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Abstract
Seismic excitations and other lateral dynamic distress cause the structure’s foundation to interact with the superstructure’s response. Consequently, the surplus stress distribution takes place. This disturbance in the lateral
stiffness of the system can cause un-satisfaction with the adopted code provisions. In the above scenario, soil
structure interaction of the Moment Resisting Frames (MRFs) becomes very crucial. This article deals with soil
stiffness on the long-span MRFs designed with two modern building codes, namely Saudi Building Code (based on
American Standards) and Eurocodes. High and medium ductility with parameter and spatial frame configurations
are considered in this study. Each frame is analysed considering the foundation stiffness, calculated based on FEMA
recommendations. Hence, a total of 18 cases are examined, conducting a modal response spectrum analysis. The
period, top displacements, reactions, and damageability criterion for the analyzed frames are compared. It is shown
that the consideration of SSI (Soil Structure Interaction) is paramount for frames with such spans, especially when
subjected to high seismic forces.

Keywords—Seismic codes, soil structure interaction, drift criteria, fundamental period, Saudi Building Code, Eurocodes,
moment resisting frames

F

1

Introduction

L

ateral forces induced from ground motion and
wind are the primary reasons for the building
vibrations. The mechanism that influences the mid
to high-rise structure’s vibration characteristics is the
dynamic Soil-Structure Interaction (SSI), governed by
the soil mechanical behaviour. When a structure is
subjected to seismic activity, it interacts with the
foundation and the soil and changes with the ground
motion. This phenomenon is called kinematic interaction and becomes essential when the foundation’s
stiffness is different from that of the ground. Kinematic
interaction substitutes and increases with the size of
the foundation. Rigid steel frames have a high fundamental period due to their flexibility. The situation
becomes worst in long spans when flexural governs the
design. Steel gives the possibility of a perimeter and
spatial framing system. When the perimeter framing
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.01
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

system is adopted, the drift limitations are difficult
to be fulfilled, especially with Eurocodes. Eurocodes
suggests three limits, namely L1 (0.01h approximately
equivalent to the SBC counterpart), L2 (0.0075h),
and L3 (0.005h, quite strict limits, used when brittle
materials are used for façade) [1][2].
Long span framing configuration is typical in the
United States, as generally, the bending effect governs
the frames. Since the exterior spatial frame’s contribution to vertical loads is smaller than the interior frame,
the outer frame contributes more to the lateral loading
due to the torsional effects. Such a pattern is typical
in Europe and Japan, with limited bay width, which
might be due to strict drift limit. The super-structure
mass transmits the inertial force to the soil, causing
further deformation in the ground, termed as inertial
interaction. This phenomenon is vital with increasing
mass and is always predominant than the kinematic
phenomenon unless it is a very rigid, extended plant
or underground structure.
Many researchers dealt with the analysis of structures considering the effect of soil on the structure in

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 1–10, JUL–DEC, 2020

earthquakes. For example, using Eurocodes, Minasidis
et. al. [3] designed 36 planar moment resisting steel
frames and examined under the action of 60 near-fault
pulse-like records to investigate the effects of SSI on
the nonlinear response of 2D steel frames. Mylonakis
and Gazetas [4] suggested that considering SSI is
beneficial for the response of the overall structure.
They showed that the indiscriminate use of ductility
concepts and geometric relations is erroneous in assessing seismic performance [4]. Eduardo provided a
brief history of SSI by summarising some of the leading
developments that paved the way for the state of art
known today. Furthermore, as the static foundation
stiffnesses are also widely used in engineering analyses
and code formulas for SSI effects, therefore, in [5], a
brief survey of stationary solutions is provided. Based
on dimensional response analysis, Karavasilis et. al.
[6] developed a procedure to estimate the maximum
inelastic roof displacement and interstory drift ratio
and the height of regular multi-story steel frames
subjected to pulse-like ground motions. Farouk et. al.
[7] modelled 2-bay frames with different rigidities using
a geotechnical finite-element program to examine the
effect of the frames’ rigidity on the contact stress and
the differential settlement.

2

2

Fig. 1: Typical floor plan using spatial and perimeter
MRFs configurations (dimensions are in meter)

Considered Cases

Previously, the authors have studied short-span low
and mid-rise steel frames to investigate the SSI for
loose granular soil using Saudi Building Code (SBC)
[8]. To explore the SSI for long-span frames using
SBC and Eurocodes, a nine-story square office building
measuring 45.75m × 45.75m is adopted in this study.
The building’s typical floor plan with the indication
of perimeter and spatial frames is shown in Figure
1, whereas the elevation in Figure 2. The external
columns are denoted as col1 and the inner columns as
col2 and col3. The columns are designed considering
five blocks. The ground floor is 5.49m in height. The
height of 3.96m is allocated to the rest of the stories
with a total height of 37.17m.
For design purposes, the building is first considered to be composed of moment-resisting frames as
the lateral load resisting system along the perimeter
(perimeter configuration). Then, it is considered as a
spatial system (external and internal one). The three
frame configurations, using two ductility classes (DCH
and DCM) of Eurocode and special moment-resisting
frame of SBC with and without SSI create a total of
18 cases (nine cases with SSI termed as SSI and nine
without SSI termed as NSSI (see Table 1).

Fig. 2: Frame elevation (dimensions are in meter))

In this research, a flexible foundation effect is
considered to check the influence of SSI on momentresisting frame performance. Based on FEMA 356 [10],
formulations for the spring constraints of the ground
surface are used. The values of static stiffness for
translation and rotations are shown in Table 3.
Madinah region of Saudi Arabia is an arid region,
and the chance of change in soil properties due to
variation in groundwater table is infrequent. GeotechCase EC3/
Case EC3/
Case With
No.
EC8
No.
EC8
No.
SBC
1
DCH-P*
4
DCM-P
7
SMF-P
2
DCH-ES**
5
DCM-ES 8
SMF-ES
3
DCH-IS*** 6
DCM-IS
9
SMF-IS
P*: Perimeter, ES**: External Spatial, IS***: Internal Spatial

TABLE 1: Analysed cases (SSI and NSSI)

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 1–10, JUL–DEC, 2020

Soil parameter
Unified Soil Classification
Average Unit weight (γ)
Average friction angle (φ)
Cohesion (c)
N̄ Up to 9−m depth
Vs
Shear Modulus
(G0 = ρ(Vso )2 )
ν
ASCE Classification
SDs
G at high strains

Values
Medium Plastic
Clayey Sand (SC)
17.26 kN/m3
38\degree
16.67 kPa
73.6
438.42 m/s [9]
338 MPa
0.25
C
0.7g
280.78 Mpa

