechnical properties, and calculation of the safe foundation layer depth using standard 
mathematical calculations. The chemical properties of the samples were analyzed in the IIEST Shibpur 
chemistry laboratory, followed by an analysis of the geotechnical properties that were performed in the 
geotechnical laboratory of the same. The outcomes were validated by analyzing the morphological, 
mineralogical, and polymeric properties of the sample obtained from the Metallurgy Department, 
Centre of Excellence in Green Energy and Sensor (CEGESS) IIEST, Shibpur, and S.N. Bose National 
Centre for Basic Sciences (SNBCBS). 

 
Collection of Pond Ash 

PA was obtained from a Kolaghat Thermal Power Station ash pond in West Bengal, China. PA is a 
pozzolanic material, and the purpose of using it as a replacement for sand in this research work is mainly 
based on this property, which further conforms to the requirements given in Tables 1 and 2 of 
MORT&H. This improves the strength, deformability, and permeability durability of the foundation 
layers to be used. 
 
Table 1. Chemical compositions of PA. 

Chemical constituents Percentage 

Silica (SiO2) 77.50% 

Alumina (Al2O3) 1.07% 

Magnesium Oxide (MgO) 1.30% 

Iron (II) Oxide (Fe2O3) 12.65% 

Calcium Oxide (CaO) 2.65% 

Loss on Ignition 1.05% 

Others 3.78% 

 
Table 2. Geotechnical properties of PA. 

Geotechnical properties Corresponding values 

Fine sand size 0.475 – 0.075 mm (%) 46.1 

Silt size 0.075 – 0.002 mm (%) 53.8 

Uniformity Coefficient (Cu) 1.306 

Coefficient of curvature (Cc) 0.867 

Effective Size (D10) mm 0.062 

D30 size mm 0.066 

D60 size mm 0.081 

Specific Gravity 2.103 

Liquid Limit and Plastic Limit Non-plastic 

Maximum dry unit weight kN/m3 11.8 

Optimum Moisture Content (OMC) 
(%) 

25.86 

Permeability (cm/sec) 0.000157 

Properties obtained from Triaxial Test 

Bulk Density g/cc 1.49 

Cohesion Intercept (c) kg/cm2 0.88 

Angle of shearing resistance (φ⁰) 32 
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Chemical and Geotechnical Properties of Virgin Pond Ash 
Tables 1 and 2 show the chemical composition and geotechnical properties of the PA sample, 

respectively. 
 
Mineralogical Composition of Virgin Along with 7, 14 and 28 Days Hydrated Pond Ash 

Mineralogical characterization of the PA sample aids in determining its composition. It also sheds 
light on the mineral phases present in the sample along with the structural characterization of the 
polymeric material [35]. The diffractograms of X-Ray Diffraction (XRD) followed by Fourier 
Transform Infrared (FTIR) spectroscopy helped in further determination of the undetected phases 
present. 

 
Preparation and Characterization (XRD and FTIR) of Sample 

Mineralogical tests were performed on the virgin sample and the sample with water added according 
to its OMC and kept at room temperature for 7, 14, and 28 days to check the development of the 
pozzolanic phase. 

 
A ULTIMA IV X-RAY DIFFRACTOMETER automated with Cu-Kα radiation was used for 

XRD.The, and the PA samples for FTIR were prepared in the same manner as the XRD. They were 
pressed into KBr pellets using Nicolet 7199 FT-IR. FTIR provided a good understanding of the average 
chemical structure of the samples at various stages of the PA hydration process. 
 
Morphological Characterization (FESEM, EDS and AFM) of Virgin Pond Ash Sample 

The morphological characterization and compositional information of the PA sample in this study 
were accumulated using Field Emission Scanning Electron Microscopy (FESEM), Energy Dispersive 
X-ray Spectroscopy (EDS), and Atomic Force Microscopy (AFM). 
 

FESEM analysis of the PA sample was performed using a JEOL-JSM-7610F. The dried powdered 
PA sample was placed on a specimen holder plate attached to a double-layer carbon adhesive. This plate 
was transferred to a sputter coater (POLARAN E 5100), and a thin conducting layer of platinum was 
deposited on the specimen surface [5]. Electron images of the surface morphology were taken at 100µm 
to 10 μm magnification. 

 
EDS was performed on electron images taken at 500 μm and 50 μm magnification was carried out to 

determine the chemical elements present in the PA sample. 
 
