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Treatment of Well Water Contaminated m
with Septic Tank Effluent Using L
a Modified Compacted Sand Filter

M. Harikumar, P. Sikha, M. P. Amrutha, F. Jamshiya, and T. Arathi

Abstract The flood that occurred in the month of August 2018 had brought severe
damages all over Kerala. The major problem after the flooding was the contamina-
tion of well water with septic waste. This problem created a situation where proper
drinking water was not available to the victims. A similar situation was faced by
the residents of Velam Panchayath of Kozhikode district, where the well water was
contaminated using septic tank effluent. Disinfection using bleaching powder was the
only method adopted by the local authorities to make the well water potable. Since
the septic waste contains toxic content and affects the human life significantly when
consumed, an efficient and economic method of well water treatment is very neces-
sary. The well water should be treated effectively after it is pumped into the overhead
tank and then used for domestic purposes. This requires the designing of a filter in
which the water gets purified in stages. The purified water coming out of the filter
should be tested and made sure for drinking. The aim of this paper is to make a keen
attention towards this problem and to implement some control measures to minimize
this problem to certain extent by fabricating a Modified Drawer Compacted Sand
Filter (MDCSF). This model consists of different drawers each filled with gravel,
sand, activated charcoal, and silver-impregnated sand. Although the conventional
drawer compacted sand filter has been used in the treatment of contaminated water,
in this paper, a modification is made to the existing design by the introduction of
forced aeration, using a silver-impregnated sand layer and an activated charcoal layer.

Keywords Septic tank effluent -+ Modified drawer compacted sand filter -+ Well
water treatment - Coliform - BOD + COD - TDS
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1 Introduction

Contamination of drinking water sources by sewage can occur from raw sewage
overflow, leaking sewer lines, and the application of sludge and partially treated
wastewater to land. Septic tank effluent (STE) is the effluent discharged out of a
septic tank. During natural disasters such as flooding, this effluent may get mixed up
with well water, making them unfit for use and creating water scarcity problems [1].
The pollution and ill effects due to STE are not properly investigated or monitored.
This study aims to fabricate a modified drawer compacted sand filter that relies
upon different methods of filtration like straining, absorption, adsorption, biological
action, etc. This process is undertaken by different layers of gravel, sand, silver-
coated sand, and activated charcoal. Synthetic septic tank effluent is prepared under
laboratory conditions and is filtrated through the Modified Drawer Compacted Sand
Filter (MDCSF). The filtered water can be tested and compared with drinking water
standards.

2 Objectives of the Study

The primary objectives of the study are outlined as follows:

e To synthetically produce the septic tank effluent (STE) in a laboratory.
e To check the chemical and biological characteristics of STE such as

— Biological oxygen demand (BOD)
— Chemical oxygen demand (COD)
— Coliform content

— Phosphate

— TDS.

e To find the treatment efficiency at varying conditions of hydraulic loading rate
and pH of drawer compacted sand filter (DSCF) with silver-impregnated sand.
e To get potable water from the filter.

3 Preparation of STE

Since it is inconvenient to take the effluent directly from the septic tank, the STE
is synthetically prepared by using certain chemicals in their respective proportions.
Table 1 shows the composition of STE and their concentration in milligram, for 1L of
distilled water. The sample prepared is of 100 x concentrated solution and is stored at
1 °C for up to one week. The daily requirement of the sample is satisfied by suitably
diluting the master sample, with tap water.
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Table 1 Composition of STE

S1. No. Composition Concentration (mg)
1 Peptone 160
Meat extract 110
3 Urea 30
4 Sodium chloride 7
5 Calcium chloride
6 Magnesium sulphate heptahydrate 2
7 Dipotassium hydrogen phosphate 28

4 Materials

4.1 Gravel

Conventionally, several different types of media have been used for filtration. Sand or
a gravel-type filter has a high porosity and permeability due to which water can flow
through it, often by gravity drainage [2]. The tortuous nature of the flow path and
the comparatively small pore diameters slow the flow and physically trap suspended
solids. Gravel filters are most effective in reducing the turbidity of water. On the
other hand, pathogens are rarely removed. Gravel sample passing through a sieve of
4.75 mm and retaining on a 2.36 mm sieve was used for filtration. The sample is
washed with clear water and dried in sun.

4.2 Sand

Sand has a very important role to play in the filtration process [3]. In MDCSEF, sand
was used as a major filtering medium. Each drawer of the filter is filled with different
grades of sand. The purity of water increases with the fineness of sand. Different
types of sand with varying particle size are used in filter fabrication. This includes
sand retained on 1.18 mm, 600 wm and 75 wm sieve. The drawer containing sand
sample retained on 1.18 mm size is placed below gravel layer. This is followed by a
drawer with 600 pm silver treated sand, which is in turn, followed by 75 pm sand.

4.3 Silver-Coated Sand

It is very well known that silver has been shown to have general antibacterial
properties against a range of both Gram-negative (e.g. Acinetobacter, Escherichia,
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Pseudomonas, Salmonella, and Vibrio) and Gram-positive bacteria (e.g. Bacillus,
Clostridium, Enterococcus, Listeria, Staphylococcus, and Streptococcus) [4].

4.3.1 Preparation of Silver-Coated Sand

Silver-coated sand was obtained by treating sand with silver nitrate. The silver content
present in purified water can resist the growth of unhealthy organisms. The steps for
preparation of silver-coated sand are outlined below:

About 500 g of graded, washed, and dried sand was mixed with 1 g silver nitrate
dissolved in 1 L of distilled water, mixed thoroughly and allowed to stand for a
period of 1 h.

This mixture was then treated with 2 g of NaOH and dissolved in 50 ml distilled
water and mixed thoroughly.

The sand was treated with 10 ml of 1% of NH4OH solution and 15 ml reducing
agent (9% of sugar solution) mixed thoroughly as before and left for 1 h.

The treated sand after solar drying was washed with distilled water to pH 7 and
finally dried at 100-110 °C.

4.3.2 Activated Charcoal

Charcoal is a porous material which is often used to purify water, through the process
of adsorption [5]. It is obtained by burning of wood. One of the prime reasons that
activated charcoal behaves as an excellent filter material is its natural ability to remove
many toxic substances from water, such as volatile organic compounds and chlorine.
The steps employed for the preparation of activated charcoal are outlined below:

(a)
(b)

(©)

(d)
(e)

5

Charcoal obtained by burning coconut shells is powdered.

A 25% solution of (by weight) of calcium chloride is prepared, by weighing
three parts of water and mixing in one part calcium chloride.

Powdered charcoal is mixed with calcium chloride solution, and a paste is
prepared.

The paste is spread to dry and rinse with clean water.

The paste is then baked at 225 °F for 30 min.

Model Fabrication

5.1 Modified Drawer Compacted Sand Filtration (MDCSF)

The Modified Drawer Compacted Sand Filtration (MDCSF) is a modified design for
a conventional drawer compacted sand filter in which the sand layer is broken down
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into several layers of 10 cm height and placed in a movable drawer separated by
10 cm of air space from other layer. The new design for water treatment was based
on two hypotheses: by placing the treatment media in movable drawers, separated
by sufficient vertical distance, better oxygen access to the layers is facilitated, which
improves the filter efficiency and facilitates maintenance requirements; the second
hypothesis was that MDCSF can remove a high percentage of pollutants in STE with
minimum space requirements.

This would allow such filters to be used even in locations where space is at a
premium, such as dense urban areas. The comparatively lower maintenance require-
ments ensure that a wide range of users could easily operate the MDCSF. A
laboratory-scaled model of MDCSF (Fig. 1), measuring 36 cm length x 27 cm
width x 1.4 m depth with six drawers, was designed and operated. Table 2 describes
the components of the MDCSEF, along with their placement positions in the drawers.

Fig. 1 MDCSF drawers
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Table 2 Configuration of MDCSF

Filter media Specifications
Drawer 1 Aeration system
Drawer 2 Gravel; effective size 4.75 mm
Drawer 3 Sand; effective size 1.18 mm
Drawer 4 Charcoal; effective size 1.18 mm to
600 pm
Drawer 5 Silver-coated sand; effective size 600 wm
Drawer 6 Sand; effective size 75 pm along with
collection system
Depth of media 10 cm for each drawer, 20 cm for last one
Perforation—for each drawer—expect the first and | Orifice size—4 mm second drawer
last one 2 mm—third, fourth, and fifth
Orifice spacing 2 cm

6 Results and Discussions

The water quality test parameters like total dissolved solids (TDS), BOD, COD,
coliform test, phosphates, nitrates, and pH were tested by standard instruments and
laboratory practices, as per IS 3025(53):2003. The properties of the synthetic septic
tank effluent, prepared in the laboratory, were tested first, to ensure that it behaves
in the same way as the actual septic tank effluent.

Table 3 shows the comparison between the parameters of the synthetic and actual
STE. Most of the parameters for the synthetic STE prepared in the laboratory were
found to match with the parameters requisite for the actual STE polluted water. For
the treatment of STE polluted water, about 1 L of water was fed into the first drawer.
This layer was aerated by the introduction of air bubbles beneath water in the drawer.

Water from the first drawer was taken out through a pipe, into the second drawer
(gravel), and uniform distribution of water to this layer was ensured using a perforated
acrylic plate of 4 mm thickness. Starting from this layer, a filter paper and a perforated

Table 3 Comparison of actual and synthetic STE

Parameters Average STE polluted water | Synthetic STE concentration
concentration

Total suspended solids (mg/1) 36-85 60

BODs (mg/1) 118-189 137.28

pH 6.4-7.8 6.9

Faecal coliform (CFU/10) 10°-107 6 x 100

Total dissolved solids (mg/l) 500-30,000 867

COD (mg/1) 500-900 600

Phosphate (mg/1) 5-20 6
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Table 4 Comparison of water quality parameters for treated and contaminated water

Parameters Concentration

Influent Effluent Pure water
Total suspended solids (mg/1) 60 nil nil
BODs (mg/1) 137.28 5.3 3-5
pH 6.9 7.6 6.5-8.5
Faecal coliform (CFU/10) 6 x 100 Absent Absent
Total dissolved solids (mg/l) 867 560 500
COD (mg/1) 600 12 10
Phosphate (mg/l) 6 2 <0.3 mg/l

acrylic plate were placed below each drawer to ensure that the filter material, along
with water, does not flow into the subsequent layers. An outlet is provided in the
last drawer, from where the treated water was collected and tested. A contact period
of 24 h was ensured. The test results for the treated water are given in Table 4. It
is observed that the straining layers in the MDCSF are effective in removing the
suspended solids from the contaminated water sample.

Further, the faecal coliforms were completely removed from the sample, after
treatment. Overall, it can be seen that the while the existing design of drawer
compacted sand filter performs reasonably well, the modifications are explained in
the study, further making it even more effective, as shown in Table 4. The minor varia-
tions in some of the water quality parameters may be due to the inherent imperfections
in the model and insufficient contact periods.

7 Economic Aspects

The cost of fabrication of a prototype of a MDCSF is given in Table 5. Since the
prototype is developed for small-scale filtration purposes, the actual cost of a portable
working household filter shall vary. However, it is to be underlined that filtration by
this system proves to be much cheaper and efficient, compared to other existing

Table 5 Cost of setting up a domestic portable MDCSF

Item Primary cost (INR)
Stand fabrication 1500

Drawers 1500

Silver-coated sand (1 kg) 500

Pipe fittings 200

Miscellaneous 300

Total 4000
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8 M. Harikumar et al.

filters. A major portion of the cost is related to the initial set-up of the drawer, pipe
appurtenances, and the frame. The only recurring cost is towards the cleaning of
the straining sand layers, after prolonged operation. Since the drawers are movable
and there is sufficient air gap between them, maintenance is easier, compared to the
conventional filters.

8 Advantages and Limitations of MDCSF

The filter helps in keeping the surrounding environment (particularly, surface and
ground water) from the cross contamination. Since oxygen movement is facilitated
due to natural and induced aeration, no anaerobic/toxic conditions are experienced
and the problems of unpleasant odours are eliminated. The maintenance operations
are easy, since it involves sliding out the drawer or mixing up the media and replacing
the drawer back. The entire assembly is portable; hence, it is possible to replace the
filter media in any layer by a suitable material as per requirement. Since the land
foot print is very less (<1.5 m?), the filter can be placed at the rooftop, backyard,
or stairwell. The filter developed is considerably cheaper compared to the available
alternatives and performs extremely well, as evident from the test results. A few
limitations of the MDCSF are as follows.

Due to prolonged use, silver may leach out of the silver-impregnated sand layer,
which can be understood from the discolouration of the filtered water (colour changes
to light brown). Also, the use of silver nitrate to prepare the silver-impregnated sand
layer increases the initial cost of set-up, which is, however, easily justified in the long
run.

9 Conclusions

STE is one of the important contributors of ground water pollution. In order to
minimize this pollution and to have pure water for drinking, domestic as well as
for industrial purposes, it is essential that STE undergoes proper treatment before
it is discharged to the soil or water. Drawer Compacted Sand Filter and Vetiver
grass system are the conventional techniques employed to mitigate the problem.
However, the treatments results are far from satisfactory. MDCSF is a novel approach
for negotiating this problem. The modifications incorporated in the design involve
the use of natural/forced aeration, the use of silver-impregnated sand layer, and an
activated charcoal layer. The overall results of the treatment indicate that the STE
after the treatment using MDCSF meets the drinking water standards, results in
increased pathogenic removal as well as other parameters like BOD, COD, TDS,
E-coli., etc., to remarkable extent. The aeration system provided at the initial stage
reduces the bacterial growth. Also, for obtaining a better result, the antimicrobial
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property of silver and absorption property of charcoal were utilized by the creation
of silver-impregnated sand and activated charcoal.

References

—_

(98]

. Mittal, A. (2011). Biological wastewater treatment. Water Today.
. Jefferson, B., Palmer, A., Jeftery, P., Stuetz, R., & Judd, S. (2004). Grey water characterization

and its impact on the selection and operation of technologies for urban reuse. Journal of Water
Science and Technology, 50(2), 157-164.

. EPA. (2002). Onsite wastewater treatment system manual, EPA/625/R-00/08.
. Henry, H. (1996). Treatment of septic tank effluent using puraflo peat biofiltration system.

In Proceedings of the Eleventh Annual on-Site Wastewater Treatment Conference Minimizing
Impacts, Maximizing Resource Potential

. Mwabi, J. K., Mamba, B. B., & Momba, M. N. (2012). Removal of Escherichia coli and Fecal

Coli forms from surface water and groundwater by household water treatment devices/systems.
International Journal of Environmental Research and Public Health, 9(1), 139-170.

www. TechnicalBooksPDF.com



Heavy Metal Fractionation in Aerobic )
and Anaerobic Sewage Sludge L

Sooraj Garg, M. Mansoor Ahammed, and Irshad Shaikh

Abstract The study assessed the speciation of heavy metals in sewage sludge.
Sewage sludge samples were collected from three full-scale sewage treatment plants
which employ different treatment processes. Sewage sludge samples from acti-
vated sludge process (ASP), UASB reactor (UASBR) and moving bed bioreactor
(MBBR), and one anaerobically digested activated sludge (ASP-AD) was collected
during different seasons of the year. Modified sequential extraction process was used
classifying metals into acid-soluble/exchangeable fraction (F1), reducible fraction
(F2), oxidizable fraction (F3) and residual fraction (F4). Five heavy metals, namely
chromium, copper, mercury, lead and zinc, were analysed for different fractions.
Among the heavy metals, Zn (1317-1448 mg/kg) and Cu (925-1196 mg/kg) contents
were the highest, followed by Cr (129-151 mg/kg), Pb (60-86 mg/kg), and Hg (18—
34 mg/kg). Concentrations of all heavy metals tested except mercury in MBBR were
within the limits set by different agencies.

Keywords Anaerobic sludge + Heavy metals - Sewage sludge - Sequential
extraction + Speciation

1 Introduction

With increasing number of municipal wastewater treatment plants in many countries,
sewage sludge treatment/management has become a particularly important problem
all over the world. Among the largest producers of sewage sludge include Euro-
pean Union and USA producing about 10 and 6.3 million tonne/year, respectively.
Daily per capita sludge production varies in the range of 0.03—0.07 kg/capita/day in
developing countries [1]. Contaminants like heavy metals, organic pollutants and
pathogens in wastewater are concentrated in sewage sludge through wastewater
treatment process, which threaten environment and human health.
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Land application is the most commonly used method all over the world for sewage
sludge disposal and is being considered as one of the most economical ways for sludge
disposal. This is because the sewage sludge represents a good source of nutrients
such as nitrogen, phosphorus, potassium and other nutrients for agriculture reuse.
However, the presence of toxic heavy metals in the sewage sludge greatly restricts its
use as a fertilizer [2]. Heavy metal pollution affects the use of sewage sludge. Heavy
metals such as Cu, Cd, Pb, Hg and Cr are found at relatively high concentrations in
sewage sludge. The total heavy metal content of sewage sludge is about 0.5-2.0%
(dry weight), and in some cases may be as high as 4% particularly for metals such
as Cd, Cr, Cu, Pb, Ni and Zn [3].