TABLE 2: Geotechnical properties

Fig. 3: Standard penetration test results considered for
the evaluation of geotechnical Parameters

nical conditions of Madinah are studied in [11]. The
soil properties are selected based on the geo-technical
investigation report conducted to construct an academic block at the Islamic University of Madinah. Five
boreholes (BH) are used in field investigations. The
SPT-N values for the site up to expected depth of the
influence zone of foundations are shown in Figure 3
[12].
Displacement &
Direction
Horizontal translation
along x
Horizontal translation
along y
Vertical translation
along z
Rocking about x
Rocking about y
Rocking about z

Symbol

Static Stiffness
(N/mm)

Kx

1476100

Ky

1476100

Kz

1759554

Kxx
Kyy
Kzz

1.5E+12
1.5E+12
2.3E+12

TABLE 3: Static stiffness for translation and rotations

3

3

Frame Analysis

Vertical loads are calculated based on EC0 [13] and
EC1 [14]. The total structural and non-structural gravity load is 4.6 kN/m2 for the roof and 7.8 kN/m2 for
the floor, including an imposed load of 0.4 kN/m2 and
3.0 kN/m2 for the roof and typical floor, respectively.
The simple supported secondary beams using S-275
grade steel are spaced at 2.29m with an optimized
orientation in such a way so that the design is governed
equally by strength and deflection [15]. There are
HEB-220 for the roof and HEB-280 for the typical
floor. The COMFLOR-46 [16] flooring system is used
with A252-mesh, 145 mm thick concrete slab, and
0.9 mm corrugated steel sheeting acting as diaphragm
[17][18].
The perimeter beams and external spatial frames
in orthogonal directions are designed in the perspective of seismic conditions. All beams for internal spatial frames in EC3-EC8 [19] are designed for gravity
loads, whereas some beams for seismic conditions are
as per SBC. Since gravity loading governs beams’
design, the ductility class does not influence the dimension of beams. Furthermore, the period is quite
high; therefore, the target acceleration does not affect
the behaviour factor. Frames are designed as per EC8
with high (q = 6.5) and medium ductility (q = 4.0),
assuming type C soil (dense, cohesive soil, gravels),
Important class II (γI = 1.0), type 1 spectrum, and
0.25g PGA. An equivalent response spectrum for SBC
is adopted for the comparison having the same seismic
intensity, using importance factor 1.0. Soil type C
with Ss and S1 as 1.07g and 0.57g, respectively. For
Madinah Al Munawwarah region, the value of SS =
25.4 / 100g = 0.254g and S1 = 7.3/ 100 g = 0.073g give
rise to the values of SDS and SD1 as 0.2g and 0.083g
respectively, and therefore the seismic design category
from short and 1-sec period response accelerations is
B. Nevertheless, the adopted case belongs to a high
seismic zone to highlight the influence of SSI, and
for this reason, according to SBC, seismic category
D from SDS (0.713g) and SD1 (0.38g) with the
assumed site class is adopted in the present case. This
code limits the use of multi-story IMFs in seismic
category D up to 10m height; therefore, the design
considers only SMF (R=7) [20–22]. The analysis of
the dynamics of linear modal [23] is performed for
the seismic design of the frames. The duration of code
formulation is 1.3 sec, that is approximately 50% less
than the modal response spectrum analysis shown in
Figure 4. The lower period permits a conservative
design, which means higher design acceleration and
more significant inter-story drifts. When using SBC
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Figure 13). Fewer reactions are obtained for spatial
moment-resisting frames design using ductility class
high and medium using Eurocode and special momentresisting frame using Saudi Building Code (See Figure
8, Figure 9, Figure 11, Figure 12, Figure 14 and Figure
15).

4

Fig. 4: Fundamental periods for analysed frames with
SSI and NSSI

Fig. 5: Top storey displacements for analysed frames
with SSI and NSSI

code, the code formulation period is 1.3 sec, that is the
one obtained by modal analysis. In these conditions,
the code suggests that scaling factors for the design
forces and drift must be applied.
The top displacements for all the cases are shown
in Figure 5. A slight difference can be seen from the
obtained top-displacement among the analysed SSI
and N SSI cases due to the frames’ reduced stiffness
when the interaction is considered.
The obtained horizontal shear, vertical and overturning moment reactions for SSI and N SSI for all the
analysed cases are compared. Figure 6 shows the node
numbering both for the spatial frame and perimeter
frame.
Huge differences are observed between the overturning moment in perimeter frames, having ductility
class high and medium (see Figure 7, Figure 10, and

Deformability Criteria

MRFs’ high flexibility is the cause of high storey
drifts (inter-story deflections), which results in several issues such as undesirable damage to the facade
and other non-structural elements that can affect the
structural elements as well. Specific components, such
as facade elements and columns, are sized for vertical
loads. However, their details must also be checked
to confirm that they can withstand the deflections
imposed on them during the design earthquake. The
most common issue with the flexibility of moment
frames, particularly in tall buildings, is the design’s
governing by deflection rather than strength. It might
also lead to an inefficient use of material. Furthermore,
this can disturb the current building code’s capacity
design approach to dissipate the energy in a disciplined
manner. Damageability criteria must be checked and
compared with the code specified limits, principally
to limit damage to non-structural elements. SBC 301
sets the maximum drift for ordinary buildings between
1% and 2.0% of storey height, depending on the occupancy category. In comparison, Eurocode 8 specifies
between 0.5%, 0.75% and 1.0%. The ductility factor
“x” is used by which the deflections obtained from
an elastic analysis must be multiplied to allow for
plastic deformations. In Eurocode 8, x is taken as the
behaviour factor q, whereas, in SBC it is considered
as a factor Cd. In Eurocode 8, when the cladding
elements are rigidly attached to the structure, the SLS
storey drift is limited to 0.5% of storey height. Still, it
is 0.75% for rigidly attached ductile cladding. When
the cladding fixings can accommodate the structural
deformations, the drift limit rises to 1%. The Eurocode
8 drift limits are multiplied by 2, as the elastic spectrum is not reduced by 2. Instead, limits are increased
to compare the SBC, where the elastic spectrum is
already factored. The drift limit is, therefore, equal
to the drift limit 1 of Eurocode. The Eurocode 8
drift limits are very stringent, therefore it affects the
approach of capacity design, even after applying the
higher limit (0.01h) of EC8. Although the perimeter
frames in Case 1 (Figure 16) are designed with drift
limit L1 using Eurocode 8. This frame satisfies EC8
limit 1 for SSI and N SSI cases. Some stories meet
the drift limit 2 of the EC8, whereas drift limit 3 is not
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(a)

5

(b)

Fig. 6: Node numbering of the frames, (a) perimeter frame, and (b) spatial frame

Fig. 7: Case 1: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of PerimeterDCH designed with Eurocode

Fig. 8: Case 2: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of External
Spatial-DCH designed with Eurocode