AFM allows imaging of the sample surface without any special preparation. The surface topography 

of the PA sample was analyzed using DI-INNOVA 840-012-706 AFM. The tapping Mode or 
Intermediate Contact Mode was selected at a resonating frequency of 300 kHz and amplitude of 60 Å 
using a 10 μm scanner [5]. 
 
Light Falling Weight Deflectometer 

The LFWD used in this study was DYNATEST 3031 LWD to determine the modulus and 

compaction of the samples. The diameter of the loading plate is 300 mm. The measured deflection at 
the center of the plate was used to calculate the dynamic deformation modulus (ELFWD) using the 

Boussinesq solution, as follows: 

𝐸𝐿𝐹𝑊𝐷 =
𝑘(1−𝑣2)𝜎𝑅

𝛿𝑐
  

where 𝑘 = 𝜋/2or 2 for rigid and flexible plates, respectively. 𝛿𝑐 = center deflection, 𝜎 = applied 

stress, and 𝑅 = radius of the plate. 
 

Preparation and Testing of Samples 

A cast iron mold with a diameter of 360 mm and a depth of 650 mm was used to test the compacted 
layers. A 0.50 m subgrade clay layer was first compacted at the OMC topped by the base layer 

compacted into a 0.11 m thick lift. The desired water content was achieved by drying the samples in an 
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oven. Then, the PA was hand mixed homogeneously with the desired amount of water and compacted 

within the mold. A freeboard (0.04 m was left for the proper functioning of the equipment. Compaction 
was performed using a modified proctor and left for 72 h for further settlement. The compaction energy 

equivalent was measured to determine the number of blows per layer in the test mold. 

 

RESULTS AND DISCUSSIONS 

The results obtained from the experimental programs are discussed below: 

 

X-Ray Diffraction (XRD) Analysis 

The XRD pattern showed the predominant presence of crystalline Mullite, Silicon Oxide and Silicon 

Phosphate. Silica is present partly in the crystalline form of Silimanite and Quartz, in addition to 

alumina as mullite. Iron appears as an oxide of magnetite and, minutely, as hematite. Figure 1 shows 

the peaks of Calcium Hydroxide at 18.7° and Calcium Carbonate at 42.6° [8], revealing the pozzolanic 

nature of PA. 

 

Fourier Transform Infrared (FTIR) Spectroscopy 

The FTIR spectra in Figure 2 show absorbance at 3440 cm--1 and 1650 cm--1 due to the water and 

silanol groups, respectively. It is related to the free water adsorbed on the surface of the mineral polymer 

precursor [42]. In the precursor of mineral polymeric materials, the anti-symmetric stretching vibration 

absorption peak of C-H is located at 2,963 cm−1, whereas the peak near 806 cm−1 might represent the 

unreacted Si-OH bending vibration absorption peak (Guo, 2016). According to infrared spectroscopic 

investigation, the peak value of Si-OH increases as the dose of ethanol increases, and this has a major 

impact on the absorption peak of the mineral polymer precursor [43]. The wide peak at approximately 

1080 cm-1 represents siloxanes that transform into aluminum silicate bonds of poly-Sialate at 

approximately 910 cm-1. Quartz was observed at 1160 cm-1 [34]. This provides a binding nature to PA, 

thus providing a certain stability. 

 

 
Figure 1. XRD spectra of PA sample (a) Virgin sample, (b) 7 days hydrated sample, (c) 14 days 

hydrated sample, and (d) 28 days hydrated sample. 
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Figure 2. Quantitative FTIR analysis of PA sample (a) Virgin Sample, (b) 7 days hydrated sample,  

(c) 14 days hydrated sample, and (d) 28 days hydrated sample. 

 

 
Figure 3. (a) FESEM image of the PA sample at 

100µm magnification showing the presence of 

some clustered particles. 

 
Figure 3. (b) FESEM image of the PA sample at 

10µm magnification showing the presence of 

multi-layered porous structure of the particles. 

 
Figure 3. (c) FESEM image with 10µm 

magnification zooming on one of the clustered 

particle in the PA sample showing the surface 

morphology of the particles. 