The determination of total heavy metal content does not provide useful infor-
mation about the risks of bioavailability, the capacity for remobilization and the
behaviour of the metals in the environment [4]. It is necessary to distinguish their
forms and assay their quantities. This may be achieved through speciation anal-
ysis. The most popular are chemical sequential extractions, which consist of treating
a sample with chemical solutions of various leaching strength. For this, various
extraction schemes (both single and sequential) were developed in the early 1980s,
but most of them are modification of three-step extraction technique developed by
Tessier and Rudd [5, 6].

A number of studies have been reported in the literature on the speciation of heavy
metals in sewage sludge. However, very few studies compared the concentration of
heavy metals in sludges from treatment plants using different treatment processes.
Also, no studies have been reported from India on speciation of heavy metals in
sewage sludge. The objective of this study was to assess the speciation of heavy
metals in sewage sludge. Sewage sludge samples were collected from three full-scale
sewage treatment plants which employ different treatment processes.

2 Materials and Methods

2.1 Sewage Sludge

For this study, sewage sludge was collected from three different treatment plants
of Surat, India, which use different treatment technologies (Table 1). In Anjana
sewage treatment plant, activated sludge process is used for treatment of wastewater.
Sludge generated from primary settling tank and secondary settling tank is mixed
and is anaerobically digested. The sludge cake after sun-drying is sold as fertiliser.
In Bamroli sewage treatment plant, upflow anaerobic sludge blanket (UASB) reactor
with extended aeration is used. Sewage sludge generated during the anaerobic treat-
ment process is sent to the sludge drying bed for dewatering. In Khajod sewage
treatment plant, moving bed bioreactor (MBBR) is adopted for the treatment, and
the sludge generated from primary settling tank and secondary settling tank is anaer-
obically digested and then dried in drying bed which is sold for use in agriculture.
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Table 1 Details of sludge collection points from sewage treatment plants

Wastewater Capacity (million litre | Treatment process Collection of sludge
treatment plant per day) sample
Anjana Sewage 82.50 Activated sludge 1. Raw activated sludge
Treatment Plant process (ASP) (ASP-Raw)
2. Anaerobically
digested sludge
(ASP-AD)
Bamroli-Vadod 100 Upflow anaerobic 1. UASB reactor sludge
Sewage Treatment sludge blanket (UASBR)
Plant (UASB) reactor with
extended aeration
process
Khajod Sewage 25 Moving bed biofilm | 1. Raw MBBR sludge
Treatment Plant reactor (MBBR) (MBBR)

Details of the sewage treatment plants are shown in Table 1. Sludge samples were
collected monthly for four months from all the sampling points.

For analysis of physicochemical parameters, 1:10 (v/v) solution of sludge samples
was mixed by a magnetic stirrer at 1000 rpm for 10 min. For extraction of heavy
metals, the sludge samples were air-dried for 2—-3 days and was ground in an electrical
grinder and sieved through 212-pum sieve and stored at 4 °C in plastic pouches.

2.2 Sequential Extraction of Heavy Metals in Sludge

For the determination of heavy metal concentrations in sewage sludge samples,
modified sequential extraction (modified BCR extraction) process was opted. During
the extraction, metals were classified into acid-soluble/exchangeable fraction (F1),
reducible fraction (F2), oxidizable fraction (F3) and residual fraction (F4) [7]. The
detailed procedure is described as follows.

Step 1: Extraction of acid soluble/exchangeable fraction (F1): 0.5 g sludge sample
was added in a 50-mL polypropylene centrifuge tube containing 20 mL of
0.11 mol/L acetic acid and was shaken for 16 h at room temperature. The solution
and solid phases were separated by centrifugation at 4000 rpm for 20 min. Subse-
quently, the suspension was filtered through a 0.45-um membrane filter and the
solid residues were preserved for subsequent extractions.

Step 2: Reducible fraction (F2): The residues from Step 1 were shaken with a
portion of 20 mL of 0.1 mol/L. hydroxylammonium chloride (adjusted to pH 2
with nitric acid) for 16 h. The extraction procedure was the same as mentioned in
Step 1.

Step 3: Oxidizable fraction (F3): The residues from Step 2 were dispersed in
5 mL of hydrogen peroxide (30%) and digested at room temperature for 1 h with

www.TechnicalBooksPDF.com



14 S. Garg et al.

occasional shaking. A second 5-mL aliquot of hydrogen peroxide was introduced
into and digested at 85 °C (water bath) for 1 h. The contents were evaporated to
a small volume (1-2 mL). 25 mL ammonium acetate (1.0 M, adjusted to pH 2
with nitric acid) was added to the cool and moist residue. The sample was then
shaken, centrifuged and the extract was separated as described in Step 1.

Step 4: Residual fraction (F4): 5 mL HNO;was added to the residues from Step 3.
The contents were heated on a hot plate and evaporated to almost dryness. After
cooling, the residues were dissolved in 5% (v/v) HNOj3. The resultant solutions
obtained in different steps were subsequently used to determine the heavy metals.

A blank was also run at the same time. The concentrations of Cu, Cr, Hg, Pb
and Zn in different fractions and in the resultant solutions obtained in Step 4 were
determined by ICP-AES. Tests on each sample were conducted in triplicate, and the
average value of results is reported.

2.3 Analysis

Total solids, pH, electrical conductivity, volatile solids, total Kjeldahl nitrogen
(TKN), phosphorus (P) and faecal coliforms of sludge were determined as per
standard methods [8]. Heavy metals (Cu, Zn, Pb, Cr and Hg) were analysed using
ICP-AES (ARCOS Spectro, Germany).

3 Results and Discussion

3.1 Characteristics of Sludge

The mean values of physicochemical properties of sludge are presented in Table 2.
The results show that the mean pH of sewage sludge ranged between 7.46 and 7.68
irrespective of treatment processes. Organic matter (measured as volatile solids) and
nutrients (N and P) were high in sewage sludge irrespective of treatment process.
Anaerobically digested sludge (ASP-AD) had a very low concentration of organic
matter and low electrical conductivity. Total solid contents of raw activated sludge
(ASP-Raw) and MBBR sludge were 19.91 and 18.52 g/L, respectively, while total
solid content of UASBR sludge was 11.79 g/L. Sludge samples had moderate elec-
trical conductivity that might increase the cation exchange capacity of soil on which
this sludge will be applied. It was observed that for all sludge samples, there was
high TKN, indicating that these sludge samples are rich source of nutrients which
make them suitable for agriculture application [9]. High concentrations of organic
matter (volatile solids) may lead the formation of humic acids in soil after its appli-
cation on land which may decrease the pH of soil which indicates that pH of soil
should be checked periodically after and before the application of sewage sludge
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[10]. Concentration of TKN was the highest in the anaerobically digested sludge
(ASP-AD).

Microbial content is one of the most important parameters of sludge when it is
used for agricultural purpose. All sewage sludge samples had very high amount of
faecal coliforms exceeding the limits prescribed by USEPA except anaerobically
digested sludge (ASP-AD). Table 2 shows that there was no significant variation
in concentrations of different parameters in different sludge samples collected in
different months.

3.2 Heavy Metal Content

Table 3 shows the variation of total heavy metals in the sludge. A comparison of metal
concentration shows that there is no significant difference in the concentration of a
particular metal in sludge samples collected from different treatment plants except
for lead and mercury.

In general, the sludge samples had higher concentrations of Zn and Cu but rela-
tively low concentrations of Cr, Pb and Hg. Similar results have been reported in the
literature [2, 11, 12]. The amount of Zn was much higher than that of other heavy
metals which could be attributed to the fact that almost all urban water supply pipes
in Surat city are made of galvanized material. Cu content was also high, whereas
Pb and Hg contents were relatively low. These results concur with the findings in
Guangzhou, China [11]. Comparing the values of the present study with the mean
values reported in India [13], the former exhibited lower concentrations for Cu and
Zn but higher concentration of Pb and Hg. The results of the experiments in this
research generally showed low risk of heavy metal toxicity of the sludge samples
due to their low concentration with respect to the regulatory limits specified, and
therefore a reasonably good potential for the sludges from the treatment plants is
to be used for agricultural purposes. It may be noted that the total concentration
of heavy metals in anaerobically digested sludge (ASP-AD) was higher than their
concentration in raw sludge presumably due to the removal of organic matter during
anaerobic digestion.

Table 3 Concentrations of heavy metals in sludge

Sample Total concentrations of heavy metals (mg/kg)

Chromium? Copper® Lead?® Mercury? Zinc®
ASP-Raw | 129 £ 18.14 1011 £30.15 | 73.78 £ 12.41 | 18.41 £8.21 | 1387 £29.31
ASP-AD | 151 £19.12 1196 +£51.01 | 86.10 + 14.21 |21.37 £14.2 | 1261 £ 34.07
UASBR | 132 £+9.08 929 +41.66 |83.62+£8.29 |18.25+12.04 | 1317 £15.95
MBBR 133 £8.78 925 £45.07 | 60.01 £ 11.28 | 34.45 £ 10.08 | 1448 £ 13.75

Mean = SD based on the *3 samples 4 samples (triplicate for each sample)
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3.3 Fractionation of Heavy Metals in Sewage Sludge

Fractions of Cr, Cu, Pb, Hg and Zn were determined by the sequential extraction
procedure in the sludge and are presented in Fig. 1. The greatest extraction percentage
was obtained in oxidizable fraction (F3) and residual fraction (F4) of all the sludge
samples, which was expected given the affinity of organic matter and minerals for
this type of elements and the formation of stable complexes [12]. Distribution of
heavy metal fractions varied widely for different metals, as shown in Fig. 1.
Results indicate that copper (Cu) contents of acid exchangeable fraction (F1) and
reducible fraction (F2) were lower than 10% in raw activated sludge (ASP-Raw) and
anaerobically digested sludge (ASP-AD), thus implying less direct toxicity to the
environment. Together F3 and F4 fractions accounted for 80-90% of total Cu in all
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Fig. 1 Percentage of heavy metals in each fraction of sludge—a chromium, b copper, ¢ mercury,

d lead, e zinc. Fl-acid exchangeable fraction; F2-reducible fraction; F3-oxidizable fraction; F4-
residual fraction
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the sludge samples, indicating that Cu was associated with strong organic ligands
and probably occludes in such minerals as quartz and feldspars.

Chromium was principally distributed between F3 and F4, and these fractions
accounted for over 70-75% of Cr as reported in the literature [14]. In fraction F,,
Cr did not exceed 27%, and in fraction F;, the contents of Cr did not exceed 5%,
indicating a low direct effect for the plants.

Lead was mostly present as F4 for all sludge samples. The results were in good
agreement with the reports of other studies [15]. Pb can reportedly be immobilized
by insoluble salts, such as phosphates [15]. The high concentration of Pb in F4 in
municipal sludge indicates its low direct and potential bioavailability to the envi-
ronment if the sludge is used as a fertilizer [11]. However, Pb was also present in
F2 in large quantities (20-35%) that poses a threat for the application of sludge in
agriculture.

Mercury was mostly present as F4 (75-88%) in all the sludge samples. The results
were in good agreement with other reported studies [2]. It can predict that it is low.
This indicates low direct and potential bioavailability to the environment if the sludge
is used for the organic modification of soil [2]. Mercury was below detectable level
in F1 fraction of UASBR sludge.

Zinc showed the greatest degree of mobility based on the high proportion of metal
extracted from F1 (6-16%), F2 (11-32%), F3 (21-24%) and F4 (39-45%). Zn thus
appeared to have high bioavailability and potential ecotoxicity, which is in agreement
with the literature [13]. Since a part of Zn can be occluded inside crystalline structures
and not readily available for plant absorption, the limits of Zn in sewage sludge are
higher [11].

Among all samples (including raw and anaerobically digested sludge), the active
fractions (sum of F1, F2 and F3) of Zn and Cu had the highest concentrations and
accounted for over 60 and 80%;, respectively. For anaerobically digested sludge (ASP-
AD), the percentage of heavy metals in F1 was decreased up to 50% compared to the
raw activated sludge (ASP-Raw). It indicates that the sludge digestion can reduce
the possibilities of mobilization of heavy metals in sewage sludge.

4 Conclusions

The analysis of total concentration of heavy metals showed that except for mercury
in MBBR, the concentrations of all selected heavy metals in all sludge samples
were below the limits suggested by different agencies. Speciation of heavy metals in
sludge samples showed that, while Cu and Cr were primarily distributed in oxidizable
fraction, Zn, Pb and Hg were primarily distributed in residual fraction showing
low direct and potential ecotoxicity to the environment. Based on the analysis of
the composition of municipal sludge and permissible limits for land application,
and from an environmental protection perspective, these sludge samples have good
quality with respect to their application in agriculture.
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A. Nishida, Aparna Gopinath, S. Chandraj, K. Radhika, and R. Sethu

Abstract The paper deals with study of environmental remediation of oil contam-
inated soil using micro-bubble generators. The method is a surfactant-free and
environment-friendly method. The micro-bubble generator designed here incorpo-
rates an innovative design which will ensure greater production of micro-bubbles,
and as a result, greater efficiency in the soil remediation occurs. The design concept
emphasizes on vortex flow of fluids through a body with micro-holes in order to
produce micro-bubble generation more effectively.

Keywords Soil remediation + Micro-bubbles (MB’s) + Micro-bubble generator
(MBG) - Micro-nanobubbles (MNB’s)

1 Introduction

Soil contamination or soil pollution is a part of land degradation which is caused by
the presence of xenobiotic chemicals or other alterations in the natural soil environ-
ment. It is typically caused by industrial activity, agricultural chemicals, or improper
disposal of wastes. Oil contamination of soil is the most important threat to the
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natural ecosystem. Oil and oil products are the most priority pollutants of the envi-
ronment because of their toxicity, spreading scale, and high migration ability [1].
Oil fields development, exploitation, and violation of the hydrocarbon transportation
rules result in the pollution of natural ecosystem, particularly, soil cover. In order to
find a perfect solution to the problem, it is expedient to carry out studies on individual
pollutants and to adopt an effective remediation technique. Several remediation tech-
nologies based on physical, chemical, and biological methods have been employed
to get rid of oil contamination of soil. However, none of these technologies score high
due to one or more associated drawbacks [2]. A novel chemical-free approach for
cleaning oil contaminated soil with self-collapsing air micro-bubbles with diameter
less than 50 pwm can be developed without the use of chemicals, such as surfactants
and alkalis. Micro-bubbles have been widely explored for noteworthy applications in
various fields of science and technology. They possess certain unique properties such
as long stagnation time, ability to shrink, and finally, collapse under water surface
while generating pressure waves in contrast to the ordinary bubbles greater than
50 pwm. These properties make them suitable for cleaning applications and insight
for further development of chemical-free and sustainable fine bubble-based cleaning
technology for oil contaminated soil remediation is provided. MB’s tend to gradually
decrease in size and subsequently collapse due to long stagnation and dissolution
of interior gases into the surrounding water. They have larger surface area, higher
mass transfer rate, and slower rising speed than milli-bubbles. Rising velocity is a
key parameter affecting the behavior of the bubbles in water and liquid solution [3].
A decrease in bubble rising velocity is associated with a decrease in bubble size.
Compared to conventional bubbles in millimeter range, MB’s offer novel and unique
properties. These include high surface area to volume ratio, slow rising velocity in
the liquid phase, and higher internal pressure. An important property of MB’s that
distinguishes them from conventional bubbles is that they shrink when their size
is below a critical value; the rate of shrinkage significantly increases as MB size
decreases, due to increased internal pressure.

2 Aim and Objectives

The primary aim is to adopt a novel chemical-free approach in the treatment of oil
contaminated soil. To achieve this aim, the following objectives are set:

e To enhance the ex situ application of conventionally used soil washing method
by replacing it with a surfactant-free innovative approach.

e To introduce the working application of MBG to aid for the effective remediation
of oil contaminated soil.

e To enhance the production and efficiency of operation by replacing the conven-
tional generator design by a vortex flow inducing design.

e To introduce an internal element in the generator that improves the efficiency of
bubbles generated through the outlet.
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3 Methodology

The study focuses on the treatment of oil contaminated soil by means of the adsorp-
tion properties of MB’s generated by an innovative vortex flow MB generator. The
project gets initiated with the collection of soil sample from two prominent locali-
ties, one from the near locality of Oil Refinery in Ambalamugal and the other from
the flood affected area in Aluva. The sample collected from Aluva was found to be
of flood washed soil having a trace amount of oil and the area gained rather much
social significance due to the same. The soil samples so collected were classified as
Type A and Type B soils, respectively. The sample soil was collected with different
proportions of oil, and the condition of the soil before and after remediation was
recorded, and the results were tabulated for further inference. Application of vortex
flow inducing design in the conventional MBG provides a greater negative pres-
sure area, thus reducing the time consumed for bubble production. Also, for greater
bubble generation, an internal element is introduced within the body of the gener-
ator. The project emphasizes the large scale application of the model as a suggested
alternative to soil washing, a method with similar layout of application. The design
so introduced owes to be an innovative chemical-free approach to serve the cause.
The project can hence be applied in areas where soil is contaminated with oil under
ex situ conditions and can be used for the effective remediation of the same.