Fig. 9: Case 3: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of Internal
Spatial-DCH designed with Eurocode
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Fig. 10: Case 4: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of
Perimeter-DCM designed with Eurocode

Fig. 11: Case 5: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of External
Spatial-DCM designed with Eurocode

Fig. 12: Case 6: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of Internal
Spatial-DCM designed with Eurocode

Fig. 13: Case 7: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of
Perimeter-SMF designed with SBC

Drift (Reduce the spectrum)
Drift (Limitation)

Reduce the Spectrum by 2.0
for I, II importance classes.
Reduce the Spectrum by by 2.5
for III &IV importance classes
0.005h, 0.0075h, and 0.01h

Reduction factor = (Cd/R =5.5/8=1.45)
for SMF and (4.5/4=1.125) for IMF
0.02h

TABLE 4: Drift limitations for SBC and Eurocode 8
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Fig. 14: Case 8: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of External
Spatial-SMF designed with SBC

Fig. 15: Case 9: Horizontal shear, vertical shear, and overturning moment reactions for SSI and NSSI of Internal
Spatial-SMF designed with SBC

Fig. 16: Case 1: Drift criteria for frames with SSI and
N SSI of perimeter-DCH designed with Eurocode

satisfying. External spatial frames design with DCH
(case 2, Figure 17) does not satisfy drift limit 2 for
a few stories. In contrast, drift limit 3 is not satisfied
with any of the storey. A similar result is obtained for
case 3 (Figure 18) as well, where the results obtained
for the internal spatial frame are shown. While dealing
with MRFs’ design with the medium ductility class
of Eurocode 8, the designed cases (4, 5 and 6) are
examined. It is noted that case 4, as shown in Figure 19
(perimeter configuration designed with DCM ) satisfy
the relax drift limit 0.01h of the code, and this is used
in the design also. The other limits are not used as

Fig. 17: Case 2: Drift criteria for frames with SSI
and N SSI of external spatial-DCH designed with
Eurocode

the capacity design will be disturbed by changing the
member profiles to improve the frame’s stiffness and
satisfy the drift limitations. Few stories meet drift limit
of 0.0075h, whereas the strict drift limit 0.005h of the
code cannot be satisfied by the code with SSI and
with N SSI. Quickly satisfaction of drift limit 2 of
Eurocode 8 can be seen for spatial frames, especially
for the interior one. These are less laterally loaded
than gravity loading. That is why few stories in case
5 (Figure 20) do not satisfy the drift limit 2, whereas
drift limit 3 cannot be met by most of the stories. A
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Fig. 18: Case 3: Drift criteria for frames with SSI
and N SSI of internal spatial-DCH designed with Eurocode

Fig. 20: Case 5: Drift criteria for frames with SSI
and N SSI of external spatial-DCM designed with
Eurocode

Fig. 19: Case 4: Drift criteria for frames with SSI and
N SSI of perimeter-DCM designed with Eurocode

Fig. 21: Case 6: Drift criteria for frames with SSI
and N SSI of internal spatial-DCM designed with
Eurocode

little better result is recorded for case 6 (Figure 21).
The last three cases (7, 8, and 9) shown in Figure 22,
Figure 23, and Figure 24, are related to MRFs’ design
using SBC 301. It is observed that the drift limit (the
code suggests only one limit) can be easily satisfied for
all the cases except for the perimeter frame where the
frame exceeds the drift at some stories with SSI.

5

•
•

•

Conclusion
•

•

For long-span frames, the stiffness is reduced with
the SSI consideration even when the G value is
relatively high.
A slight increase in the fundamental period for
all the analysed cases can be noticed for SSI and
N SSI. The frames with SSI have high fundamental periods as compared to their counterparts.

•

The top displacements are high for the frames
with the SSI
The inter-story drifts also increase with the consideration, which is alarming for long span or
deformable frames.
Therefore, with the SSI’s consideration, the
frame’s stiffness reduces, and accordingly, the
fundamental period and the inter-story drift increases.
Concerning the comparison codes, it is evident
that although frames are designed for limit 1 of
Eurocode; nevertheless, the increase in the drifts
are still in the range with SSI consideration.
However, the other two drift limits must be focused on those cases, and it will be challenging
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to satisfy the design criteria when considering
SSI. The SBC code drift limit is quite acceptable,
but SSI is regarded as the drift criteria is not
satisfying for case 7 (Perimeter-SMF).
Overall, the frames that are less loaded with
seismic excitation than the gravity loading, such
as spatial frames, perform well in the SSI cases.
However, when SSI is considered, frames with
high seismic loading compared to gravity loading,
such as perimeter frames, are more affected.

APPENDIX
Notations
Fig. 22: Case 7: Drift criteria for frames with SSI and
N SSI of perimeter-SMF designed with SBC

SSI
NSSI
MRFs
FEMA
DCH
DCM
SBC
SMF
EC0
EC1
q
ν
G
N̄
Ss
S1
SDS

Fig. 23: Case 8: Drift criteria for frames with SSI and
N SSI of external spatial-SMF designed with SBC

SD1
Vs
Drift limit 1
Drift limit 2
Drift limit 3
h

Soil-Structure Interaction
Non-Soil Structure Interaction
Moment Resisting Frames
Federal Emergency
Management Agency
Ductility Class High
Ductility Class Medium
Saudi Building Code
Special Moment
Resisting Frame
Eurocode 0
Eurocode 1
Behaviour Factor
Poisson’s Ratio
Shear Modulus
Average Field Standard
Penetration resistance
A short period (0.2 sec)
spectral acceleration
Long-period (1 sec)
spectral acceleration
Spectral response acceleration
at short periods
Spectral response acceleration
parameter at 1 second
Shear wave velocity
L1 (0.01h, equivalent to the
SBC counterpart)
L2 (0.0075h) and
L3 (0.005h, structures with
brittle cladding materials)
Interstorey height
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Abstract
Distributed Generation (DG) allocation in distribution network is an optimal choice in maximizing benefits and
reducing power losses. In this paper, self-adaptive differential evolution (SaDE), an optimization approach, is used
for optimal site and capacity of DG. Different types of DGs such as solar PV and wind turbine (WT) at constant
and near unity power factor are integrated into the distribution system. For validation of the proposed algorithm,
IEEE 33-bus, 69-bus and 119-bus radial distribution networks are considered. The results show that the proposed
algorithm has the ability to find global minimum value of objective function along with the appropriate site and
capacity of solar PV and WT type DG. Moreover, the results of proposed method are compared with other existing
techniques in order to show its effectiveness. The comparison shows that the proposed technique has the ability
to get the lowest power losses with the smallest DG size. Thus, the proposed technique has the ability to find an
optimal decision vector that makes it suitable for real-time applications.