 
Figure 3. (d) Zooming (1µm) on the particle 

surface. 
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Field Emission Scanning Electron Microscopy (FESEM) 
Microstructural analysis of the PA sample using FESEM revealed that it contained particles of 

different diameters and compositions. Figure 3(a) shows the partial inertness of these particles. 
However, enlarged clusters of porous particles amalgamated with other particles are also visible in 
Figure 3c, indicating their pozzolanic properties. Figure 3(b) shows images zoomed into the surface 
texture of the particles fused together, with hollow cavities in the clusters that tend to absorb more 
water. This explains the porosity and hygroscopicity of the samples. The higher-magnification images 
in Figure 3(c) show cluster formation, although very little, with an almost spherical shape. However, 
magnifying the image in Figure 3(d) represents the net formation already taking place, imparting 
cohesiveness and stability to the sample. 

 
Energy Dispersive X-Ray Spectroscopy (EDS) 

EDS (Figure 4) showed the presence of O and Ca, along with significant levels of C, Al, Si, Mg, Na, 
and Fe, which supported the data obtained from the chemical analysis of the sample and trace amounts 
of Mn, Ti, Cu, and Zr. 

 
Atomic Force Microscopy (AFM) 

Figure 5(a-b) shows an AFM image of the PA sample surface emerging above the adhesive. The 
image taken at the 10µm scan shown in Figure 5(a) represents the overall topography of the PA sample 
surface. Figure 5(b) shows the presence of particle clusters formed owing to the pozzolanic nature of 
the sample. The round, crater-like dark areas indicate the porosity of the sample. The images were 
acquired in the intermittent mode; therefore, poorly adhering surface particles remained undisturbed. 
Figure 5(c) shows the uneven topography of the sample, which provided surface friction and 
cohesiveness. Figure 5(d) shows the layered nature of the surface, revealing the reactivity of the PA 
sample [5]. 

 
Light Falling Weight Deflectometer 

The LFWD measurements were collected in 3031 LWD 5.1, and the analysis of the data was 
performed using Dynatest LWDMOD, which lists the stress generated, deflections produced, and 
surface deflection moduli obtained for all 15 drops of the drop weight executed on the PA and sand 
layers inside the mold. The graphical representation Figure 6 of the surface deflection and surface 
deflection modulus for the PA and sand showed minimal alteration. The average surface deflection 
moduli for PA and sand were 20.133 MPa and 19.933 MPa, respectively. The cohesive nature of PA is 
instrumental for developing this interparticular bonding, thus providing minimalistic deflection under 
the impact of the load. 

 

 
Figure 4. Energy dispersive spectroscopy spectrum of the mineral crust of the PA sample. 
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Figure 5. (a) Surface morphology of the pond ash, (b) Particle Cluster formation along with its porous 

and layered structure, (c) Height Profile of craters on the surface of the pond ash, (d) Surface topography 

of the pond ash sample. 

 

 

 
Figure 6. Graphical representation of the comparative analysis of deflection and surface deflection 

moduli (Esurf) for PA and sand zone (III) under the application of LFWD. 
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Figure 7. Schematic diagram of the proposed iron ore stack. 
 
DESIGN SPECIFICATIONS 

The design specifications for the foundation presented in this paper are for a rectangular footing with 
a planned area of 750 m x 200 m, carrying iron ore stacked up 4mtr a height, having specific gravity 
ranging from 4.5-5.3. The foundation was placed at a depth of 1.5mtr below ground level. The safe 
depth of the foundation was evaluated using [33] for the design of a shallow foundation using 
cohesionless soil. The footing was subjected to a load inclined at 15° in the vertical direction, as shown 
in Figure 6. The geotechnical properties of the PA sample used for this purpose were evaluated, 
including the saturated unit weight and the   and φ values (Table 2). The magnitude of the load to be 
carried by the footing is calculated assuming the rate of loading to be such that drained conditions 
prevail. 
 
DESIGN SPECIFICATIONS 

The design of the foundation for this study is based on the ultimate bearing capacity and limiting 
settlement for a footing on cohesionless soil with a drained loading problem. The predicted bearing 
capacity is estimated considering the PA sample to be used as the foundation layer material by the 
theory proposed by (Vesic1973) in the following equation: 

𝑞𝑛𝑑 = 𝑐𝑁𝑐𝑠𝑐𝑑𝑐𝑖𝑐 + 𝑞(𝑁𝑞 − 1)𝑠𝑞𝑑𝑞𝑖𝑞 +  
1

2
𝐵𝛾𝑁𝛾𝑠𝛾𝑑𝛾𝑖𝛾𝑤′. (1) 

where c is the unit cohesion, 𝑞𝑛𝑑= bearing capacity, 𝑞 = effective overburden pressure, B is the 
footing width, 𝛾 = the effective unit weight of the PA sample, 𝑤′= the moisture content. The model in 
Eqn. (1) has evolved over the years and has been researched extensively. 