4 Principle of Design

The large scale application of the remediation method so adopted can be used as
a replacement to the conventionally used soil washing method and owes to be an
effective replacement in terms of reduced complexity in the process followed as well
as eliminating the need for surfactants to carry out remediation. It also introduces a
working design for generating MB’s that serves the purpose with an indentation to
its scope of being extended as a large scale design [4]. Principal of design is based on
the TRIZ model, wherein the limitation posed by the conventional model vis-a-vis
higher productivity and greater negative pressure resolved [5].

4.1 Conventional Design Model

Sadatomi’s MNB generator is a typical bubble generating device. Its structure
includes a circular pipe, nozzle, spherical body, suction chamber, micro-pore, mixing
chamber, and diffusion tube. The front end of the pipeline is provided with a nozzle.
The spherical body is arranged in the middle of the pipe. The suction chamber is
arranged on the pipeline after the spherical body and the micro-hole is arranged on
the air suction chamber pipe. The liquid from the nozzle is launched into the pipeline.
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When the liquid flowing through the spherical body, the spherical body forms a nega-
tive pressure area, which is behind the sphere. Under the action of negative pressure,
gas is inhaled into the mixing tube from micro-pores on the wall. In the mixing tube,
gas is accelerated and dispersed by high-speed movement of the droplet and gas.
Then, in the diffusion tube section, gas is compressed into MNB’s. But the efficiency
of MB formation is found to be low in case of Sadatomy’s MNB generator, since there
exists a pair of technical contradiction between “higher productivity” and “greater
negative pressure.” In other words, the greater the negative pressure, the more the
amount of MB generated relatively and to get more negative pressure, more small
spheres need to be set. But it is difficult to set more spheres in the circular pipe and
to manufacture more small holes [6].

4.2 TRIZ Model

By analyzing the main problem of Sadatomi’s MNB generator, there exists a pair
of technical contradiction between ‘“higher productivity” and “greater negative
pressure.” So, this study leads to the innovative principles recommended by TRIZ.

Working process of TRIZ model of MB generator is such that the gas—liquid
mixture is firstly formed. Under the combined action of density field, centrifugal force
field and negative pressure, the gas is separated from the gas—liquid mixture. Then,
the gas moves toward the axis, in which process, the bubbles are gradually broken into
MNB’s by small spheres. Firstly, high pressure gas—liquid mixed fluid does rotary
motion along the swirl spinning motion in the vortex body and is gradually accelerated
along the direction of the vortex body cone. In the interaction of fluid density field and
centrifugal force field, a negative pressure is generated in the center of the column
at the vortex body. Gases, which are separated from the high pressure gas—liquid
mixed fluid, are gradually collected to the negative pressure. While flowing through
the surface of the sphere, the high pressure gas—liquid mixed fluid is continuously
accelerated, and gases are continuously further cut into minute bubbles by liquid.
Meanwhile, the bubbles in the negative pressure move toward the nozzle. When
the bubbles are ejected from the nozzle, the high-speed strength shear and the high
frequency pressure change are generated at the gas-liquid contact interface, and
MNB is generated [7].

4.3 Innovative Design Model of MB Generator

The new model adopts the principle of the TRIZ model and also introduces an
internal element as an innovative approach to maintain the higher productivity and
greater negative pressure that the generator should maintain. The outer body casing
of the design model developed of the generator is a combination of a cylinder and
a frustum with a cylindrical shape at the top portion of body of the generator and
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toward the bottom, the shape of the frustum. Though designed as to induce vortex
flow and bring in the necessary negative pressure required within the casing of the
generator. The total height of the body was limited to 70 mm. From the possible
ratios so derived, the heights of the cylindrical and frustum portion were fixed as
20 mm and 50 mm, respectively. The upper and lower diameters of the casing were
fixed to be 60 mm and 30 mm, respectively. Also, the body of the generator was
made using 3D printing technology. The internal element so designed to satisfy the
need to generate sufficient MB’s to carry out the remediation process effectively.
As the model designed is used to meet small scale requirements and standards, the
number of micro-holes introduced in the internal element is hence less. The MB’s
are introduced in the internal element by drilling laser holes onto the element. The
number of micro-holes so introduced to serve the purpose was fixed to be 75. For this,
initially stainless steel sheet of 1 mm thickness was chosen. Onto this, micro-holes
were drilled. Further, the sheet was bent to suitable shape to fit into the body of the
generator. The design adopted in this paper considers square-shaped internal element.
Thus, the internal element was welded into square shape and further inserted into the
body of the generator. Hence, the basic body of the generator was designed. Figure 1
depicts the design layout of innovative micro-bubble generator with micro-porous
element.

In order to determine the working condition of the model prepared, different
trials were conducted prior to undertaking the remediation process. Initially, the
working efficiency of the internal element and its efficiency to yield MB’s were
tested. For this, the internal element, before being inserted into the casing of the
generator, was taken separately and subjected to pressurized air at different ranges
under standard temperature conditions provided in the laboratory. After a number of
trials, the pressure to be introduced in the internal element was fixed to be 150 ¢.
Further, the compressor was introduced such that it aids in providing pressurized air
into the internal element. The element along with the body and the air inlet together

Fig. 1 Design layout of the 60 mm

. - — — _ o =
micro-bubble generator Inlet - air

Inlet - water

70 mm

- -

30 mm
Outlet - nozzle
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was sealed together to form an airtight assembly. Further, a hole was drilled onto
the body of the generator at 45° inclination that serves as the water inlet into the
generator. The water was introduced into the generator using a diaphragm water
pump of specifications 12 V, 0.25 HP, and a flow rate of 4.5 LPM. The assembly
was made working using sufficient electric power and was set for different trials to
ensure proper working before remediation. Initially, the whole assembly was tested
with the bubbles being dispersed into water alone. It was observed that MB’s were
introduced along with ordinary bubbles and the presence of the former induced a
feeble lathered appearance onto the surface of water. Further, after ensuring that the
model is effectively in working condition, it was taken for the purpose of remediation.

Initially, the remediation was carried out in all different samples considered, with
the aid of manual stirring. For this purpose, the soil was placed in the container, and
the container was rotated manually to induce stirring, and MB’s were introduced
into the container. The soil added with oil, when taken for remediation, was found
to form clusters of soil-oil particles having different lump sizes as settled particles,
suspended particles, and particles that floated on the surface of water. The remediation
was carried out on the same and the time rate was noted based on the effectiveness
with which the process is carried out. This was further determined as a measure of
the time taken for the clusters formed due to the addition of oil to settle at the bottom
surface of the container after being broken apart into individual particles having
the physical appearance and characteristics as that of normal soil. The remediated
soil was then taken out; oven dried. It was observed that the remediated oven dried
soil was found to have changed its color of appearance from a darker shade to that
comparable with normal soil which was not added with oil.

5 Design Layout

The designed model is arranged with certain assemblies such that, all such addi-
tions, together as a single unit, serve the purpose of effective remediation of soil
contaminated with oil. The unit as such can be used to serve the purpose of in situ
remediation. To carry out ex situ remediation, the same layout can be inferred to,
with it being arranged on-site as on a temporary basis, the whole assembly mounted
on a necessary platform [8].

The assembly consists of a chamber or container onto which the soil from the site,
contaminated with oil is collected. From there, the soil is transported to the central
chamber using conveyor belts. The central chamber is the tank of required design
specifications in which the remediation process is carried out. The chamber is placed
atan elevated height from the ground or site of remediation. The chamber unit consists
of amechanical stirrer or blades which serve the purpose of mixing the soil served into
the chamber. The MBG is fixed onto the same chamber. For ex situ remediation, more
number of MBG’s, arranged in series with each other, can be incorporated onto the
chamber of larger capacity and consequently convenient design parameters to carry
out effective remediation. In the remediation chamber, both mechanical stirring and
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MB generation take place simultaneously. The mechanical stirring is introduced so
as to ensure uniform remediation throughout the soil mass. The MB’s generated
induces surficial adsorption of oil onto the surface of the bubbles. This activates
the remediation of the oil contaminated soil. Further, the water after remediation
is washed away from the chamber. For this, valves are provided to carry the post-
treatment water from the chamber. The water so collected can be treated and reused
[9]. As MBG’s are conventionally used for water treatment, the same can be used to
serve the purpose [10]. Thus, the treatment unit is provided with two water tanks,
one carrying a batch of fresh or treated water and the other carrying the water after
remediation. The soil after remediation is collected in a tank and laid back in the
site and allowed to dry at natural temperature conditions. The MBG is considered
as a potential approach in the soil treatment, though being used conventionally for
water treatment purpose. So, to induce remediation, trials are conducted on the soil
collected. For this, the soil is collected from two sites and is added with oil in O, 1,
2,3, 4, and 5% of the mass of the soil collected. Each of the soil specimens, added
with oil, is made to undergo remediation. Thus, soil added with oil is collected in
necessary quantity that is compatible with the design specifications of the integrated
unit. Further, it is allowed to pass into the remediation chamber through conveyor
belts. The soil in the remediation chamber is subjected to remediation induced by
surficial adsorption of the MB’s, aided by the generator, and mechanical stirring
induced by the blades fixed onto the chamber. The remediation is carried out on the
basis of time rate and effective remediation is inferred to with the clusters of the
soil added with oil being broken down into individual soil particles that eventually
settles at the bottom of the chamber. The soils after remediation are collected and
the oil left in the same is quantified using Soxhlet apparatus. Figure 2 shows the
design layout of the large scale remediation approach using micro-bubbles, where 1
is conveyor for separating soil, 2 is tank storing separated soil, 3 is conveyor carrying
soil for mixing, 4 is mixing chamber, 5 is motor-driven stirrer, 6 is series of MBG’s,

Fig. 2 Design layout of the innovative approach
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Fig. 3 Working model of the innovative approach

7 is air compressor, 8 is water filtering unit, 9 is soil outlet, 10 is conveyor carrying
remediated soil with provisions of removing water, 11 is water collection tank, and
12 is tank collecting remediated soil (Fig. 3).

6 Results and Discussions

6.1 Experimental Investigations

Oil remediation of soil under an innovative approach owes to the development of a
technology that reduces the complexities in functioning posed by the convention al
method being currently undertaken. Prior to carrying out the remediation process, the
geotechnical properties of the land have to be studied for inferring it to various civil
engineering practices after the process of remediation. For this, basic geotechnical
properties of soil were carried out. The comparison of the same with that of the
soil added with different proportions of oil was also made. This was conducted to
determine the variation of the properties of soil with the addition of oil under various
proportions.

It was found that the soil tends to exhibit well-graded characteristics irrespective
of whether oil was added or not, and that too unaffected by the proportion of the oil
in soil. Water content, specific gravity, and strength properties of soil were found
to show a decreasing trend with the increase in the proportion of oil added to soil.
As the trend so obtained proves to impart an adverse effect of the civil engineering
works that could be undertaken, remediation of the same becomes necessary.
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6.2 Results of Remediation

The soil collected from two sites named Type A and Type B, respectively, were
added with different proportions of oil at 0, 1, 2, 3, 4, and 5% of the weight of the
soil. Further, the soil was treated using micro-bubble generator. The treatment was
stopped at a point where the soil added with oil was free from clusters formed due
to the soil-oil interaction and settles at the bottom of the remediation chamber as
individual particles, free from oil. Also, the soil so treated was further oven dried and
the remediation was justified with the soil added with oil having physical appearance
comparable to that of the normal soil as shown in Figs. 4 and 5. The quantification
of post-remediated soil is done using Soxhlet apparatus. It was inferred from the
process of remediation undertaken using the innovative approach introduced to the
micro-bubble generator that the percentage of remediation induced in Type A soil
was greater than Type B soil at comparable time rates. Also, the process reduces
the complexities in the steps involved in that of conventionally used soil washing
method. The process also owes to be eco-friendly in nature as it exempts the use of
chemicals throughout the steps involved (Tables 1 and 2).

Fig. 4 Physical appearance of soil Type A a before remediation, b after remediation, ¢ normal soil

Fig. 5 Physical appearance of soil Type B a before remediation, b after remediation, ¢ normal soil
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Table 1 Remediation results of soil Type A

Co C, t in min
0.01 0.31 12.9
0.02 0.49 17.07
0.03 0.87 23.23
0.04 1.23 27.77
0.05 1.73 30.38

Table 2 Remediation results of soil Type B

Co C, ¢ in min
0.01 0.18 12.18
0.02 0.39 15.82
0.03 0.71 20.03
0.04 1.07 27.32
0.05 1.43 32.88

6.3 Validation of Mathematical Model

MB’s proved to be a promising alternative in the case of removal of oil from the soil.
MBG’s produce these bubbles, thus enabling the remediation of a large volume of oil
contaminated soil. In order to determine the efficiency of the model, mathematical
modeling can be done. Experimental breakthrough curves can be explained by using
such models. Most of the developed models require a preliminary determination of
large number of parameters, which require additional experimentation and nonlinear
curve fitting. This mathematical complexity or the need to know too many parameters
from different experiments make these models rather inconvenient for practical use.
For that reason, various mathematical empirical models have been developed to
predict the amount of pollutants or oil content remaining in the soil after remediation.

Bohart—-Adams model is used as the basis of mathematical modeling. Bohart and
Adams proposed an equation for the design of adsorption column. Considering the
MB’s as a good adsorbent of oil, the amount of oil removed from soil or adsorbed
on to the bubbles can be determined by using this model. The model assumes that
the adsorption rate is proportional to both the residual capacity of the pollutant, i.e.,
oil, and the concentration of the adsorbents, i.e., the MB’s. The empirical formula
given by the model is:

V4

(&
In| — ) = Kap.Co.t — Kag.Nog.—
H<C) AB-Co AB OF

0
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where C; = effluent solute concentration (mL/g), C is initial solute concentration,
K ap is kinetic constant (mL/g min), N is saturation concentration, Z is bed depth
(cm), F is linear flow rate (mL/min), and ¢ is time (min).

Here, the modified concept is to generalize the application of the equation to any
undertaken sorbent or sorbing species. Here, the influent concentration is the concen-
tration of oil in the soil before remediation. Similarly, the effluent concentration is
the concentration of oil in the soil after remediation. This is quantified using Soxhlet

apparatus. K o and N are obtained from the intercept and slope of the plot ln(%’))

versus . Z is the bed depth which is assumed to be the depth at which the MB’s are
released onto the soil with respect to the surface of the soil bed which is fixed to be
1 cm. F is the linear flow rate which is assumed to be a constant value and is adjusted
using valves connected to the assembly; the value so obtained is 10 mL/min. ¢ is
the time taken for remediation and is fixed to be at a rate of 10 min per cycle of
remediation on a single soil specimen. The values obtained using the parameters are
tabulated and graphs are plotted. The modified approach adopted to the modeling is
justified using the regression value. Regression value or R? is a statistical measure
of how close the data are to the fitted regression line. It is also known as the coef-
ficient of determination, or the coefficient of multiple determination for multiple
regression. If the value of R? 50 obtained lies between 0.83 and 0.98, then the math-
ematical modeling adopted can be effectively applied to all conditions concerning
the assumption (Fig. 6; Tables 3 and 4).
The regression value can be expressed as:

,  sum of squares of resisdual

total sum of squares

The regression value hence obtained from the graph for Type B soils is: R> =
0.9727.

36
35

34

33
y = 0.0256x+2.747

RF=098"

129 17.07 2323 27.77 30.38

Fig. 6 Graph for Type A soil
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Table 3 Mathematical modeling of Type A soil

A. Nishida et al.

Co C; VA F t
0.01 0.31 1 10 12.9
0.02 0.49 1 10 17.07
0.03 0.87 1 10 23.23
0.04 1.23 1 10 27.77
0.05 1.73 1 10 30.38

Table 4 Results obtained
from graph for soil Type A

0.0256

is
34
33
3z
C 31
ln{c—') ¥~ 0,0229%+ 2,636
0 E ]
R« 09727
13
28
T
26
12.18 1582 2003 2732 12.88
t
Fig. 7 Graph for Type B soil
Table 5 Mathematical modeling of Type B soil
Co C; V4 F t
0.01 0.18 1 10 12.18
0.02 0.39 1 10 15.82
0.03 0.71 1 10 20.03
0.04 1.07 1 10 27.32
0.05 1.43 1 10 32.88
Table 6 Results obtained K N
from graph for soil Type B AB 0
0.0229 0.636
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As the value of R? so obtained lies between 0.83 and 0.98, the mathemat-
ical modeling adopted can be effectively applied to all conditions concerning the
assumption.