Keywords—Differential Evolution, Distributed Generator, Radial Distribution Network, Power loss, Solar PV and Wind
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1

Introduction

D

istributed generation (DG) technology is getting importance because of the technological
revolution, regulatory environment and changing economic conditions. Various issues have been accountable for the use of DG in distribution network (RDN),
such as saving cost by the peak use of the capacity,
improvement in reliability, security and power quality,
use for local networks, support grid (DGs provide necessary support to the primary activities or operation
of grid), reduction in power losses, and environmental
concerns to decrease greenhouse gas emission. However, if the size and position of DG are not determined
appropriately in RDN, this may effect several counterproductive effects such as high financial cost, increase
in real power losses, variation in voltage profile along
the network, increase short circuit capacity, protection
issues, sudden transients in voltage [1][2]. Therefore, in
order to optimize these benefits and overcome counter
effects, optimal size of DGs along with optimal allocaISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.02
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

tion are extremely important. Thus, optimal allocation
of DG has been considered as a global issue both for
academic as well as industry sector.
Therefore, a plethora of research has been conducted
for the optimal DG allocation. Some of the notable
techniques using analytical approach to enhance profile of voltage and minimization of real power losses
considering different load models have been outlined in
[3][9]. As compared to single DG integration analytical
problem formulation, multiple DG allocation produced
further complexities. Recently, advanced computational intelligence (CI) leads to the development of
evolutionary techniques. In the literature, evolutionary
algorithms have been implemented successfully to find
the appropriate DGs allocation in radial networks.
These includes, Genetic algorithm (GA), Differential
Evolution (DE), Ant Colony Optimization (ACO),
Artificial Bee Colony (ABC) algorithms, to name a
few. Some notable techniques for the solution of DG
allocation problem using GA algorithm and PSO algorithm are reported in [10][13][14]. Furthermore, several
methods such as Comprehensive Teaching Learning
Cased Optimization (CTLBO) [15], hybrid ABC/ACO
[16], Success History Based Adaptive DE (SHADE)
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[17], Cuckoo Search Algorithm (CSA) [18], and Fire
Work Algorithm (FWA) [19] have been reported for
the solution of DG allocation problem considering
various standard IEEE test systems. In some metaheuristic approaches, proposed in [20][21][11], sensitivity indices are adapted to reduce the dimensions
of decision vector and hence the search space. These
indices sort the nodes in descending order with respect
to bus voltage and select the first few nodes equivalent
to the number of DGs for the placement of DG.
In this paper, an optimization approach (SaDE) is applied for finding the best site and appropriate capacity
of DG. Various standard RDNs, 33bus, 69-bus and
119-bus are considered for the injection of wind and
solar type of single and multiple DGs. Furthermore,
results of SaDE are compared with other approaches
to show its effectiveness.
The organization of rest of the paper is as follows.
Section II presents the problem formulation. Modelling
of wind and solar PV is mentioned in section III. The
proposed SaDE optimization method is discussed in
section IV. Some case studies are discussed in section
V. Section VI and Section VII present results and a
thorough discussion on them. Section VIII concludes
the paper.

2

Problem Formulation

Optimal site and capacity of DGs, namely Solar PV
and WT, are considered. The purpose of this study is
to reduce RPL along with enhancement in voltage profile. Load flow method, objective function, constraints
and proposed SaDE algorithm are presented in the
following sections.
2.1

Power Flow Problem Formulation

Gauss Seidel (GS) and Newton Raphson (NR) techniques are not appropriate for the calculation of voltage at each bus and its due small value of X/R
ratio, weakly meshed configuration and large number
of nodes. Hence, load flow is considered by means of
forward-backward sweep method that is effective for
RDNs. In this technique, swing bus is represented
as source and other buses are injected through slack
bus as shown in Figure 1. In this technique, value of
voltage and current can be computed using Kirchhoff’s
laws. Considering a branch among bus i and j of the
typical distribution network as shown in Figure 1,
following are the main steps of FBS load flow method
[22]. First of all, select the reference bus and assume
the magnitude of reference bus |V | = 1 p.u and its
angle δ = 0◦ . During forward sweep, Equation 1 and

12

Fig. 1: Typical radial distribution network
Equation 2 are used to calculate approximate current
and voltage as follows.
"

Iik

Sik
=
Vik−1

#∗

(1)

Vjk−1 = Vik − Zij Iik

(2)

Where,
Iik : Current injection at bus i, during k th iteration
Sik : Power injection at bus i during k th iteration
Vi , Vj : Sending and receiving end bus voltages
Zij : Impedance of branch between bus i and j
During backward sweep, value of current is calculated
by simply algebraic sum of line currents from last lower
branch up to source using Equation 3.
Iik = Ijk +

l
X

k
Im

(3)

m=1

Where,
k
: entire current of parallel branches connected to
Im
main bus m at k th iteration
nl : number of branches
After the calculation of line current, updated node
voltages are calculated and the process of convergence
is examined using Equation 4 and Equation 5.
Vjk = Vik − Zij Iik

(4)

|∆Vik | = |Vik−1 | − |Vik | ≤ εv

(5)

Where, εv : acceptable mismatch of voltage in k th
iteration. Finally, apparent power is computed using
Equation 6 and mismatch of real and reactive power
is calculated using Equation 7 and Equation 8 for
convergence basis,
∗

Sik = Vik (Iik )

(6)

h

∆Pik = < Sik−1 − Sik

i

(7)

h

i

(8)

∆Qki = = Sik−1 − Sik

Where,
∆Pik : real power mismatch in k th iteration,
∆Qki : imaginary power mismatch in the k th iteration.
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2.2

2.3.2 Inequality Constraints

Objective Function

Total loss (Ploss ) is measured as objective function and
mathematically can be defined as [23];
minf (x) = Ploss =

13

nb X
nl
X
i=1 j=1

Vi − Vj
Zij

!

Voltage constraints: At each bus, voltage constraints
can be represented as follows:
Vimin ≤ |Vi | ≤ |Vimax |

2

× Rij

(9)

Where,
Vimin : 0.95 p.u minimum value
|Vimax | : 1.05 p.u maximum value
Complex power flow constraints: Complex power flow
constraint assures that the entire flow of complex
power in the line must be within the safe limit given as
below:

Where,
Ploss : objective function
Rij : branch resistance
nb : number of busses
nl : number of branches
This paper considers two type of DGs, i.e. wind
and solar PV. Wind type DG has the capability to
inject both active and reactive power, whereas, solar
PV injects only active power. DGs are considered as
negative PQ load because they do not regulate the
voltage as suggested in [24]. Active power (PDG ) of DG
connected to bus i at loading PL,i , is changed from PL,i
to (PL,i − PDG ) and generation of its reactive power is
calculated using Equation 10.
QDG,i = PDG,i × tan (cos−1 (p.f DG,i ))

(10)

≤ smax
srated
ij
ij

(14)

≤ smax
ssrated
ji
ji

(15)

Where,
smax
and smax
: maximum complex powers flow
ij
ji
rated
sij
and srated
: rated complex power flow
ji
DG constraints: DGs size must be bound within desirable limit. If it is increased beyond a certain limit,
losses also increase. Hence DG have some bounded
above and below below limits as follows.
N
DG
X

Hence, reactive power loading QL,i at bus i is changed
to QL,i −QDG,i . The algorithm determines the solution
of mixed integer problem such as DGs rating (continuous) and possible locations of DGs (discrete).