 
The effective overburden pressure is evaluated using a trial and error method by changing the depth 

of the foundation using the following equation: 

𝑞 = 𝐷𝑓 ×  𝛾 (2) 

where 𝐷𝑓 =Depth of the foundation. 

 
The factors used in the eqn.1 are 𝑁𝑐, 𝑁𝑞, 𝑁𝛾  = Bearing capacity factors; 𝑠𝑐,𝑠𝑞,𝑠𝛾= shape factors; 

𝑑𝑐,𝑑𝑞,𝑑𝛾= depth factors; and 𝑖𝑐,𝑖𝑞,𝑖𝛾= inclination factors as per the proposition of Vesic [33]. 

 
The calculation of the safe load is done by 

(𝑞𝑛𝑒𝑡)𝑠𝑎𝑓𝑒 =  
𝑞𝑛𝑑

𝐹𝑠
  (3) 

where 𝐹𝑠 = Safety factor. 
 
The measured safe load was compared with the vertical load acting on the rectangular foundation 

shown in Figure 7 and was found to be safe for a foundation depth of 1.5 meter. Table 3 lists the 
variation in the measured load with respect to the considered foundation depth. 
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Table 3. Chemical compositions of pond ash. 

S.N. Vertical load Foundation depth Measured load Remarks 

1. 4.50 ×  107 Tonnes 1.3 meters 4.28 ×  107 Tonnes Unsafe 

2. 1.4 meters 4.36 ×  107 Tonnes Unsafe 

3. 1.5 meters 4. 52 ×  107 Tonnes Safe 

 

CONCLUSIONS 

In this study, the chemical, geotechnical, morphological, and mineralogical properties of the Haldia 
PA sample were evaluated. Observations were made utilizing it as an alternate foundation material as a 

substitute for zone III sand for the construction of a foundation in a stackyard. The probable foundation 
depth of the PA sample was measured using Vesic’s theory [33] for a shallow foundation using 

cohesionless materials. This was followed by a cost analysis comparing the costs of using both 
materials. The conclusions are as follows. 

• The chemical composition of the sample revealed a higher percentage of SiO2 and lower 

percentages of Al2O3, MgO, Fe2O3 and CaO. This is further supported by the EDS chemical 

analysis showing the presence of C, Al, Si, Mg, Na, and Fe in significant amounts along with O 
and Ca. indicating the pozzolanic properties of the sample. Traces of Mn, Ti, Cu, and Zr are also 

present. 

• The geotechnical properties of the PA sample showed a certain cohesive nature along with the 
friction angle, providing stability in the absence of any additional agents suitable for its use as a 

foundation material. The hydraulic conductivity data also satisfactorily confirmed its validity as 
a foundation material. 

• The XRD results showed the presence of Mullite, Quartz, Magnetite, Sillimanite, Calcium 

Hydroxide and Calcium Carbonate, confirming PA’s pozzolanic property of PA. Iron appears as 

an oxide of magnetite and, minutely, as hematite. These peaks show the pozzolanic property, 
which imparts little cohesiveness and stability to the sample. 

• FTIR Spectroscopy analysis revealed that the absorbance pattern was formed in the presence of 

water and silanol groups. The transformation of the Si-O-Si bonds of amorphous silica into the 
Si-O-Al bond of poly-Sialate is also conferred by this analysis, which specifies that the 

wavenumbers and absorbance values are due to the pozzolanic nature of the sample. 

• The FESEM images of the PA sample showed that their surface texture fused with some hollow 
cavities, explaining the porous and hygroscopic nature of the sample. The images also reveal the 

layered structure, indicating the high reactivity of the sample, with some clear signs of net 
structure formation. 

• The topography of the PA sample deduced by AFM displayed an interesting surface covered with 

craters and crests, reflecting the reactivity of the sample. The undulated topography provides the 

sample with surface friction and results in minimal cohesiveness and stability. The particles 
embedded in the surface were microcrystals of mullite, hematite, and magnetite, which were also 

obtained by XRD. 

• The LFWD yielded measurements to measure the deflection caused by the PA and Zone III sand. 
The results suggest that PA can be effectively used as an alternate foundation material owing to 

its minimal deflection under the action of LFWD. 
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