7 Conclusions

Oil contaminated soil has been widely recognized to constitute a major environ-
mental issue due to its adverse effects on human health and ecological safety. There
are many conventionally existing methods to treat oil contaminated soil. Of these, the
commonly used technique is soil washing. But soil washing poses certain difficulties
due to the complexities in the steps undertaken for remediation. Also, the method
makes use of chemicals to treat soil and hence is non-eco-friendly in nature. So as to
overcome such disadvantages, an innovative approach was brought about for reme-
diation that replaces the existing method. Soil remediation using micro-bubble tech-
nology proved to be a promising alternative because of the noteworthy applications
of micro-bubbles in science and technology. For the production of micro-bubbles,
micro-bubble generator is designed. The generator is provided with a vortex flow
casing and an internal element with laser holes drilled into it at micro-scale, which
maintains high productivity with greater negative pressure. Another advantage of
this method of remediation over conventional methods is that, it is a chemical-free
approach and is less complex as compared to other methods. Hence, the method is
eco-friendly in nature. The study also introduces a design layout that can be applied
both in in situ as well as ex situ conditions, contradictory to the existing methods,
which is applicable only in either of the two. Furthermore, the layout serves to have
dual purpose as the water used is being treated, and thereby causing a significant
reduction in the amount of water being used for remediation. Thus, the project owes
to be innovative and efficient in its design, productivity, and efficiency.
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Treatment and Reuse of Periyar m)
Sedimented Soil Using Nanochemicals ek

B. Diya and Ann Mary Mathew

Abstract Severe floods affected the South Indian state of Kerala on 8 August 2018.
The overflow of Periyar River resulted in large losses during and after the flood.
Aftereffects of flood were severe. There were no available land or proper method to
dispose the sediment dredged waste. Also it caused a large destruction to the pave-
ments in the surrounding area of the river due to overflow. Pot holes developed due
to the ingression of water into the subgrades. It demands huge amount of money for
the repair of these pavements as well as to dispose the waste collected from various
buildings. So in order to utilise the soil effectively and economically in an ecolog-
ically beneficial manner, we introduce a method for the proper treatment and reuse
of these sedimented wastes as a suitable subgrade material. The soil treated with the
nanochemicals can be used as a subgrade for pavement construction. The nanochem-
icals used were Zycobond and terrasil from Zydex Industries. These chemicals were
added in various percentages such as 0.02, 0.04, 0.06, 0.07, 0.08, 0.09 and 0.1% to
obtain optimum dosage.

Keywords Nanochemical - Subgrade + Flood

1 Introduction

From August 2018, severe floods affected the South Indian state of Kerala, due to
unusual high rainfall during the monsoon season. Chengannoor, Pandanad, Edanad,
Aranmula, Kozhencherry, Ayiroor Ranni, Pandalam, Kuttanad, Malappuram, Aluva,
Chalakudy, Thiruvalla, Eraviperoor, Vallamkulam, North Paravur, Vypin Island and
Palakkad Chellanam are the most affected areas which had been witnessed. The
aftereffects of these floods became more crucial in the case of proper disposal of the
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Fig. 1 Waste soil deposited on the banks

waste from the building which was deposited as a result of overflow of Periyar River
asin Fig. 1. Cleaning of flood-hit houses, shops and flats was a very big challenge [1].
The cleaned wastes from various buildings were deposited in front of the houses, but
could not find an effective solution for disposal of this soil waste in a proper manner
[2]. This study indicates a method for the proper reuse of these sedimented wastes
in a suitable manner using nanochemicals [3].

The main objective of the study is to take away the waste which is removed from
buildings in the flood affected areas. But through this study, it is determined to utilise
this waste soil as an effective and economical subgrade material. The principal aim
is to protect the environment and enhance public health, while optimising the cost.
Use of such materials typically results in considerable cost savings. However, such
material is often very inexpensive [4].

2 Materials

2.1 Soil

Soil was collected from the front yard of a flat named Jewel homes in Aluva as in
Fig. 1. 65 kg of soil was collected after digging up to 3 m. A sample soil of 500 g
was collected in a zip bag for the determination of water content of the soil.

The properties of the soil are shown in Table 1.
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Table 1 Properties of soil

37

Properties Values
Natural water content (%) 40
Specific gravity 2.66
Clay percentage (%) 32.34
Silt percentage (%) 46
Sand percentage (%) 21.66
Liquid limit (%) 45
Plastic limit (%) 28
Shrinkage limit (%) 18.9
Plasticity index (%) 17
Optimum moisture content (%) 28.5
Maximum dry density (g/cc) 1.485
Soil classification CI
Free swell index (%) 16.66
Organic content (%) 0
UCC strength (kg/cm?) 0.6135
Shear strength (kg/cm?) 0.3067
Permeability (m/s) 441 x 1073
PH 5.25

2.2 Terrasil

Terrasil is a soil modifier that permanently eliminates infiltration of water into soils
[5]. Making soil bases impervious to water has a significant impact on overall life
cycle costs. Terrasil was collected from Zydex Industries as shown in Fig. 2. The

properties are shown in Table 2.

2.3 Zycobond

It imparts water proofing and resists water ingress through the unpaved areas [6].
1 kg bottle as in Fig. 3 is purchased from Zydex Industries. It is mixed and diluted

with water and used [7].

The physical and chemical properties of Zycobond are as shown in Table 3.
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Fig. 2 Terrasil from Zydex i Y3 TR
Industries, Gujarat i A o ' "

Table 2 Properties of terrasil

Form Liquid

Colour Pale yellow

Flash point >80 °C

Explosion hazard Not known

Density 1.01 g/ml

Freezing point 5°C

Solubility Miscible with water

pH value 10% solution in water. Neutral or slightly acidic
Viscosity 100-500 CPS

Source Zydex Industries

3 Result and Discussion

3.1 Variation of Unconfined Compressive Strength (UCC)
on Addition of Nanochemicals Upon Curing

Unconfined compressive strength test was done to determine the threshold ratio
of nanochemical soil mix. However, nanochemicals are required to add in a small
percentage. The nanochemicals were added in percentages of 0.07, 0.08, 0.09 and
0.1%. The following results were obtained and shown in Chart 1.
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Fig.3 Zycobond from
Zydex Industries

honoc 9N

Table 3 Physical and chemical properties of Zycobond

Appearance White liquid
Odour Mild
Chemical type Acrylic copolymer

Physical state

Liquid

Solubility Dispersible in water
Density 1.01-1.02 g/ml
pH value Approx 6.5-8

Chemical stability

Stable under normal temperature and pressure

Condition to avoid incompatibilities with other
material

Strong oxidising agent, acid, alkali

Hazardous polymerisation

Hazardous polymerisation will not occur

Source Zydex Industries

4 Discussion

The UCC strength is maximum for 0.07% of nanochemical upon 3 days of curing.
The value of strength decreased with further addition of the chemical as well as days

of curing.
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Chart 1 Variation of
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4.1 Proctor Compaction Results

Proctor compaction tests are done with the same mix chosen for UCC tests. The
variation of maximum dry density is shown in Chart 2.

5 Discussion

Maximum dry density decreased as the percentage of addition of chemical increased.
The maximum dry density value at 0.07% = 1.85 g/cc. The variation for 0.08 and
0.09% is almost equal. Maximum dry density increased by 33.4%.
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Chart 3 Variation of oMC
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5.1 Effect of Optimum Moisture Content by Addition
of Nanochemical

The variation of optimum moisture content with nanochemical is shown in Chart 3.

5.2 Variation of CBR
Soaked CBR value is found at different percentages of nanochemicals as in Chart 4.
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6 Discussion

The CBR value increased from 2.27 to 9.2% at 0.08% of nanochemicals can be
effectively used for subgrade construction.

7 Conclusion

The objective of the study was to investigate the reuse of the wasted sedimented soil
as aresult of flood with the addition of nanochemical, thereby effectively utilising the
soil additive mix for the construction of subgrade. The main focus was on determining
the optimum ratio of the nanochemical soil mix. For that the maximum dry density,
optimum moisture content, strength and CBR values are determined.

From the test results

The OMC decreased and maximum dry density increased.

CBR value increased to 305.28% at 0.08% nanochemical.

The unconfined strength of the soil increased at 0.07% of nanochemical.

The ratio of nanochemical flyash mix that can be effectively used as the subgrade
material was determined as 0.07:2 with a curing period of 3 days.

Through the results in the paper, it can be concluded that 0.07:0.07:2 terrasil—
Zycobond mix could be effectively used as a subgrade material. Due to the high
CBR value, the thickness of subgrade can be reduced.
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A Study on Red Soil to Form an Bouncy m
Cricket Pitch i

S. Amritha and V. Rani

Abstract The characteristic of soil for pitches varies considerably from country to
country, and generally, pitches in Indian subcontinents are regarded to be slow and
dusty in contrast to pitches in other countries. This study involves research on the
behaviour of soil for cricket pitches in Kerala according to BCCI guidelines expressed
in terms of percentages. The main purpose is to make use of locally available soils
in order to improve its strength thereby developing a fast and bouncy pitch. For this
purpose, different percentage of bentonite clay is added to the available soil in order
to yield hardness to the pitch. The clayey property of bentonite clay makes the soil
stiffer. Using proper clay content and appropriate techniques and proper maintenance,
a perfect pitch can be developed here in Kerala. All the steps and available conditions
during making process like soil selection, laboratory tests like compaction, CBR test,
specific gravity, sieve analysis, etc., schedules to attain maximum compaction, CBR
values and properties of soils do have proved scientific reasons and have the direct
correlation with outcome and performances of pitch. This project aims on improving
the characteristics of soil for an efficient rebounding pitch.

Keywords Shear strength - Compaction + California bearing ratio

1 Introduction

Cricket is considered as one of the most popular sports in the world. Playing surface,
weather, ground conditions and many other variables play a part. Especially important
among these is the playing surface known as cricket pitch. Here a model pitch is
generated to observe characteristics of soil such as improving its strength, durability
for forming an efficient pitch. A relation is generated between compaction and vertical
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bounce test. A ball is allowed to fall under gravity on model pitch from a height of
about 2 m in order to measure the bouncing height made by the ball. The bouncing
height is measured by Engauge Digitizer recommended by BCCI.

Different percentages of bentonite clay are added to the available soils to improve
its physical characteristics. The liquid consistency state plays an important role in
pitch preparation. Transformation between solid and plastic consistency is used in
pitch preparation. The model pitch is wetted to make it plastic so it gets smoothened
and then allowed to dry so it moves to solid consistency where it becomes hard as
well as bouncy character gets improved.

Shannon [1] made a basic guide on pitch preparation for cricket on soils in order
to make a fast and bouncy pitch. He mentioned guidelines for developing pitches on
soils and also renovation of old pitches for better performances. He also suggested
that the process of compaction and closely mown turf could develop perfect pitches
on ground.

Parsons [2] studied the effect on aeration of clay soils in cricket pitches. In this
study, effect of aeration processes on soils was analysed so he came to a conclusion
that the aeration process can change physical properties and biological health of soil-
based sports surfaces. Thus, he proposed guidelines for conducting aeration treatment
on soil pitches, thereby providing best solutions to overcome ground problems.

Nawagamuwa et al. [3] made a study on the improvement of local soils in order to
make fast and bouncy cricket pitches. In this study, he mainly focussed on the possi-
bilities of improving characteristic of soils for producing fast and bouncy pitches by
focussing on different soil properties. He concluded that from the tests conducted, the
results showed that the plasticity characteristic of soil improved by the introduction
of bentonite clay on the local soils.

Singh [4] made a study on cricket pitches—science behind the art of pitch making.
In this study, he mainly focused on different methods to develop a perfect bouncy
pitch by conducting different experiments at different percentages. And he came to
a conclusion that soils with some desirable amount of clay content are considered as
a perfect pitch soil.

James et al. [5] made a study on predicting the playing character of cricket pitches.
In this study, he determined that the soil properties and a correlations were drawn
between pitch performance and soil compaction. He concluded by finding different
properties of the soil, and the amount of percentage of clay content required for an
efficient bouncy pitch was also determined.

Haake [6] made a study on the playing performance of countries cricket pitches. In
this study, he determined the different soil properties by conducting different exper-
iments and conditions required for producing a fast and bouncy pitch. He concluded
by finding different soil properties, and the amount of bentonite clay required to
produce a fast and bouncy pitch was identified.
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Table 1 Properties of bentonite clay

Properties Value
Specific gravity (IS 2720 part 3) 2.57
Liquid limit (IS 2720 part 5) 336%
Plastic limit (IS 2720 part 5) 47%
Shrinkage limit (IS 2720 part 6) 12.4%
Plasticity index (IS 2720 part 5) 289%
Optimum moisture content (IS 2720 part 7) 40%
Maximum dry density (IS 2720 part 7) g/cc 1.19
Soil classification CH
Free swell index (IS 2720 part 40) 120%
Undrained shear strength (IS 2720 part 10) kN/m? 112.7
Coefficient of permeability (IS 2720 part 17) m/s 3.2 x 10710

2 Materials

2.1 Bentonite

Bentonite is a form of clay which comprises montmorillonite. Bentonite used in this
study mainly comprises sodium ions as their major constituent. The material was
collected from English India Private Ltd., Veli. A clayey material which enhances
the properties of soil by its addition in varying percentages proves an efficient way
in increasing the strength parameters of the soil. The bentonite property is mainly
exploited to produce green moulding sand. In this application, bentonite with a suit-
able moisture content covers quartz sand grains and acts as a connective tissue to the
entire mass. Under this homogenous coating, even at maximum compression, water
will remain in a highly “rigid” state, binding the sand grains and lending maximum
resistance to the sand mould. Bentonite vitrification temperature is higher than other
clays. Therefore, when used as an additive, it makes green sand more durable, and,
in particular, more resistant to heat stress. Table 1 shows the properties of sodium
bentonite used in the study (Fig. 1).

2.2 Red Soil

Red soil is a type of soil that develops in a warm, temperate, moist climate under
deciduous or mixed forest, having thin organic and organic—mineral layers overlying
a yellowish-brown leached layer resting on an illuvium red layer. Red soils are
generally derived from crystalline rock. They are usually poor growing soils, low in
nutrients and humus and difficult to be cultivated because of its low water holding
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Fig. 1 Bentonite clay

Fig. 2 Red soil. Source Wikipedia

capacity. The soil sample was thoroughly oven-dried, weighted and stored in sacks
at room temperature (Fig. 2; Table 2).

3 Methodology

Laboratory tests were conducted to determine the engineering properties and strength
characteristics of soil samples with and without addition of bentonite. The main
materials characterized in the present study are red soil, bentonite. A brief introduc-
tion about these materials and methodology is explained in this chapter. The soil
considered for this study was tested first for engineering properties, and the samples
were tested for determination of strength parameter that is compaction. Tests were
conducted on varying percentages of bentonite to both the samples—0%, 5%, 10%,
15%, 20% and 25% by weight, respectively, and optimum is found out.
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Properties Result
Liquid limit (%) 35
Plastic limit (%) 24.47
Shrinkage limit (%) 16
Soil classification CI
Clay (%) 57
Silt (%) 24
Sand (%) 19
Specific gravity 2.62
ucc strength (kN/m?) 33.23
Optimum moisture (%) 17
Maximum dry density (kN/m?3) 1.7

4 Results and Discussions

4.1 Liquid Limit

The experiments were conducted for red soil with varying percentages of bentonite
from 0, 5, 10, 15, 20 and 25% of bentonite along with the red soil. The variation
of liquid limit for red soil with varying percentages of bentonite is shown below

(Fig. 3).

There is increase in the liquid limit value with increase in percentage of bentonite
clay content. The liquid limit increased up to 25% (Nawagamuwa 2014). The values
obtained are within the limits and are considered suitable for remaining experiments.

Variation in Liquid Limit
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Fig. 3 Variation in liquid limit for red soil with varying percentages of bentonite
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Variation in Plastic Limit

30 -
25
_
t 20 4
: w
g 15 %
-
b
£ 104
=
5 <4
0 " . . . . )
0 s 10 15 20 25 30

Bentonite (%)

Fig. 4 Variation in plastic limit for red soil with varying percentages of bentonite

4.2 Plastic Limit

The experiments were conducted for red soil with varying percentages of bentonite
from 0, 5, 10, 15, 20 and 25% of bentonite along with the red soil. The variation
of plastic limit for red soil with varying percentages of bentonite is shown below
(Fig. 4).

Red soil showed an increase in plastic limit with increase in percentage of
bentonite clay content. The values obtained are within the limits and are considered
suitable for remaining experiments (Nawagamuwa 2014).