(PDGi ) ≤

Constraints

Total power loss, calculated by using Equation 9, is
minimized subjected to satisfying the following equality and inequality constraints.
2.3.1 Equality Constraints
MW and MVAr power balance are done during the
load flow, mathematically these constraints given as:
nb
X

Pgi =

nb
X

i=1

i=1

nb
X

nb
X

i=1

Qgi =

Pdi + Ploss

i=1

N
DG
X

nb
X

(QDGi ) ≤

Qdi + Qloss

Where,
Pgi and Qgi : MW and MVAr injection
Pdi and Qdi : MW and MVAr demand

!

Pdi + Ploss

(16)

!

Qdi + Qloss

(17)

i=1
min
max
PDGi
≤ PDGi ≤ PDGi

(18)

max
Qmin
DGi ≤ QDGi ≤ QDGi

(19)

Where,
min
max
PDGi
; PDGi
: maximum and minimum active power of
DG.
max
Qmin
DGi ; QDGi : minimum and maximum reactive power
of DG.
NDG : number of DGs

(11)

3

i=1

nb
X

i=1

i=1

2.3

(13)

(12)

DG Modeling

According to IEEE1547 standards [25], DGs must be
operated at constant p.f near to unity. In this paper,
non-conventional DGs such as solar PV (operating at
unity p.f, generate active power only) and wind type
DG (op-erating at 0.85 to 0.95) lagging p.f, both are
considered as negative PQ load model.
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3.1

14

Modeling of Solar PV Type DG

Solar PV power is the function of solar irradiance (G).
Therefore, relationship among available power of solar
PV and solar irradiance is computed as [26]:
(

Ppv =

Ppvr ×
Ppvr



G
Gr



0 ≤ G ≤ Gr
Gr ≤ G

(20)

Where,
Gr and G : solar radiations in W/m2 at chosen location
and at surface of earth, Ppvr : output of PV at 25◦ and
solar radiation at 1000 W/m2 .
3.2

Modelling of Wing Turbine (WT) Type DG

In WT type DG, generated power is the function of
uncertain wind speed (v) and can be modelled as:


 0,

if0 ≤ v ≤ vcin , or v ≥ vout
cin
, vcin ≤ v ≤ vr
Pwr × vv−v
Pw =
r −vcin


Pwr ,
vr ≤ v ≤ vout

(21)

Where:
v : available wind speed
vcin , vr , vout : cut in, rated and cut out speeds
Pwr : rated power

4

Self-Adaptive Differential Evolution

Price and Storn first introduced DE which is a
population based stochastic optimization technique,
extensively applied in many engineering applications
[27]. Performance of DE mainly depends on trial
vector generation strategy and control parameters
(i.e. population Np , scaling factor F and crossover
CR). Details of SaDE algorithm are given in Figure
2, and its main parts are defined in the subsequent
sections.

4.1

Initialization

Initially, decision variable, using Equation (22), is
randomly generated from the feasible bounds of decision parameters and is uniformly distributed overt
the entire search space. At generation G = 0, the value
of jth decision vector in the ith population is produced
as:


j
j
j
j
Xi,0
= Xmin
+ rand (0, 1) Xmax
− Xmin



(22)

Where, i = 1, . . ., Np ; j = 1, . . ., D Np : initial popuj
j
lation, D : decision vector, Xmin
and Xmax
: minimum
and maximum bound parameters, rand (0, 1) : random
variables uniformly distributed overt the range of [0,1]

Fig. 2: Details of SaDE method

4.2

Mutant Vector

After initialization at each generation G, it generates
j
j
mutant vector Vi,G
(from individual Xi,G
). Three most
widely used mutation strategies suggested in [28] are
used in SaDE code which are given as follows.
Vi,G = Xr1i ,G + F × (Xr2i ,G − Xr3i ,G )

(23)

Vi,G = Xbest,G + F × (Xr1i ,G − Xr2i ,G )

(24)

Vi,G = Xi,G +F ×(Xbest,G − Xi,G ) +F ×(Xr1i ,G −Xr2i ,G )
(25)
In Equation 23-27, r1i to r5i are distinct integer values
arbitrary selected from present population in the range
of [1, N P ] and are different. Xbest,G shows the best
target vector at generation G in the entire population.

IEEE Test system

voltage (kV)

Branches

Demand (MW)

Demand (MVAr)

power loss (kW)
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33-bus
69-bus
119-bus

12.66
12.6
11

37
73
132

3.72
3.8
22.709

2.3
2.69
17.041

210.998
224.9
1298.1

Test
system

33-bus

Case
no.
Case I
Case II

69-bus

Case I
Case II

TABLE 1: Data of standard radial distribution networks

119-bus

Case I
Case II

4.3
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Explanation
of study case
Single DG
allocation
at each bus
Multiple DG
allocation
Single DG
allocation
Multiple DG
allocation
Single DG
allocation
Multiple DG
allocation

No. of
DGs
(type)

Min-max
DG
injection

1

o.2 to 2.8
MW

3
1
3
1
7

0.2 to 2.8
MW
0.2 to 2.8
MW
0.2 to 2.8
MW
0.2 to 20
MW
0.2 to 20
MW

TABLE 2: Proposed test systems and study cases

Binomial Crossover

Competitive binomial crossover operation is performed
j
j
between target vector (Vi,G
) and mutant vector (Xi,G
)
for the generation of trial vector. For the effective
generation of the trail vector Ui,G , the proposed SaDE
algorithm employs the approach candidate pool. The
three commonly used trial vector building methodologies as given in Equation 23-25 are used for the
strategic candidate pool.
DE/rand/1/bin
DE/ rand-to-best/ 2/ bin
DE/rand/2/bin
Where, DE means differential evolution, rand shows
the random population member which is subtracted
from the member of current population, 1 or 2 means
one difference or two difference, rand-to-best means
difference of current population from the best population member.

of all study cases is shown in Table 2. In the above case
studies, Table 3 shows the parameters of the proposed
algorithm (SaDE). DG injection must be within the
desirable limit. In case of high-power injection by DG,
distribution network can become an active network
and may cause large power losses, rises fault currents
and many other counter effects. Therefore, DGs site,
size and number must be carefully checked at the time
when installed into distribution network.