4.3 Plasticity Index

The experiments were conducted for red soil with varying percentages of bentonite
from 0, 5, 10, 15, 20 and 25% of bentonite along with the red soil. The variation of
plasticity index for red soil with varying percentages of bentonite is shown below
(Fig. 5).

Red soil showed an increase in the plasticity index with increase in percentage of
bentonite clay content.

4.4 Compaction Characteristics

The experiments were conducted for red soil with varying percentages of bentonite
from 0, 5, 10, 15, 20 and 25% of bentonite along with the red soil. The variation

of compaction for red soil with varying percentages of bentonite is shown below
(Fig. 6).
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Fig. 5 Variation in plasticity index for red soil with varying percentages of bentonite
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Fig. 6 Compaction curve for red soil with varying percentages of bentonite

The compaction value of red soil also increased with increase in percentage of
bentonite clay content as per the journal of Usman et al. [7]. The maximum value

obtained for compaction was for 15% of clay content with OMC 23% and MDD
2.1%.

4.5 Image Processing of Vertical Bounce Test

The experiment was conducted by allowing the cricket ball to fall freely from a
height of about 2 m into the model pitch. By image processing, the rebound height
of ball is noted and it is found that up to 15% of bentonite content bounce value
increased and then it decreased. The variation of bounce height for red soil with
varying percentages of bentonite is shown below (Fig. 7).
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Fig. 7 Variation of vertical bounce with varying percentages of bentonite clay

The red soil showed an increase in height up to 15% of bentonite content, and

then, it decreased. The optimum value of bounce is found at 15% clay content.

5

Conclusions

Following are the conclusions obtained from the study

The compaction curve was found with increase in percentage of bentonite in red
soil.

For the optimum percentage of bentonite, the vertical bounce increased to 5.5
times than that of original state. The optimum value for bounce was observed at
15% of clay content for red soil.

The liquid limit value was determined for red soil with varying percentages of
bentonite clay from 0% to 25%. The result showed an increase in value of liquid
limit with increase in percentage of bentonite clay. The value obtained for each
percentage was within the limits that is between 22.5 and 49.6%, which indicates
that the soil can be utilized for the making of pitches.

The plastic limit value was determined for red soil with varying percentages of
bentonite clay from 0 to 25%. The result showed an increase in value of plastic
limit with increase in percentage of bentonite clay.

The value obtained for each percentage was within the limits, which is between
13.8 and 34%. It indicates the binding effect of bentonite on soil. The compaction
values were also determined for red soil with varying percentages of bentonite
clay from O to 25%. The maximum dry density (MDD) and OMC were obtained
at 15% of bentonite clay content on red soil, and for this optimum percentage
of bentonite, the vertical bounce test was conducted for red soil to found its
rebounding height.
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Influence of Flood on the Behavior m
of Friction Piles e

R. S. Athira, S. H. Jasna, K. A. Renjini, Manjima Jayan, Shruthi Johnson,
and J. Jayamohan

Abstract Structures are commonly supported on pile foundations at locations
having marginal soil. Friction piles are provided wherever the depth to a hard stratum
is large. The load settlement behavior of a friction pile entirely depends on the inter-
action between soil and the pile material at their interface. Recently, our state expe-
rienced unprecedented flood which caused wide spread damage to various type of
structures and their foundations. It was observed that the majority of failure of struc-
tures occurred due to the failure of foundation. This paper investigates the influence
of drawdown of water on the load-settlement behavior and stability of friction piles.
The results of a series of laboratory-scale load tests to determine the influence of
drawdown on the settlement of pile are presented. Laboratory-scale load tests on
model pile are carried out in a masonry tank, which has arrangements for pumping
in water and drawdown. The influence of rate of drawdown on settlement is studied
by varying the discharge of inflow of water. It is observed that the settlement of pile
considerably increases due to sudden drawdown.

Keywords Pile foundation + Drawdown - Settlement

1 Introduction

Our state of Kerala experienced unprecedented flood quite recently which caused
widespread destructions to various structures. One among the main reasons for the
collapse of structures was the failure of foundation due to the sudden movement of
water. Damages to the building during inundations can be the result of not only the
direct activity of the flood wave and surface water, but also changes in groundwater
flow conditions, including the increase of their piezometric level. In the past few
decades, many researches have been carried out to investigate the analysis of settle-
ment in foundation due to rise of groundwater. It has been proved that there is an
increase in settlement resulting in decrease in bearing capacity during inundation.
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Rise of groundwater level is believed to increase the settlement significantly and
had been a topic of research for many years. Some of the studies which have been
conducted in this field are the effect of Submergence on Settlement and Bearing
Capacity by Kazi et al. [1]. They conducted simple laboratory experiments and have
shown that the sand bed settles significantly when it is submerged under water for
lower values of relative density. Terzaghi (1943) postulated that the submergence of
the sand reduces the soil stiffness by half, which in turn doubles the settlement. Stress
and pore water pressure changes in partially saturated soils under strip footings had
been studied by Mohammed Yousif Fattah et al. (2014). They reported that there are
two phenomena governing the behavior of footing represented by settlement (nega-
tive vertical displacement) and heave (positive vertical displacement). An increase
of load on the foundation will increase the settlement, and the failure surface will
gradually extend outward from the foundation in heave behavior.

This paper investigates the impact of floods on the settlement behavior of pile
foundation by carrying out a series of laboratory scale load tests. The influences of
drawdown on the settlement of friction piles are investigated.

2 Laboratory-Scale Load Tests

The experimental investigation was carried out at the Geotechnical Engineering
Research Laboratory of LBS Institute of Technology for Women, Thiruvanantha-
puram. The details of materials used, experimental setup and methodology are
presented below.

2.1 Materials Used

The sand used for granular bed was well-graded sand (SW). Properties of the sand
are presented in Table 1.

Table 1 Properties of sand

Property Sand
Dry unit weight (kN/m?) 17
Specific gravity 23
Cohesion (kPa) 2
Angle of shearing resistance (°) 30
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2.2 Experimental Setup

Laboratory-scale load tests are conducted in a test bed and loading frame assembly.
The test beds are prepared in a tank which is designed keeping in mind the size of
the model pile to be tested and the zone of influence. The dimensions of the test tank
are 1000 mm length x 750 mm width x 750 mm depth. Model pile having diameter
12.0 mm and length 60 cm is fabricated with mild steel. The loading tests are carried
out in the loading frame fabricated with ISMB 300. The load is applied using a hand-
operated mechanical jack of capacity 50 kN. The applied load is measured using a
proving ring of capacity 10 kN. Plumbing arrangements were given as two inlet pipe at
the bottom of the tank for raising the groundwater level at various discharges at longi-
tudinal and lateral direction, another inlet at top of the tank for giving submergence
due to surface flow, and an outlet pipe for measuring the drawdown.

The settlement of model pile is measured using two dial gauges kept diametrically
opposite to each other. The model pile is placed exactly beneath the center of loading
jack to avoid eccentric loading (Figs. 1 and 2).

Fig. 1 Loading frame
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Fig. 2 Plumbing arrangement

2.3 Preparation of Test Bed and Flooding Condition

The initial test is conducted with sand alone in the test tank. Sand is filled in layers
of 5 cm thickness and is compacted using a plate vibrator. Piezometers are placed
between these layers on opposite side of footing for measuring the head of water.
After the preparation of sand bed, the pile is placed at the center of the tank. Two dial
gauges are fixed diametrically opposite to each other to measure the deformation.
The given load measured by means of a proving ring, simultaneously the settlement
measured by means of two dial gauges placed diametrically opposite to each other.
The inlet pipe at the top of the tank is opened and filled the tank 5 cm above the
sand bed, thereby creating the surface flooding. Then, the outlet valve is opened for
simulating the drawdown condition. The settlement values are then measured from
the dial gauges corresponding to the time intervals. The corresponding head can be
measured by means of the level of water in the piezometers (Fig. 3; Table 2).

3 Results

See Figs. 4, 5 and 6.
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Fig. 3 Test setup for laboratory-scale load test

Table 2 Discharge parameters varied in laboratory-scale load test

Variation of discharge Full Y2

Lateral discharge (10_6m3/s) 1.63 1.28

4 Discussion

In case of sudden drawdown, the discharge on the lateral direction is varied and it is
observed that settlement increases with increase in time. The increase in settlement
is due to hydrostatic pressure that develops with increase in head.

5 Conclusion

In drawdown condition, settlement increases with time. Settlement increases at a
rapid rate for full discharge condition.
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Fig. 6 Rate versus settlement (half discharge)
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Geotextiles in Permeable Pavement Gt
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Management

Mohan Kavitha, Subha Vishnudas, and K. U. Abdu Rahiman

Abstract Stormwater management is a challenging task for countries all around
the world due to rapid urbanization and climate change. Different low impact devel-
opment (LID) practices have been adopted around the world to tackle the situation.
Permeable pavements are a widely accepted solution to stormwater management and
groundwater recharge. The structure of permeable pavements incorporates a layer
of geotextile to stabilize the reservoir course. However, the other properties of the
geotextile layer that includes drainage and filtration also need to be looked into. This
paper tries to review different properties of geotextiles when incorporated into the
soil and check the feasibility of using coir geotextiles in the permeable pavement
structure.

Keywords Stormwater management - Permeable pavements - Coir geotextiles -
LID practices

1 Introduction

Rapid urbanization has brought along its wake a lot of problems, especially from
the point of view of drainage. As the built-up areas increased, the natural drainage
characteristics of the lands were affected, leading to flooding and unavailability of
water fit for human conception. Scarcity of water has highlighted the importance
of rainwater harvesting and groundwater recharge. Low impact development (LID)
practices and sustainable urban drainage systems (SUDS) are now becoming popular
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around the world for being able to counter the ill effects of urbanization like pollution
and drainage problems without compromising on the development of the region.

Permeable pavements are a long existing LID practice that helps reduce surface
runoff and augments groundwater recharge. The pavements, incorporated in low
traffic areas and parking lots, act as a storage reservoir, storing the excess rainwater
in its reservoir course and thus preventing the water from flowing out as surface
runoff.

Many studies have been conducted to quantify the effectiveness of permeable
pavements for small as well as large storms. Experimental studies carried out by [1]
showed that permeable pavements reduced runoff by 93% compared to an asphalt
pavement subjected to the same rainfall even after being constructed above clayey
soils. A performance comparison of four different types of permeable pavements was
carried out by [2], and though their response was significantly different for smaller
storms, their responses were comparable during larger storms and much better than
asphalt pavements.

Efficiency of permeable pavements for draining rainwater largely depends on
the storage capacity of the reservoir course. Clogging of the pavements by fine
sediments that entered via the gaps in the pavement was found to be the biggest
source responsible for reduction in their lifespan. It was pointed out by [3] that
permeable pavements were not given BMP credits due to the fact that it is prone
to clogging. It was also examined by [4] that the life of these pavements cannot be
predicted accurately, as the sources of clogging vary for different sites. Reference [5]
discussed about the development of a ‘clogging front’ that forms as runoff passes over
already clogged regions and infiltrates downstream, clogging it with more sediment
and organic matter as it moves forward.

1.1 Structure of a Permeable Pavement

The structure of a permeable pavement illustrated by [6] is shown in Fig. 1. The
permeable paving surface is underlain by a porous bedding media and separated
from the lower reservoir base course by a geotextile separation layer. The reservoir
base course is separated from the existing soil subgrade by another geotextile layer.

Each of the components of the permeable pavement has functions of their own.
After water travels through the gaps in the porous paving, it passes through the
bedding course, usually comprising of sand or gravel. The upper geotextile filters
the water of impurities, and the water passes on into the reservoir sub-base course,
where it is stored till it slowly infiltrates into the existing soil subgrade and eventually
recharges the groundwater. The lower geotextile layer is provided to separate the base
course from the existing subgrade and stabilize the pavement structure. A perforated
underdrain can be provided to collect the water stored in the reservoir course, in case
it is not desired by the designers for the water to enter the subgrade and weaken its
structure.
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Fig. 1 Longitudinal section of a permeable pavement

The functions of different components of the permeable pavements have been
studied by many authors. The most interesting part though is how many of them
seem to overlook the functions of the geotextile layers. Many experimental studies
on permeable pavements have been carried out in the absence of a geotextile layer,
deeming them as optional. This paper tries to review different studies that have been
conducted on the geotextile layer of the permeable pavement structure. An attempt
is made to check whether the synthetic geotextile layer can be replaced by naturally
available geotextiles like coir by reviewing the essential characteristics of both the
fibers based on the literatures available.

2 The Geotextile Layer in Permeable Pavements

2.1 The Function of the Geotextile Layer—Review of Studies
Conducted

The use of geotextiles in permeable pavements is fivefold—drainage, filtration,
reinforcement, separation and inter-layer functions.

It was reported by [7] that permeable pavements act as in-situ aerobic bio-reactors
to break down hydrocarbons present in pollutants like engine oils and improve the
quality of infiltrating water. Some researchers such as [8] believe that the geotextile
layer plays an important role in improving the quality of water that passes through the
permeable pavement structure. It was considered to be effective in trapping pollutants
and biodegrading it within the system.
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Many researchers have studied about the biodegradation of pollutants at the site
of the upper geotextile of the permeable pavement system. They discovered that the
one of the major source of pollutants into the water that moves through the perme-
able pavement was engine oil and similar hydrocarbons. The biodegradation of the
oil particles could be carried out by the microbial activity on the upper geotextile.
However, the unavailability of nutrients like N, K and P in this system affects the
sustained health of the bacteria required for oil biodegradation. In order to over-
come this situation, [9] examined the use of a self-fertilizing geotextile—where
treated phosphate beads were incorporated into the geotextile leading to slow release
phosphate into the system, which will help the bacteria survive.

One of the most significant studies carried out on the importance of geotextile
layer to the structure of the permeable pavement was the Abertay study ([10, 11]).
The researchers did an experiment in elevated test rigs under accelerated time scale
to check the effectiveness of pollutant removal capacity of geotextiles. However, [12]
questioned the validity of the study due to their decision to accelerate the timeline
of 10 years’ worth pollutant loads to 2 months, arguing that it did not give enough
time for the natural systems to have settled in place. A valid statistical analysis could
not be carried out during the Abertay study, due to the variability in data, and hence,
a clear correlation of whether a geotextile layer is responsible for the removal of
pollutants could not be reached.

It was pointed out by [12] that geotextile layer, while allowing water to pass
through, retained the sediment on it, which will end up decreasing the heavy metal
pollution of the water, since most of the heavy metals are carried into the water by
the sediments on the paving surfaces.

The review of the studies conducted on the geotextile layer incorporated in a
permeable pavement, leaves a lot of questions unanswered. The number of attempts
made to correlate the quantity and quality of the stormwater runoff with the presence
of a geotextile layer in a permeable pavement is very less and leaves a lot of scope
for further experimentation.

3 The Characteristics of Geotextiles in Pavement
Construction

While the studies relating to the performance of geotextile layer in permeable pave-
ments are very few, many studies are available on the characteristics of geotextile
applied to pavement construction—especially with regards to its reinforcement and
strength characteristics.

Some index properties are available that can help determine the characteristics
of geotextiles. These include mass per unit area, apparent opening size, falling head
permittivity, puncture resistance, trapezoidal tear, grab tensile and wide-width tensile
strengths.
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Mass per unit area is determined for the purpose of quality control. It determines
the specimen conformance.

Apparent opening size signifies the ability of a geotextile to retain fines. According
to experiments carried out by [13], if the apparent opening size (Oos) of the geotextile
is less than 85% size (dgs) of the retained soil, it would perform satisfactorily. For
fine soils in suspension, it was concluded that the ratio of Ogs to dgs should be limited
below 0.5.

Significance of puncture resistance lies in the fact that geotextiles exhibiting
greater puncture resistance would theoretically provide greater resistance to the
punching action of aggregates above the subgrade.

Trapezoidal tear test tries to measure the tensile force at which a tear in the
geotextile will start to propagate and cause damage to the geotextile as a whole.
Wide-width tensile test helps determine the tensile strength of the specimen when
gripped across the whole width of the specimen, while the grab tensile strength helps
determine the tensile strength of the geotextile, when gripped only for a part of the
entire width. Wide-width tests are carried out in both machine and cross-machine
directions, in order to determine the best way to orient the geotextile. Elongation of
the geotextile is also recorded while conducting these tests. It is a good sign, if the
geotextile elongates more, showing that it can resist the tears more.

Common index properties of 17 geotextiles (which included different varieties of
woven and non-woven geotextiles) were conducted by [14]. The woven geotextiles
tested included slit-film geotextiles and combination geotextiles of monofilament
fibrillated, monofilament and slit-film weaves. The non-woven geotextiles tested
included needle punched as well as heat bonded geotextiles. The mean values of the
obtained results are given in Table 1.

In addition to the above properties, the apparent elongation of woven geotextiles
at failure was found to be 26%, while that of non-woven geotextiles was found to
be 82%. The results of the wide-width tensile tests conducted by [14] are given in
Table 2.

From the tables, it is clear that though the tensile strengths of woven geotextiles are
much greater than non-woven geotextiles, the permittivity of non-woven geotextiles
is greater than their woven counterparts. When selecting an appropriate geotextile to
be used in a permeable pavement, an engineer should be able to weigh in the pros and
cons of both types of geotextiles to come to an answer. While it would be preferred to
go for a non-woven geotextile over structurally sound subgrades, woven geotextiles
would be preferred over weaker soils such as silt or clay. Among woven geotextiles,
it would be better to avoid slit-film geotextiles, due to their low permeability values,
which can adversely affect the recharge of groundwater.
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Table 2 Mean values of wide-width tensile test results of woven and non-woven geotextiles

Type of geotextile Tensile strength (kg) Elongation (%)
MD CMD MD CMD
Woven Slit-film 93.44 108.86 |20 12
Combination 156.04 156.49 |16 15
Non-woven Needle punched 35.83 47.17 |53 44
Heat bonded 24.49 2540 |63 58

4MD—machine direction, CMD—cross-machine direction

4 Characteristics of Coir Geotextiles

Coir geotextile is a natural alternative to the geosynthetic materials that are being used
in pavement construction. Coir fiber has been successfully tested for the engineering
properties of separation, filtration, reinforcement and drainage by many researchers.

Studies have been conducted to establish the reinforcement and soil stabilization
characteristics of coir by [15-17]. The characteristics of coir have been found to
be comparable to the performance of geosynthetic materials as far as reinforcement
is concerned. Coir has been found to have the highest tensile strength among other
natural fibers like cotton, jute and sisal. Its ability to retain strength after installation
is much higher than the other natural alternatives. Coir geotextiles are today widely
used for strengthening embankments, roads and even the soil below the foundations.

Various studies have been conducted to study the durability of coir geotextile used
for reinforcement purposes. In an experimental study conducted by [18], where coir
geotextile was used to stabilize the banks of a village pond, it was examined that coir
retained 19% of the strength of a fresh sample after 9 months. Another important
point that discussed was the reduction in nutrient loss observed in the soil that has
been treated with coir geotextile and compared to soil that was not. This had been
attributed to the nutrients being made available to the soil on biodegradation of the
coir itself.

The ability of coir geotextile to retain moisture content was established by [19].
The coir geotextile was used in the study as an alternative to providing bench terraces
to stabilize slopes for cultivation. It was found that the coir not only stabilized the
slopes, but was also the source of high moisture retention, which increased the mois-
ture availability in the soil. The study also observed that the higher percentage of
volumetric moisture content in the plots treated with coir geotextiles may be due to
the mesh opening in them which provides a large number of porous check dams in the
soil, leading to the sediment settling and water passing through the matting. It was
claimed by [20] that the longevity of geotextiles depended on their material compo-
sition and natural geotextiles last for 2—4 years. Its high strength can be attributed to
its high lignin content which also makes it resilient and durable.

Coir fiber modified with hydrogen peroxide was found to act as an adsorbent of
heavy metal ions like Ni, Zn and Fe from their aqueous solutions by [21].
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The strength characteristics of coir geotextiles were discussed by many
researchers. According to [22], the maximum values of tensile strength of different
varieties of coir tested ranged up to 30 kN/m and tensile strain at failure ranged upto
40%. These characteristics are comparable to available high strength geosynthetic
products in the market.

4.1 Possibilities of Using Coir in Permeable Pavements

There have not been any studies to describe the pros and cons of using natural geotex-
tiles in the context of permeable pavements. Strength characteristics of coir have been
widely studied, leading to the use of these abundantly available natural geotextiles
as reinforcement in paved and unpaved roads. However, natural geotextiles like coir
when used for reinforcement are intended only till the time a vegetative cover can
replace it and hold the soil together.

Unlike unpaved roads or unstable slopes, the property of strength is not that
important in the case of a geotextile layer inserted in a permeable pavement, as it is
intended mainly for the purpose of separation.

The ability of coir to showcase higher strength compared to other geotextiles in the
wet condition and its ability to degrade into nutrients in the soil will be able to augment
the quality and quantity of groundwater recharge. The filtration characteristics of
coir have also been reported to be of engineering significance by many researchers.
The possibility of modified coir being able to adsorb heavy metals also cannot be
overlooked.

The durability of coir is one of the problems pointed out by the researchers.
However, the effect of the fiber when subjected to an environment like a permeable
pavement that gets affected by temperature and pH not similar to soil will require
extensive experimental study. Hence, coir which has exhibited certain promising
characteristics should definitely be studied as a sustainable alternative to other
geosynthetic materials to be used as part of the permeable pavement structure.

5 Conclusions

Permeable pavements have been an acceptable solution for groundwater recharge
across the globe. Even though the amount of recharge is found to be largely affected by
clogging as the time progresses, it is still found to be effective. In addition to quantity,
the quality of the infiltrated water too can be improved by the use of geotextile
layer in the pavements. However, except for its tensile strength, a lot of studies
have not been conducted to examine the performance of the geotextile layer of the
permeable pavement. Even, geotextile functions like filtration and drainage have not
been examined by many researchers.
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Coir geotextiles, a product obtained from coconut husk, that are abundantly avail-

able in tropical countries like India, have been extensively studied and used as rein-
forcement in pavements and unstable slopes. To extend their use into the structure of
permeable pavements, their properties of filtration, pollutant removal and drainage
should be studied in detail by means of extensive experimentation. If it is found to
be successful, then it would boost the possibilities of groundwater recharge and also
promote the use of sustainable materials.
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Assessment of Effect of Filler )
in the Properties of Cement Grout L

A. B. Kavya and S. R. Soorya

Abstract The scarcity of land for construction purposes nowadays demands the
use of economical techniques such as grouting for strengthening the available soils
especially loose sandy soils. Conventional material adopted for suspension grouting
is OPC which is not much cost-effective. So the use of certain additives as partial
replacement to cement is gaining more importance. Therefore, the present study
focuses on the use of metakaolin as a partial replacement to cement as it is a good
pozzolanic material. Here metakaolin is added at about 10% by dry weight of cement.
The properties of the grout such as viscosity and bleeding are studied for different
water—binder ratios of 9:1, 8:2, and 7:3. Also, one of the most important properties of
the grout to give maximum grouted volume with minimal weight without disturbing
the soil skeleton is evaluated. The results indicated that the addition of metakaolin
improved the viscosity and reduced the bleeding of the grout. The best result was
obtained for water—binder ratio 8:2. The grouted zone volume also showed an increase
with 10% metakaolin addition. Thus, the effectiveness of grout was found to be more
at water—binder ratio of 8:2. Based on these results, metakaolin modified cement grout
can be studied in future for its ability to impart strength and improve the permeability
characteristics of sandy soils.

Keywords Grouting - Metakaolin - Viscosity * Portland pozzolanic cement

1 Introduction

The constructional activities in the coastal belt of our country often demand deep
foundations because of the poor engineering properties and the related problem
arising from weak soil at shallow depths. The very low shearing resistance of the
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foundation bed causes local as well as punching shear failure. Hence, the structures
built on these soils may suffer from excessive settlements. Strengthening of these
loose sandy soils at shallow depth through economical techniques such as grouting
is a possible solution. Grouting often has to serve the primary purpose of filling the
voids or replacing the existing fluids in voids with a view to improve engineering
properties of the grouted medium.

Commonly adopted grouting material is cement as it offers improved properties
for a sand medium. The use of various additives along with cement proves to improve
the efficiency of cement grout. Hwang et al. [1] investigated the applicability of
bentonite suspensions treated with sodium pyrophosphate as permeation grout by
measuring the yield stress and viscosity. Dayakar et al. [2] studied the effect of
permeation grouting using cement grout in sandy soil with different water—cement
ratios. Improvement in bearing capacity of the sample was studied by conducting
plate load test after 3 and 7 days curing. For best result for the grouting process, the
selection of grout must be more suitable to the problem in the terms of viscosity,
setting time, strength, but the method of how to distribute grout in the soil is also an
important factor and it is necessary to make a correct choice of equipment of grouting,
distance between grout holes, length of injection passes, a number of grouting phases,
grouting pressure, and pumping rate.

Ozgurel and Vipulanandan [3] conducted experiments on different gradations of
sand which were grouted using acrylamide chemical grout in order to investigate the
effect of grain size distribution of sand on the mechanical properties and permeability
of grouted sand. He observed that groutability was greatly influenced by the fines
content. Sometimes grouts with Portland cement need adding small amounts of
additives, which are used for specific purposes such as increasing fluidity, retarding
sedimentation, and controlling the set time. Penetrability of suspended solids grouts
will be limited by the ratio of opening size to grain size, which must be three or
more for successful grouting process, [4]. Fillers materials with cement grout are
used primarily for economic reasons as a replacement material where substantial
quantities of grout are required to fill large cavities in rock or in soil (trenches,
cavities, to stem boreholes, shafts, and tunnels). Almost any solid substance that is
pumpable is suitable as the filler in grout to be used in non-permanent work. For
permanent work, cement replacements should be restricted to mineral fillers. Water—
binder ratio is one of the important parameters of a grout mix. When the value of
water—binder ratio is very low, it affects the properties of grout such as reducing
bleeding, decrease in workability, improving strength, and durability [5].
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Table 1 Properties of sand

Properties Value
Specific gravity 2.64
Effective size D1g, mm 0.3
Uniformity coefficient, Cu 1.53
Coefficient of curvature, Cc 0.992
Coefficient of permeability, k (m/s) 4.25 x 107
Void ratio, e 0.504
Bulk density, (kg/m?) 1627
Porosity, n 0.335
Angle of internal friction, ¢ (deg) 39.11
Cohesion (kPa) 0.2
Classification (IS) SP

2 Materials

2.1 Sand

The sand used in this study is collected locally from Neyyatinkara, Thiruvanantha-
puram District. The properties of the soil are shown in Table 1.

2.2 Cement

Portland pozzolanic cement of grade 33 conforming to IS 1498 is used for preparing
grout. It was collected from a local supplier. Table 2 shows the properties of cement

used.

Table 2 Properties of cement

Properties Value
Grade 33
Fineness (%) 6.5
Standard consistency (%) 28
Initial setting time (min) 85
Final setting time (min) 420
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2.3 Metakaolin

Metakaolin used for the study was collected from English India Clay Ltd., Veli.
It typically contains SiO, and Al,Os, but other oxides present in small amounts
include Fe, 03, TiO,, CaO, and MgO. Metakaolin particles are generally one-half to
five microns in diameter, an order of magnitude smaller than cement grains. Due to
the controlled nature of the processing, metakaolin powders are very consistent in
appearance and performance. Table 3 shows the properties of metakaolin used.

3 Methodology

The grout was prepared using cement with and without metakaolin additive. The
metakaolin was added at 10% by dry weight of cement. The study was carried out
in three different water—binder ratios of 9:1, 8:2, and 7:3.

A Marsh funnel test conforming to IS 14343:1996 was conducted to determine
viscosity. The result to the nearest second is the Marsh funnel viscosity. For grout slur-
ries, the Marsh funnel viscosity has a good relationship with viscosity in centipoise
determined by a rotational viscometer. The relationship is nearly straight line in the
range of 30—40 s. The test setup is shown in Fig. 1.

Bleeding test was carried out for the prepared grout as per ASTM-C940. The
readings were recorded at 15 min interval for first 60 min, and thereafter at hourly
intervals, until no further bleeding is observed. According to ASTM-C937, the test
should be discontinued after 3 h. At last, the bleed water is decanted and volume is
obtained. The bleeding of grout mix was obtained using the expression, where V|
is the volume of sample at the beginning of test (ml), V, is the volume of sample
at prescribed intervals (ml), and V, is the volume of grout portion of sample at
prescribed intervals (ml). Figure 2 shows the bleeding test setup.

Table 3 Properties of Metakaolin

Properties Value
Specific gravity 2.6
Liquid limit (%) 85
Plastic limit (%) 33
Plasticity index 52
Shrinkage limit (%) 21
Clay (%) 80
Silt (%) 12
Sand (%) 8
Classification CH
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Fig. 1 Viscosity test setup

Fig. 2 Bleeding test setup

To determine ability of grout to give maximum volume with minimal weight
without disturbing the soil skeleton and to check how these materials can fill the soil
voids, cylinder model test is carried out. A PVC cylinder of height 0.3 m and diameter
0.15 m are used for the test. The cylinder was filled to a depth of 0.25 m with loose
sand. The slurry was injected to depths 0.125 and 0.17 m for each water—cement
ratio with and without filler materials. The injection of slurry was carried out with
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Fig. 3 Cylinder model test
setup

a grouting set up without disturbing the soil skeleton. After one day of curing time,
the approximate dimensions of intact grouted mass were determined using water
displacement method. Grouting setup shown in Fig. 3 consists of a grout chamber
with air compressor, grouting nozzle, and a regulating valve.

4 Results and Discussions

4.1 Viscosity

The marsh funnel test conducted on the grout samples prepared indicates that the
addition of 10% metakaolin to cement showed a considerable value of viscosity
suitable for grouting a sand medium. Also with an increase in the water—binder
ratio, the viscosity value is found to decrease. Thus, the addition of 10% metakaolin
is found to produce more effective grout mix compared with slurry prepared with
cement alone. This is due to the increased fineness and plasticity characteristics of the
metakaolin particle compared to cement particles. Viscosity test results are shown in
Fig. 4.

4.2 Bleeding

The bleeding is found to be less for cement grout sample modified with 10%
metakaolin. Also with a decrease in water—binder ratio, bleeding is found to decrease.
This is due to the increased cement surface offered by the metakaolin added to the
cement. Moreover thinner grouts settle more rapidly, the addition of metakaolin to
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4.3 Cylinder Model Test

The test conducted indicated the effectiveness of 10% metakaolin added cement
grout in grouting more volume of sand. For cement grout without additive, at lower
water—binder ratio the volume of grouted zone obtained is more with the addition
of 10% metakaolin to cement grout found to increase the volume of grouted zone at
higher water—binder ratios. The variation with depth is also studied which suggested
that at a depth of 17 cm volume obtained is less compared to that at 12.5 cm for
water—binder ratio 7:3. For higher water—binder ratios, an inverse trend is observed.
Thus, grout slurry prepared with cement and 10% metakaolin at water—binder ratio
8:2 is much effective in grouting a sand medium at varying depths. This is due to the
increased surface area and fineness of metakaolin which enables the grout in filling
more voids. Figures 6, 7, and 8 illustrate the cylinder model test results.
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5

Conclusions

The test results showed that the addition of 10% metakaolin as a partial
replacement to cement will result in a more effective grout slurry.

The viscosity values for metakaolin modified grout were obtained in a range of
30-40 s which suggests it as a good grout. With an increase in the water—binder
ratio, the viscosity value is found to decrease.

Bleeding found to decrease with addition of metakaolin which is a reliable result.
More grouted zone volume was obtained for metakaolin modified grout than for
plain cement grout at the same water—binder ratios.

At higher water—binder ratios, more effective grouting is possible for greater
depths of 0.17 m.

The optimum water—binder ratio was observed as 8:2 for 10% metakaolin modified
cement grouts.
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High-Strength Geopolymer Mortar )
Cured at Ambient Temperature L

Job Thomas and N. J. Sabu

Abstract Addition of 12 percentage of OPC along with fly ash acts as the main
source of Si and Al for the geopolymerisation. It is seen that the inclusion of OPC
helps in geopolymerisation without heating. A mortar strength up to 105.5 MPa was
prepared in this study. A total of 81 mixed geopolymer mortar mixes was selected.
The molarity of NaOH, ratio of sodium silicate (Na2 SiO3) to sodium hydroxide
(NaOH), alkali-binder ratio and cement content were varied. The 7 and 28 days cube
compressive strength were determined. The strength prediction models developed in
this study are found to be in good agreement with the experimental data.