4.4

5.1

Selection

Next population Xi,G+1 is the selection between target
vector and trial vector defined by:


Xi,G+1 =

Ui,G , if f (Ui,G ) ≤ f (Xi,G )
Xi,G ,
otherwise.

(26)

The details of the SaDE algorithm can be found in [28].

5

Simulation Results

For the optimal capacity and allocation of various
types of DG, three distribution networks, such as
33, 69 and 119-bus, are considered to test efficiency
of the proposed algorithm. For this purpose, various
preparations along with single and multiple DGs setup
are observed. Table 1 gives the technical details of the
proposed test systems and the data of these systems is
taken from [29]. Following two cases are considered to
solve the problem of DG allocation: (i) single DG allocation, and (ii) multiple DG allocation. The summary

Parameter
Name
Population (Np)
Max gen (Gmax)

Value
100
100

Parameter
Name
Max fun eval
Ranges of F and CR

Value
10,000
[0, 1]

TABLE 3: Parameters of SaDE Algorithm

Case I: Allocation of single DG

In this case all buses are chosen one by one for the
selection of best capacity of DG. The bus which has
the lowest RPL will be the candidate bus for DG
allocation. Whereas. the rating at which power loss is
minimum will be the optimal size of DG. In this case,
two different types of DG are considered such as PV
and WT. The response of the proposed technique for
case 1 of IEEE 33-bus test system is as shown in Figure
3.
Figure 3 shows that the best position and capacity for
Solar PV type DG is at bus 6 and 2.575 MW. It is
because at this bus, losses are minimum up to 103.02
kW. In Solar PV type DG case, losses are reduced
from 203.7 kW to 103.02 kW, resulting in a reduction
of 49.01%. However, top distribution of WT type DG
functioning at 0.95 p.f lagging is at bus 6 and 2.8244
MW, respectively. It is due to the fact that the real
power losses are minimum up to 63.67 kW resulting in
percentage reduction of 64.84%. Furthermore, Table 4
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Method
ALGA [11]
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DG
type
PV
WTG

Analytical [31]
SaDE

p.f
1
0.95
lag

Optimal
bus
61

1.872

Power
loss
(kW)
83.2

61

2.1555

38.46

DG
(MW)

PV

1

61

1.8078

83.372

PV

1
0.95
lag

61

1.872

83.2

61

2.0485

38.408

WTG

TABLE 5: Allocation of DG size and site for 69-Bus
Fig. 3: Power loss and installation of DG in IEEE 33bus.
Method
ALGA [11]
BFO [30]
Analytical [31]
SaDE

DG
type

p.f

PV
WT
PV
PV
PV
WT

1
0.95
1
1
1
0.95

Optimal
Bus
6
6
6
6
6
6

Size
DG
(MW)
2.58
2.978
2.2
2.49
2.575
2.750

Losses
(kW)
105.4
72.68
113.14
111.24
103.02
63.67

1
0.95

Optimal
bus
72
72

Size
of DG
(MW)
2.9828
3.3936

Power
loss
(kW)
1118.3
1041.3

PV

1

93

2.8714

1017.05

PV
WTG

1
0.95

71
71

2.977
3.219

1017.01
940.05

DG
type

p.f

PV
WTG

MTLBO
 
32
SaDE

Method
ALGA

TABLE 6: Single site and site comparison of 119-bus

TABLE 4: Comparison of optimal allocation of 33-bus

displays the evaluation of th proposed algorithm with
two other recent methods.
It can be noticed from Table 4 that the proposed
technique has lowest losses compared to other techniques in both solar PV and WT generators. Similarly,
Figure 4 shows the response of SaDE for 69-bus network.
Figure 4 gives the ideal position and capacity of Solar
PV at bus 61 and 1.872 MW, respectively. It is because
at this bus, losses are minimized up to 83.2 kW. In
Solar PV type, DG case losses are decreased from 224.6
kW to 83.2 kW, resulting in percentage reduction of
62.97%. Whereas, WT type DG working at 0.95 p.f

Fig. 4: Loss minimization and installation of DG individual in 69-bus

lagging is at bus 61 and 2.0845 MW respectively. It is
due to the fact that the real power losses are minimum
up to 38.41 kW resulting in percentage reduction of
82.82%. Furthermore, Table 5 gives the assessment
of simulation outcomes of SaDE with other exiting
techniques for IEEE 69-bus. Figure 5 shows the single
DG allocation considering power loss minimization,
where red encircle shows the minimum losses, rating
and position.
Solar PV type DG is selected at bus 71 and 2.977
MW respectively. It is because at this bus, losses are
minimum and decreased up to 1016.7 kW form 1400
kW base loss, resulting in a reduction of 27.37%. For
the finest sharing of WT type DG operational at 0.95
p.f, lagging is selected at bus 71 and 3.2190 MW
respectively. It is due to the fact that real power losses
are minimum up to 940.05 kW (32.85% reduction). Table 6 gives the comparison of the proposed algorithm
with other techniques for 119-bus
It can be noticed from Table 6 that for IEEE 119bus system, the proposed technique has lowest losses.
DG size in both Solar PV and WTG DG is compared
to ALGA [11] method. It is evident that the proposed
technique has the ability to achieve the global minimum in the system. Furthermore, it may be noticed
from Table 4-6 that the size of solar PV type DG is
smaller than WTG type DG allocation. WTG type
DG inject real as well as reactive power into the bus,
whereas, solar PV inject only active power into the
bus. Furthermore, due to high rating of WTG type
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Fig. 5: IEEE 119-bus DG site and size selection
Fig. 6: 33-Bus voltage level
Method

Optimal
bus

CTLBO [15]

13, 24, 30

QOTLBO [33]

12, 24, 29

FWA [19]

14, 18, 32

ACSA [18]

14, 24, 30

UDVA [34]

11, 24, 29

SaDE

24, 14, 30

DG size (MW)
= sum PDG
0.8017, 1.0913,
1.0536 = 2.947
0.8808, 1.0592,
1.0714 = 3.011
0.5892,0.1895,
1.015 = 1.79
0.7798,1.125,
1.3450=3.2498
0.875, 0.931,
0.925 = 2.73
1.1, 0.75,
1.07 = 2.929

Losses
(kW)
72.787
74.101
88.68
74.26
74.21
71.398

TABLE 7: Comparison of three PV types DGs for 33bus

Fig. 7: Convergence of the objective function of 33-bus

DG, its losses are lowest as compared to solar type
DG.
5.2

Case II: Allocation of Multiple DGs

For the optimal DG allocation, results of 33, 69 and
119-bus test systems using proposed technique are
presented in the following sections.
5.2.1 Multiple DGs in IEEE 33-bus
According to the literature, the number of of DGs
that satisfy all the limits is three. In an attempt to
show the usefulness of SaDE, its response is compared
with other existing technique as shown in Table 7.
Without DG in base case, the system has losses of
203.7 kW, however, with the addition of three DGs,
system has losses of 71.398 kW. This results in the
decrease of 64.81% losses in the system. Thus, the
proposed technique has the ability to find the global
minimum of real power losses and DG size in the
RDN. Moreover, the allocation of DGs also enhances
the voltage profile of bus form 0.913 p.u to 0.9723
p.u, as shown in Figure 6. The Convergence of the
proposed algorithm satisfies all the constraints, as
shown in Figure 7.