Keywords Compressive strength + Geopolymer - Ambient curing - Fly ash - OPC

1 Introduction

The increased demand of cement production leads to the excessive emission of carbon
dioxide and contributes serious environmental problems. Geopolymer mortar is a
potential construction material to be considered in future to minimise the environ-
mental damages. However, the use of conventional geopolymer mortar or concrete
can be considered only for the manufacture of precast elements because heat curing
is an essential treatment of its production process. Davidovits [1] introduced the
geopolymer, the binding material of which essentially consists of silica and alumina
in 1978. Geopolymerisation is taking place due to the activation of aluminosilicate by
alkali activators such as sodium hydroxide (NaOH) or potassium hydroxide (KOH)
and sodium silicate (Na, SiO3) or potassium silicate (K; SiO3). In construction
industry, the geopolymer binders can replace the traditional binders and can be used
for the production of structural elements [7].
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The use of geopolymer concrete in in-situ construction is limited because of
the difficulty in heat curing at sites. To mitigate this difficulty, addition of little
quantity of high reactive pozzolanic binder is suggested and practised [9]. Somna
et al. [14] studied the role of using ground fly ash in the alkaline environment for the
development of compressive strength of geopolymer. The use of mineral admixtures
such as silica fume, rice husk ash, metakaolin and blast furnace slag to avoid heat
curing of geopolymer was reported in the literatures [ 13]. In this study, small quantity
of ordinary Portland cement (OPC) is used to improve the properties of geopolymer
concrete. The aluminosilicate geopolymer gel formed along with the calcium silicate
hydrate (CSH) gel provides strength of the matrix [2, 3, 16]. Rashad [13] pointed out
that the geopolymerisation process can be enhanced by incorporating the materials
containing calcium oxide. The studies by Nath and Sarkar [10] indicated that addition
of little amount of Portland cement helps in the setting and hardening of geopolymer
concrete without heat curing. In this study, OPC included geopolymer mortar is
prepared and tested to evaluates the potential of using it in on-site construction
application.

There are three main stages in the geopolymerisation process, namely dissolution
of oxide minerals from the source material under highly alkaline condition, trans-
portation of dissolved oxide minerals followed by coagulation, polycondensation to
form three-dimensional network of silicoaluminate structures. Fly ash is the source
material from which silica and alumina are utilised for the polymerisation process.

2 Experimental Programme

The materials were tested, and the mix design is carried out.

2.1 Materials

Low calcium fly ash, cement, sodium hydroxide, sodium silicate, water and fine
aggregate were used. All materials were tested, and properties were determined. Low
calcium fly ash (Class F) conforming to IS 3812-1981 [6] and having specific gravity
of 1.98 was used. OPC 53-grade cement conforming to IS 12269-1987 [4] having
specific gravity of 3.10 was used. In this study, the OPC 53-grade cement is used as the
additive to avoid the heat curing and compressive strength of geopolymer concrete.
The laboratory grade (97%) flakes of sodium hydroxide and 52-grade sodium silicate
were used. Crushed granite fines having specific gravity of 2.62 and conforming zone
IT of IS 383-1970 [5] were used as fine aggregate.
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2.2 Details of Mix Proportion

Variables considered in this study are OPC content, molarity of sodium hydroxide,
ratio of sodium silicate-to-sodium hydroxide and alkali-binder ratio. Fly ash and
OPC together act as the binder in the geopolymer system. The OPC content 6, 9 and
12% by weight of total binders and the sodium hydroxide of molarity 8, 12 and 16 M
were used. The ratio of sodium silicate-to-sodium hydroxide was varied between 2.2
and 2.8, and the liquid alkaline activator to fly ash ratio of 0.40, 0.45 and 0.5 was
used.

The mix proportioning of mortar was carried out based on density method
proposed by Rangan [12] and Nath and Sarkar 2015 [10]. The target density of
fresh geopolymer mortar mix was 2200 kg/m?>. The weight of binder content of 33%
by weight was used in this mix design. The designation of sample is represented by
cement content/molarity of sodium hydroxide/sodium silicate-to-sodium hydroxide
ratio/alkali—binder ratio. For example, the designation 6/8/2.2/0.40 represents a mix
with molarity of 8, sodium silicate-to-hydroxide ratio of 2.2 and alkali-binder ratio
of 0.40. The designation and weight of the constituent materials are given in Table
1.

2.3 Preparation of Specimens

Initially, NaOH solid flakes were dissolved in water to get the required molarity
solution. The 1 M solution is prepared by mixing 40 g of NaOH solids in 1 L of
solution. The solution is allowed to cool to room temperature. The sodium hydroxide
solution is added to the required quantity of sodium silicate solution and stirred
thoroughly. This forms the alkali activator, which is allowed to cool for about 1 h
in water bath. The binder materials, namely fly ash and cement, mixed dry. The fine
aggregate is mixed with the binder. The alkali activator is mixed to the dry mixture
of binders and fine aggregate. The mixing operation is continued for 4 min to get
uniform colour and consistency. The fresh mix is shown in Fig. 1.

The fresh mix is placed in moulds and compacted. The specimens are demoulded
after 12 h of adding activator to binder and cured in ambient condition. The room
temperature was recorded and found to be between 25 and 34 °C.The relative
humidity in the room was found to be between 65 and 80%. The specimen after
curing was tested using 3000 kN digital compressive strength testing machine. The
six standard mortar cubes of 50 cm? were prepared for all the 81 mixes given in Table
1. Out of six cubes, three were tested on 7 days and remaining three were tested on
28 days. The specimens were cured in ambient laboratory conditions and are given
in Fig. 2.
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Table 1 Details of geopolymer mortar mix and test results

J. Thomas and N. J. Sabu

S1. | Designation | Weight of constituent materials in kg for cubic Cube compressive
No. | of mortar mix | metre of mortar strength in MPa at the
age of
Fly ash OPC | Sodium | Sodium | Fine 7 days 28 days
silicate | hydroxide | aggregate | (fc-74) (fe28d)
solution | solution
1 6/8/2.2/0.40 | 686 44 201 91 1178 349 62.3
2 | 6/8/2.2/045 | 686 44 226 103 1142 30.7 48.7
3 |6/8/2.2/0.50 | 686 44 | 246 114 1105 35.6 67.0
4 16/8/2.5/0.40 | 686 44 1209 83 1178 53.6 62.5
5 | 6/8/2.5/045 | 686 44 235 94 1142 435 76.1
6 | 6/8/2.5/0.50 | 686 44 | 261 104 1105 443 80.9
7 6/8/2.8/0.40 | 686 44 215 77 1178 54.6 88.1
8 |6/8/2.8/0.45 | 686 44 242 86 1142 50.4 87.0
9 6/8/2.8/0.50 | 686 44 267 96 1105 375 65.9
10 |6/12/2.2/0.40 | 686 44 201 91 1178 37.9 60.8
11 |6/12/2.2/0.45 | 686 44 226 103 1142 44.8 67.0
12 | 6/12/2.2/0.50 | 686 44 | 246 114 1105 38.7 66.0
13 | 6/12/2.5/0.40 | 686 44 1209 83 1178 60.4 86.5
14 |6/12/2.5/0.45 | 686 44 1235 94 1142 51.8 88.2
15 |6/12/2.5/0.50 | 686 44 | 261 104 1105 522 82.8
16 |6/12/2.8/0.40 | 686 44 | 215 77 1178 54.4 76.9
17 |6/12/2.8/0.45 | 686 44 242 86 1142 54.0 105.5
18 |6/12/2.8/0.50 | 686 44 267 96 1105 46.6 92.4
19 |6/16/2.2/0.40 | 686 44 201 91 1178 45.8 79.9
20 |6/16/2.2/0.45 | 686 44 | 226 103 1142 46.0 86.9
21 |6/16/2.2/0.50 |686 44 | 246 114 1105 40.1 74.2
22 | 6/16/2.5/0.40 | 686 44 1209 83 1178 56.8 84.9
23 | 6/16/2.5/0.45 | 686 44 235 94 1142 47.5 93.5
24 | 6/16/2.5/0.50 | 686 44 261 104 1105 48.2 91.2
25 |6/16/2.8/0.40 | 686 44 215 77 1178 54.0 95.8
26 |6/16/2.8/0.45 | 686 44 | 242 86 1142 48.6 60.8
27 | 6/16/2.8/0.50 | 686 44 | 267 96 1105 452 48.0
28 | 9/8/2.2/0.40 | 664 66 |201 91 1178 50.2 61.5
29 |9/8/2.2/045 | 664 66 | 226 103 1142 53.4 69.3
30 |9/8/2.2/0.50 | 664 66 |246 114 1105 54.1 60.9
31 |9/8/2.5/0.40 | 664 66 | 209 83 1178 55.1 76.5
32 |9/8/2.5/0.45 | 664 66 |235 94 1142 52.1 84.5
33 |9/8/2.5/0.50 | 664 66 | 261 104 1105 48.0 90.1
(continued)
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Table 1 (continued)
S1. | Designation | Weight of constituent materials in kg for cubic Cube compressive
No. | of mortar mix | metre of mortar strength in MPa at the
age of
Fly ash OPC | Sodium | Sodium | Fine 7 days 28 days
silicate | hydroxide | aggregate | (fc-74) (fe28d)
solution | solution
34 19/8/2.8/0.40 | 664 66 |215 77 1178 51.6 82.7
35 |9/8/2.8/0.45 | 664 66 | 242 86 1142 58.4 74.5
36 |9/8/2.8/0.50 | 664 66 | 267 96 1105 51.7 69.1
37 | 9/12/2.2/0.40 | 664 66 |201 91 1178 47.7 60.7
38 | 9/12/2.2/0.45 | 664 66 | 226 103 1142 514 76.1
39 19/12/2.2/0.50 | 664 66 | 246 114 1105 44.6 71.9
40 |9/12/2.5/0.40 | 664 66 | 209 83 1178 59.6 96.4
41 |9/12/2.5/0.45 | 664 66 |235 94 1142 42.8 86.4
42 19/12/2.5/0.50 | 664 66 |261 104 1105 58.5 82.3
43 19/12/2.8/0.40 | 664 66 |215 77 1178 56.4 84.5
44 19/12/2.8/0.45 | 664 66 | 242 86 1142 54.0 97.1
45 19/12/2.8/0.50 | 664 66 | 267 96 1105 49.8 82.8
46 19/16/2.2/0.40 | 664 66 | 201 91 1178 56.4 58.9
47 19/16/2.2/0.45 | 664 66 | 226 103 1142 55.1 81.1
48 19/16/2.2/0.50 | 664 66 | 246 114 1105 442 84.2
49 19/16/2.5/0.40 | 664 66 | 209 83 1178 56.4 78.9
50 |9/16/2.5/0.45 | 664 66 |235 94 1142 49.8 99.8
51 | 9/16/2.5/0.50 | 664 66 | 261 104 1105 452 89.2
52 | 9/16/2.8/0.40 | 664 66 |215 77 1178 54.0 95.8
53 | 9/16/2.8/0.45 | 664 66 |242 86 1142 48.6 60.8
54 1 9/16/2.8/0.50 | 664 66 | 267 96 1105 45.1 48.0
55 | 12/8/2.2/0.40 | 642 88 [201 91 1178 48.4 62.4
56 | 12/8/2.2/0.45 | 642 88 226 103 1142 51.2 66.3
57 | 12/8/2.2/0.50 | 642 88 |246 114 1105 455 73.34
58 |12/8/2.5/0.40 |642 88 209 83 1178 66.7 79.8
59 |12/8/2.5/0.45 |642 88 [235 94 1142 48.3 50.2
60 | 12/8/2.5/0.50 | 642 88 |261 104 1105 48.8 61.1
61 | 12/8/2.8/0.40 | 642 88 |215 77 1178 64.4 75.8
62 | 12/8/2.8/0.45 | 642 88 [242 86 1142 69.6 89.3
63 | 12/8/2.8/0.50 | 642 88 |267 96 1105 66.8 85.1
64 | 12/12/2.2/0.40 | 642 88 |201 91 1178 73.2 95.1
65 | 12/12/2.2/0.45 | 642 88 226 103 1142 52.9 86.8
(continued)
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Table 1 (continued)
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S1. | Designation | Weight of constituent materials in kg for cubic Cube compressive
No. | of mortar mix | metre of mortar strength in MPa at the
age of
Fly ash OPC | Sodium | Sodium | Fine 7 days 28 days
silicate | hydroxide | aggregate | (fc-74) (fe28d)
solution | solution
66 | 12/12/2.2/0.50 | 642 88 |246 114 1105 63.3 93.9
67 | 12/12/2.5/0.40 | 642 88 209 83 1178 38.0 39.1
68 | 12/12/2.5/0.45 | 642 88 |235 94 1142 64.7 86.2
69 | 12/12/2.5/0.50 | 642 88 |261 104 1105 54.7 64.4
70 | 12/12/2.8/0.40 | 642 88 |215 77 1178 63.6 84.6
71 | 12/12/2.8/0.45 | 642 88 [242 86 1142 66.9 67.8
72 | 12/12/2.8/0.50 | 642 88 |207 96 1105 67.6 74.2
73 | 12/16/2.2/0.40 | 642 88 |201 91 1178 74.9 92.9
74 | 12/16/2.2/0.45 | 642 88 226 103 1142 74.3 90.3
75 | 12/16/2.2/0.50 | 642 88 |246 114 1105 71.1 73.4
76 | 12/16/2.5/0.40 | 642 88 |209 83 1178 65.0 105.1
77 | 12/16/2.5/0.45 | 642 88 235 94 1142 65.6 104.2
78 | 12/16/2.5/0.50 | 642 88 |26l 104 1105 65.2 71.7
79 | 12/16/2.8/0.40 | 642 88 |215 77 1178 55.1 69.7
80 |12/16/2.8/0.45 | 642 88 [242 86 1142 76.4 76.8
81 |12/16/2.8/0.50 | 642 88 |267 96 1105 58.7 79.1

Fig. 1 Appearance of fresh
OPC included geopolymer

mortar

3 Results and Discussions

The compressive strength of geopolymer mortar was determined on 7 and 28 days
by laboratory test and is given in Table 1. The values given in Table 1 are the average
of 3 cubes. The 7 days strength of geopolymer mortar was found to be between 30.7
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Fig. 2 Ambient air curing of the specimens

and 76.4 MPa, and similarly, the 28 days strength was found to be between 39.1 and
105.5 MPa. This indicates that high-strength geopolymer mortar can be prepared
with the addition of small quantity of OPC in conventional geopolymer mixture.
The addition of calcium will significantly accelerate the setting and hardening of
geopolymerisation slurries [8, 15]. It may be due to the precipitation of Ca(OH), or
calcium silicate hydrates, which triggers the geopolymer gel formation. Moreover,
instead of heat curing which was used for conventional geopolymer concrete, ambient
exposure curing is suggested for OPC included geopolymer concrete. Hence, it is
expected that the OPC included geopolymer mortar is a viable composite material
for in-situ construction. All specimens failed in shear, and a typical failure pattern is
shown in Fig. 3.

The conical failure may be the interaction between frictional force mobilised at
the specimen surface due to the platen of testing machine and lateral bulging force
developed in the specimen. This is a typical failure pattern in ordinary concrete
specimen, which indicates that the force transfer and redistribution in OPC included
geopolymer mortar as similar to that of conventional concrete.

Fig. 3 Typical failure pattern in mortar cube specimen
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4 Proposed Strength Prediction Models

Multiple regression analysis is used for developing a prediction model for the
compressive strength of OPC included geopolymer mortar. The cement content (C),
molar concentration (M), SS/SH ratio (S) and alkali-binder ratio (B) are considered
as independent variable. The correlation coefficient is determined for C, M, S and B
using the multiple regression analysis of the test data. The prediction models for 7
and 28 days compressive strength of mortar are given in Egs. (1) and (2), respectively.

fo _7¢ =22.40+2.49C +0.57TM + 8.495 — 43.56B (1)

fo — 284 = 53.87 4+ 0.12C + 1.04M +9.07S — 27.71B 2)

5 Comparison of Prediction with Experiment Data

The predicted strength of OPC included geopolymer mortar is compared with the
corresponding experimental data given in Fig. 4. The deviation of predicted strength
was found to be £20% of experimental data of test results when compared to
predicted results. A few of samples showed the some deviation from the above
range. It may be due to the mixing process, compaction, etc., in the laboratory. The
predicted strength is found to be comparable with the experimental data.

The test result data subjected to a comparison between predicted and experimental
values is summarised in Table 2. It may be noted that the predicted strength is found
to be in good agreement with the corresponding experimental data. The variation
in the average predicted strength when compared to experimental data for the study
by Nath and Sarkar [10] can be attributed to the variation in the chemical content
of the constituents, ambient temperature, humidity conditions and machineries used
for the preparation and testing speed. The proposed model predicted the test results
of Saengsuree et al. [11] quite accurately.

The variation of the predicted compressive strength on 7 and 28 day is given
in Figs. 5 and 6, respectively. The predicted 7d compressive strength was found to
vary from 38 to 68 MPa. When the cement content is 6% and molarity of sodium
hydroxide is 8, the predicted compressive strength was found to vary between 38 and
49 MPa. Similarly, when the cement content is 6% and molarity of sodium hydroxide
is 8, the predicted compressive strength was found to vary between 58 and 68 MPa.

The predicted strength is found to be increasing with increase in the cement
content (C) and molarity of sodium hydroxide (M). Similarly, the predicted strength
increases with increase in the ratio of sodium silicate to sodium hydroxide (S). The
predicted strength decreases with increase in the alkali—binder ratio (B). The 28-day
strength predicted is higher than that of the 7-day strength.
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Fig. 4 Comparison of prediction with experimental data of the present study. a f ¢.74, b f ¢-284

6 Conclusion

In this investigation, an attempt was made to study the potential of using OPC
included geopolymer mortar. The compressive strength at 7 and 28 days was deter-
mined after curing in ambient condition. The following conclusions are arrived at

based on this study.

By inclusion of a small percentage OPC to the conventional geopolymer mortar,
28-d compressive strength of 39—105 MPa was achieved.

The heat curing can be completely avoided by inclusion of small quantity of OPC
combined in geopolymer mix.

The side face demoulding of specimens can be allowed at the age of 1 day for the
case of OPC included geopolymer.

The mortar produced by low calcium fly ash and alkali activator with the inclusion

of a small amount OPC can provide a feasible alternative to products produced
by Portland cement. The prediction model of compressive strength of geopolymer
mortar developed in this study can be used for ascertaining the strength capacity of
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Fig. 5 Variation of
predicted 7-day compressive
strength (f ¢.74)
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Fig. 6 Variation of
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the geopolymer mortar. The advantage of the OPC blended geopolymer mortar is
that no water curing is required and strength of the mixture is as high as100 MPa. It
is expected that the OPC included geopolymer mortar is a future material for repair
works.

References

12.

13.

14.

15.

16.

. Davidovits, J. (1994). Properties of geopolymer cements. Paper presented at the First Interna-

tional Conference on Alkaline Cements and Concretes, Kiev State Technical University, Kiev,
Ukraine.

Dombrowski, K., Buchwald, A., & Weil, M. (2007). The influence of calcium content on the
structure and thermal performance of fly ash based geopolymers. Journal of Materials Science,
42(9), 3033-3043.

Granizo. M. L., Alonso, S., Blanco-Varela. M. T., & Palomo A. (2002). Alkaline activation of
metakaolin effect of calcium hydroxide in the products of reaction. Journal of the American
Ceramic Society, 85, 225-231.

IS 12269-1987. Specification for 53 grade ordinary port land cement. New Delhi: Bureau of
Indian Standards.

IS 383-1970. Specification for coarse and fine aggregates from natural sources for concrete.
sNew Delhi: Bureau of Indian Standards.

IS 3812-1981. Specification for fly ash for use as pozzolana and admixture. New Delhi: Bureau
of Indian Standards.

Ken, P. W., Raml, M., & Ban, C. C. (2015). An overview on the influence of various factors on
the properties of geopolymer concrete derived from industrial by-products. Construction and
Building Materials, 77, 370-395.

Lee, W. K. W., & van Deventer, J. S. J. (2002). The effect of ionic contaminants on the early-
age properties of alkali-activated fly ash-based cements. Cement and Concrete Research, 32(4),
577-584.

Nath, P., & Sarker, P. K. (2014). Effect of GGBFS on setting, workability and early strength
properties of fly ash geopolymer concrete cured in ambient condition. Construction and
Building Materials, 66, 163—171.

Nath, P., & Sarker, P. K. (2015). Use of OPC to improve setting and early strength properties
of low calcium fly ash geopolymer concrete cured at room temperature. Construction and
Building Materials, 55, 205-214.

. Saengsuree, P., Tanakorn, P.-N., Sata, V., & Chindaprasirt, P. (2014). Influence of curing condi-

tions on properties of high calcium fly ash geopolymer containing Portland cement as additive.
Materials and Design, 53, 1906-1910.

Rangan, B. V. (2008). Fly ash-based geopolymer concrete. Research report GC 4, Perth,
Australia: Curtin University of technology.

Rashad, A. (2014). A comprehensive overview about the influence of different admixtures and
additives on the properties of alkali-activated fly ash. Materials and Design, 53, 1005-1025.
Somna, K., Jaturapitakkul, C., Kajitvichyanukul, P., & Chindaprasirt, P. (2011). NaOH-
activated ground fly ash geopolymer cured at ambient temperature. Fuel, 90(6), 2118-2124.
Somna, K., & Bumrongjaroen. W. (2011). Effect of external and internal calcium in fly ash on
geopolymer formation. In Proceedings of 35th International Conference on Advanced Ceramics
and Composites, Daytona Beach, Florida, January.

Yip, C. K., Lukey, G. C., Provis, J. L., & van Deventer, J. S. J. (2008). Effect of calcium silicate
sources on geopolymerization. Cement and Concrete Research, 38, 554-564.

www.TechnicalBooksPDF.com



Development of High Strength m
Lightweight Coconut Shell Aggregate L
Concrete

A. Sujatha and Deepa Balakrishnan

Abstract Coconut shell is an agricultural solid waste originating from the coconut
industry. Coconut shell is used for many useful purposes but most of the coconut shell
wastes are yet to be utilized commercially. Since coconut shells have the potential
to be used as coarse aggregate in concrete, utilizing this waste in the construction
industry not only reduces the solid waste management problems associated with it but
also will be a valuable contribution to the industry as an eco-friendly construction
material. In this investigation, coconut shell was used for the production of high
strength lightweight concrete. The dry density and cube compressive strengths were
measured. Coconut shell aggregate concrete of compressive strength 35.09 N/mm?
and dry density 1913 kg/m?® was produced. These are in the range of high strength
lightweight aggregate concrete.

Keywords Lightweight aggregate - Coconut shell - High strength lightweight
concrete

1 Introduction

Concrete made with natural aggregate has a low strength—weight ratio compared
to steel. Hence, there is an economic disadvantage when we use this concrete for
designing structural members for tall buildings, long span bridges and floating struc-
tures [1]. Main solution for this problem is the usage of high strength lightweight
concrete. High strength low density concrete has strength levels in the range of
34-69 MPa, and its air dry density should not exceed 2000 kg/m? [2] Most popular
method for the production of lightweight concrete(LWC) is to use lightweight aggre-
gate [3]. In most of the cases, the lightweight concrete has been made using a
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lightweight coarse aggregate and a normal weight fine aggregate [4]. Industrial wastes
as well as other natural materials are used for the production of lightweight aggre-
gate but their continuous extraction leads to depletion of their sources. These include
aggregates prepared by expanding, pelletizing or sintering products such as blast
furnace slag, clay, fly ash, shale, or slate and aggregates prepared by processing
natural materials such as pumice, scoria or tuff [5]. Artificial aggregates such as
expanded clay and shale are the most suitable lightweight aggregates for production
of good-quality LWC [1] but these types of aggregates are produced through very
high heat treatment process which results in high fuel costs [6]. Hence, it is neces-
sary to find alternative sources for lightweight aggregate. In this context, agricultural
wastes such as oil palm shell and coconut shell may be used for the production of
lightweight aggregate concrete.

Coconut shell (CS) is a waste product from the agricultural industry and is avail-
able in plenty throughout the tropical regions of the world. India is the third-largest
producer of coconut in the world (Fig. 1) [7]. Coconut shells are used for many
purposes in different forms like powder, charcoal and activated carbon (Fig. 2.). (But
most of the coconut shell wastes are yet to be utilized commercially. In many coun-
tries, the waste coconut shells are subjected to burning which liberates CO, into the
atmosphere [8]. A solution to the challenges in coconut waste management may be
achieved by using coconut shell as aggregate in concrete.

Previous studies on coconut shells have proven that CS possess superior qualities
in terms of impact resistance, crushing strength and abrasion resistance compared to
other conventional aggregates [9]. CS is different from other agricultural wastes since
it contains high lignin and low cellulose. These properties results in high weather
resistance and less moisture absorption than other agricultural wastes [10]. Sugar
present in coconut shell is not in free form; hence, it could not affect the setting and
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Fig. 1 World coconut production in 2016 [7]
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Fig. 2 Coconut shell-based products [8]

strength attainment of concrete [10]. Hence, coconut shells can be used as coarse
aggregate for production of structural lightweight concrete [ 11-14]. Water absorption
of coconut shell aggregate concrete (CSAC) was more compared to other lightweight
concrete but these property can be improved by proper curing and seasoning of
coconut shells before using as aggregate [15]. Sorptivity of CSAC is comparable to
other LWC [15, 16]. Other durability properties such as rapid chloride penetration
and behaviour under elevated temperature were comparable to other LWC [15].

CSAC has been used in the production of non-structural elements such as non-
pressure pipe, flooring tiles, paver bocks and manhole cover slabs of specified strength
and durability. Although CS lightweight aggregate concrete has been successfully
produced in the past, the compressive strength was generally in the range of 20—
30 MPa. Not much has been reported on studies to develop high strength lightweight
concrete by using this agricultural solid waste. Oil palm shells and coconut shells
are similar in case of their properties such as bulk density and specific gravity [11].
Oil palm shells (OPS) are used for production of high strength lightweight concrete
(HSLWC) so that there is a scope to develop high strength lightweight concrete using
coconut shell aggregates [17]. So the main purpose of this study is to develop high
strength lightweight concrete using coconut shell as coarse aggregate.

2 Experimental Programme

2.1 Materials Used

2.1.1 Cement
Cement is the binding material, which binds the individual units of aggregates into

solid mass by virtue of its inherent properties of setting and hardening in combination
with water. OPC 53 grade cement was used for experimental study.
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2.1.2 Coconut Shell Aggregates

Coconut shells were collected from nearby oil mills. The shells were then soaked in
water for one week for seasoning as mentioned by Gunasekaran et al. [13]. Then the
hardened surface of coconut shell was cleaned to remove fibres, mud, etc. The coconut
shells were first crushed manually using hammer, and then they were crushed to
required size in coconut shell crushing machine. The coconut shell crushing machine
was specially fabricated for this purpose only (Fig. 3a). Coconut shells and crushed

A. Sujatha and Deepa Balakrishnan

coconut shells are shown in Fig. 3b, c. Properties of CS are given in Table 1.

Fig. 3 a Coconut shell crusher. b Coconut shells. ¢ Crushed coconut shells

(a)

Table 1 Properties of aggregates

L.
(c)

S. No. Test conducted Fine aggregate CS aggregate
1 Specific gravity 2.40 1.15

2 Bulk density (kg/m?) 1650 665

3 Fineness modulus 2.94 6.78

4 Maximum size (mm) 4.76 10
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2.1.3 M Sand

M sand was used as fine aggregate. Tests on fine aggregate were carried out as per
IS 2386-1963(Part I1I) to find the physical properties. Sieve analysis was conducted
to determine the fineness modulus and particle size distribution as given in Table 1.

2.1.4 Super Plasticizer

Polycarboxylate ether-based water reducing admixture cera hyperplastic XR-W40
was used as super plasticizer for the production of coconut shell aggregate concrete.
Super plasticizer used for the study was 1% of cement weight for all the mixes.

2.2 Mix Proportioning

No standard methods are available for mix design of CSAC since the coconut
shells are wood-like materials and different from natural aggregates. High strength
lightweight concrete with oil palm shells as coarse aggregate was developed by
Shafigh et al. [18]. The properties of oil palm shell and coconut shell are comparable
[13]. Hence, it is also possible to develop CS HSLWC. As a trial, the mix proportions
developed by Shafigh et al. [18] for HSLWC oil palm shell concrete were adopted for
the study. Different cement contents of 480, 520 and 550 (kg/m?) were considered.
Maximum size of CS aggregate used was 10 mm. Total 27 cubes, nine for each mix
were cast and tested (Fig. 4). Compressive strength as well as dry density at 3, 7 and
28 days were determined. The mix proportions used are given in Table 2.

Fig. 4 Specimens casting and testing
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Table 2 Mix proportions

Mix |Cement | Fine Coconut Water(W) | Mix ratio Average
©) aggregate | shell (CS) (kg/m3) (C:FA:CS:W) 28 day dry
(kg/m®) | (FA) (kg/m?) density

(kg/m3 ) (kg/m3)

M1 480 1050 295 182 1:2.18:0.62:0.38 1928

M2 520 858 364 197.6 1:1.65:0.7:0.38 1958

M3 550 950 273 234 1:1.72:0.496:0.425 | 1913

3 Results and Discussions

All the three mixes exhibited a good high workability. No segregation and bleeding
were occurred in any of the mixes. As per Shafigh et al. [18] by improving the
workability and compatibility of the mixture, the strength of the interfacial transition
zone tends to improve and thus improves the strength of the concrete.

The 28-day compressive strength of the CS aggregate concretes varies between
around 33 and 35 MPa. The dry densities of all three mixes were below 2000 kg/m?.
Maximum compressive strength of 35.09 MPa and average dry density of 1913 kg/m?
were obtained for M3 mix. High strength low density concrete has strength levels in
the range of 34—69 MPa, and its air dry density should not exceed 2000 kg/m?[2].
Hence, M3 mix can be designated as high strength lightweight concrete.

CS—cement ratios of mixes M1, M2 and M3 are 0.62, 0.70 and 0.496, respectively.
As per Geiver et al.[17], wood—cement ratio below 0.5 had an adverse effect on
strength of cement concrete composites, and this may be the reason that even with
increased cement content there was not much increase in strength of M3 as compared
to mixes M1 and M2. As mentioned by Gunasekaran et al. [13], wood—cement ratio
has strong influence on strength attainment of concrete [13]. Since coconut shells are
wood-like material, we should consider CS—cement ratio along with water—cement
ratio for further trial mix design of CS HSLWC.

Comparison of compressive strength variation with respect to age of CSAC mixes
and oil palm shell concrete (OPSC) mixes is shown in Figs. 5, 6 and 7. The strengths
of CSAC mixes were lower than that of OPSC mixes. This variation may be due
to many factors such as quality of materials used, environmental conditions and
biological properties of CS and OPS aggregates.

4 Conclusion

An attempt was done to develop high strength lightweight aggregate concrete by using
crushed coconut shells as coarse aggregate. From the study, following conclusions
were drawn.
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Fig.7 Comparison of strength variation with respect to age of CSAC (M3) and OPSC of same mix
ratio

Maximum 28-day compressive strength of 35.09 MPa and dry density of
1913 kg/m? were obtained for M3 mix. As per Hoff, G. C. (2002) high strength
low density concrete has strength levels in the range of 34 to 69 MPa, and its air
dry density should not exceed 2000 kg/m>. Hence, M3 mix is designated as high
strength lightweight concrete.

From the present study, it can be concluded that CS has the potential to be used
as lightweight aggregate for developing high strength lightweight concrete.
Further trial mixing has to be done to improve the strength of coconut shell
aggregate concrete by considering CS—cement ratio along with other factors.
High amount of cement content is essential for production of high strength
lightweight concrete. Hence, further studies considering mineral admixtures as
replacement for cement are recommended.
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Comparison of the Performance Between | m)
Concrete Filled and Stiffened LDSS i
Column

Divya Roy and Milu Mary Jacob

Abstract Stainless steel is employed in a wide range of structural applications such
as in bridges, storage tanks and reinforcing bars for concrete structures. Among the
various grades of stainless steel, austenitic grades are most popular in the construc-
tion industry which has nickel content 8—11%. Recently, a new form of a duplex
stainless steel is developed which is lean duplex stainless steel (LDSS), which has
a lower nickel content of about 1.5%. This grade has lower-cost, improved corro-
sion resistance and strength, enabling a reduction in section sizes leading to higher
strength to weight ratios. The particular grade used in this study is EN 1.4162, which
is generally less expensive than the austenitic counterpart but offers higher strength
and a reasonable corrosion resistance. In this study, the buckling performance of
different shaped (square, L, T, cross (+)) lean duplex stainless steel hollow stub
columns with stiffeners are investigated. Also performance of LDSS stub column
is compared with concrete filled stub column. A nonlinear static analysis of LDSS
stub column is studied using ANSYS workbench. In this project, it is found out that
buckling capacity increases by changing the section from square-T-L—cross shape.
It is also inferred that sections with stiffeners at the corners show better performance
than straight stiffeners.

Keywords Hollow stub column * Buckling load + LDSS - Finite element analysis *
Stiffeners + Nonlinear static analysis
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1 Introduction

1.1 General

The developments occurred in material processing, providing a range of stainless
steel which can overcome all the drawbacks of carbon steel such as low corrosion
resistance and higher material cost. The main advantages of stainless steel are higher
corrosion resistance, high ductility, high strength, impact resistance, smooth and
uniform surface, aesthetic appearances and ease of maintenance and construction
[1]. Depending on the corrosion resistance and alloy contents, the duplex stainless
steel grades can be classified into different type, lean duplex grade being one of them
[2]. This has led to the widespread use of LDSS in construction industry. In this
study, the performance of different shaped concrete filled lean duplex stainless steel
hollow short column and hollow short column with stiffeners is analysed. Studies
show that concrete confinement increases the compressive strength of the structure
[3]. The results for concrete filled LDSS column and hollow column with stiffeners
are compared. The selected shapes for analysis are square, L, T and + cross sections.
Columns with these kinds of cross sections can be used as corner columns in framed
structures. They als