5.2.2 Multiple DGs in IEEE 69-Bus Network
In this case, three DGs are found to satisfy all the
limits for optimal site and size. Without DG, the
system has a loss of of 224.6 kW. However, with
addition of three DGs, the system’ loss reduced to
69.42 kW. Thus, with the multiple DGs, system has
lowest losses resulting in a power reduction of 70%. In
order to show the efficacy of the SaDE approach, its
response is compared with other existing techniques,
as shown in Table 8. Moreover the allocation of DGs is
also found to enhance the voltage profile of bus form
0.9092p.u. to 0.9717 p.u, as shown in Figure 8. The
convergence curve of power loss reduction is shown in
Figure 9.

5.2.3 Multiple DGs in 119-Bus Network
In this case, four solar PV type DG satisfy all the
limits for optimal site and size. without DGs, the
system has losses of 1400 kW. However, with addition
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Method

Optimal
bus

CTLBO[15]

11,18,61

QOTLBO [33]

18,61,63

FWA [19]

27, 61, 65

ACSA [18]

11, 18, 61

UDVA [34]

11, 17, 61

SaDE

61, 18, 11

Fig. 8: 69-Bus voltage level

Optimal size of
DG (MW)
=sum PDG
0.5268, 0.3796,
1.7190 = 2.6254
0.5334, 1.1986,
0.5672 = 2.299
0.2258, 1.199,
0.4085 = 1.833
0.602, 0.380,
2= 2.982
0.604, 0.417,
1.410=2.43
1.719, 0.380,
0.526 = 2.625

Power
loss
(kW)
69.388
71.625
77.85
72.44
72.63
69.42

TABLE 8: Comparison of three PV types DGs for 69bus

Method

CTLBO [15]

QOTLBO [33]

Fig. 9: Convergence of power loss reduction of 69-bus
TLBO [33]

of four DGs, the system has losses of 642.5 kW,
as shown in Figure 10. Thus, with multiple DGs,
system has lowest losses resulting in a power reduction
of 54.10%. Moreover, the allocation of DGs also
enhances the voltage profile of bus form 0.869p.u. to
0.955p.u, as shown in Figure 11. In order to show the
effectiveness of the proposed technique, its response
is compared with other existing techniques as shown
in Table 9. It can be noticed from Table 9 that the
proposed technique has the lowest losses of 516.254
kW compared to other techniques.

6

SaDE

Optimal
bus
20, 44,
52, 75,
83,100,
114
24, 42,
47,74,
78, 94,
108
8, 10,
36, 49,
71, 79,
110
20, 42,
50, 72,
80, 96,
109

DG size (MW)
1.8176, 1.2764,
2.7671, 2.5333,
2.0949, 1.6631,
3.1199 = 15.2723
1.2463, 0.7322,
3.5392, 2.6792,
1.2483, 1.0865,
3.2432 = 13.774
1.7553, 0.5910,
1.5368, 2.6865,
2.5014, 2.4941,
2.6628 = 14.227
1.8176, 1.2764,
2.7671,2.5333,
2.0949, 1.6631,
3.1199 = 15.27

losses
(kW)
516.256

576.182

590.697

516.254

TABLE 9: Comparison of three PV types DGs for 69bus

Discussion

The simulation results of all standard IEEE redial
test systems show that the minimum value of voltage
at bus has been improved beyond smallest constraint
limit following the optimal DG allocation. It can be
observed from the simulation results that WTG DG
injection decrease more RPL and enhances the value
of voltage at each bus in comparison to solar PV type

Fig. 10: Convergence curve of 119-Bus
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Fig. 11: 119-Bus voltage profile

DG. It is because WTG type DG has the ability to inject real as well as reactive power into the distribution
system.
It may be noticed from the simulation results that
the proposed technique is not only efficient for single
DG allocation, but it is also effective for the multiple
installation of the DGs compared to other methods
such as GA, DE and PSO. In addition, comparison
of the proposed technique performance with various
other existing techniques has shown that the proposed
technique has lowest losses and smallest DG size in
both PV and WTG DG for single as well as multiple
DG allocation. Hence, the proposed method has the
ability to optimally improve voltage profile and minimize RPL for small to large scale RDNs by allocating
the optimal site and size of DGs.

7

Conclusion

In this article, the optimization of power loss has been
presented for the optimum site and size of DG allocation, considering WT and solar PV. The proposed
SaDE algorithm has been validated on three standard
IEEE RDN namely 33, 69 and 119-bus systems. The
main objective of the proposed technique is to reduce losses with smallest DG size in both single and
multiple DG allocation in distribution system. The
simulation results have been presented for single and
multiple DG allocation. Higher the enhancement in
voltage level at each bus, higher the reduction in power
loss. Furthermore, the allocation of WT results in a
satisfactory enhancement in voltage profile as well as
real power loss reduction for all standard RDN due to
its ability of injecting reactive power at lagging p.f.
The comparison of results of the proposed approach
with other existing technique shows the superiority of
SaDE algorithm. Thus, the proposed SaDE technique
can be applied to any size of radial distribution system.
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Abstract
Arsenic (As) being a carcinogenic element present in drinking water in the less developed areas in the deprived
countries contributes to many infectious diseases. The removal of arsenic traces from water needs to have an easy
and efficient way for poor countries. Concerning this, a low-cost bio-adsorbent from Rice husk is prepared to remove
arsenic from groundwater. Preparation of the absorbent is performed by crushing, sieving, washing and drying the
rice husk. The Arsenic present in groundwater samples before and after treatment were tested by Arsenic kit.
Batch experiments were carried out with ten contaminated samples of groundwater from Indus river origin area
(Nasarpur) to investigate the influence of operating parameters such as adsorbent bed height (ABH) and initial
arsenic concentration and residence time(TR) on As removal efficiency using locally fabricated adsorption column.
Environmental parameters such as pH, temperature, TDS, and EC were also determined. It was observed that the
highest optimized removal efficiency of 90% was achieved at ABH 30 cm: residence time, 60 minutes for feed arsenic
concentration of 80 ppb samples. These results suggest that this bio-adsorbent can provide an easy, efficient, and
economical method for removing As ions from effluents and water resources.

Keywords—Arsenic removal, adsorption bed column, adsorbent bed height.
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Introduction

T

he high toxicity of arsenic is observed in groundwater [1]. Arsenic mostly occurs in the inorganic
form in nature. Various research outcomes highlight
that arsenic is a carcinogenic element if used in excess
amount in drinking water [1–4]. Arsenate is less poisonous and eager to migrate than Arsenite. It is up
to 60–99% of total arsenic present in water [2][5–8].
World Health Organization’s (WHO) drinkable water
limit for arsenic is set to 10.0 µgL−1 which is not
because of safe consumption of water containing less
than that concentration of arsenic, but due to the
difficulty of detection and removal of arsenic below
that concentration.
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.03
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

Consumption of arsenic content water has been
reported for various health issues due to its toxicity
and severe damage to human body, especially in southeastern countries including China, India, Pakistan and
Bangladesh [9–11]. The health problems cannot be
visible immediately as human body can absorb significant arsenic amount, which is more harmful because
the health problems occur when the tolerance limit of
arsenic content is attained [2][3][12]. Arsenic consumption is a major cause for Prolonged illness including
cardiovascular and mental retardant in children [13].
Considering the hazardous effects of arsenic, Environmental Protection Agency (EPA), USA strongly
recommends arsenic as Group-A carcinogenic that can
cause multiple skin diseases and cancers. It is also
observed in the literature that a huge population
of the world consumes contaminated drinking water
having arsenic in higher percentages than the one
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recommended by World Health Organization (WHO),
i.e., 0.01 mg/L [14][15].
Trivalent and pentavalent arsenic are observed as
most common inorganic traces for the contamination of water. These both molecules of arsenic are
mobilization-sensitive and sustain in metalloid in either reducing or the oxidizing situation with a pH
range of 7.5 ± 1. Arsenate As(V) can form oxyanions
(H2 AsO4 ) and (HAsO4 )2 ) in rich oxygen availability, however, Arsenite As (III) species are stable in
inverse atmospheric conditions such as anaerobic or
reducing situation and can develop H3 AsO3 around
neutral pH range. The trivalent As(III) is more toxic
than the pentavalent form of As(V) and hard to remove by conventional methods such as physiochemical
treatment [16]. The population of various countries
like Magnolia, Mexico, Taiwan, Thailand, Bangladesh
and India is exposed with acute and chronic arsenic
through drinking water up to a level of 2000 µg/L
[4], [17]. In Pakistan, Punjab and Sindh provinces are
highly affected with arsenic in water. Almost 24% of
residents of Punjab province are in danger by 12-14
µg/L arsenic contamination, and 3-4% people above
56-60 µg/L. About 35-46% of the population of Sindh
province is prone to be affected by 12-15 µg/L, and
18-22% with 56-60 µg/L of arsenic [18]–[20].
A significant number of treatment methodologies
have been developed for removing arsenic traces from
water, most of them emphasizing on industrial or
large scale water treatment plants, however, the rural
or small scale local treatment is not well established
yet [12]. Different techniques including ion exchange,
coagulation, membrane filtration, precipitation and
adsorption have been applied for removing arsenic
from groundwater of contaminated surface water, and
synthetic or natural adsorbents are been developed
besides lime softening technique to reduce arsenic concentrations [1][6][21], however, economic constraints
for these technologies is still a big challenge [16].
Considering the afore-mentioned issues, a costeffective technology development for the removal of arsenic and production of safe and clean drinking water
would be a breakthrough for achieving the consumers’
health satisfaction with the economy [20]. Adsorbents
share many features for adsorbing metals such as the
concentration of metal present in liquid, pH, residence
or contact time, and chemical characteristics of the
adsorbent [22]. Some researchers have revealed that
various agricultural waste materials such as wheat
husk and barn can also be utilized for this purpose can
be quite effective in terms of cost [23]. In addition to
that, some shells of trees and nuts, and other material
such as maize, sugarcane, and some seeds have also
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been found efficient for removing arsenic from water
[21][24–27].
The most prominent technologies include membrane separation, precipitation–coagulation, ionexchange and adsorption [28–30]. Among all these,
the fixed bed adsorption system is simple and has a
sludge-free operation and handling along with good
regeneration capacity. Hence, this technology is receiving popularity for arsenic removal [31]. Considering the
attraction of arsenic toward iron, various forms of irons
like ores, oxides, and iron coated materials have been
efficiently and intensively used in water treatment
processes [8]. The main objective of this study is to
investigate the potential of raw rice husk to be used
as an adsorbent for arsenic removal from groundwater.
The local availability of rice husk makes this adsorbent
cheap and reliable for these technologies. Moreover,
the effect of various operating parameters such as
adsorbent bed height, initial arsenic concentration and
residence time were investigated to reveal the performance of fabricated adsorption column.

2

Material & Method

The study work is mainly aimed to find out the
optimized parameters for removal of arsenic from the
groundwater by passing it through rice husk bed in
fixed adsorption column. The main idea behind this
proposed configuration is to provide arsenic molecules
present in groundwater and the active sites on the
surface of rice husk molecules to filter pure water at
the outlet. In order to achieve such objectives, different operating parameters including the rice husk bed
height, initial arsenic feed concentration in samples
and residence time/contact time were investigated.
The proposed model was remoulded and fabricated
with respect to the model in [32] by changing its bed
height inside column diameter and the omission of a
pump for decreasing capital cost for poor clients in
deprived areas.
2.1 Collection, Preparation and Sampling
The following sections describe the process of collection, preparation and sampling of rice husk.
2.1.1 Collection and preparation of Rice Husk
Rice husk has been collected from a rice mill situated
in Hyderabad city. After collection, it was grounded
with the help of grinding machine (Figure 1a) present
at the Department of Chemical Engineering, MUET
Jamshoro. Ground rice husk was separated by using
a sieve to obtain the uniform size adsorbent, i.e, 1.18
mm, 850 micrometre, and 710 micrometres with the
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help of sieve shaker (Figure 1b). Adsorbent 1.18 mm
sized particles were washed with deionized water, dried
in an oven (Figure 1c) at 105◦ C for 50 minutes. Finally,
this bio-adsorbent was stored in airtight jars.
2.1.2 Sampling of Water
Ten samples were taken from the groundwater sources
of Nasarpur, a historical city in Indus civilization as
it has an origin of the river Indus. Nasarpur is 45 km
away from the study area (Mehran UET, Jamshoro).
The manner in which samples are collected has a direct
impact on the quality of analytical findings. As shown
in many studies, there are high chances for the sample
contamination at the sample source, therefore, high
priority was given to the safe and secure sample collection following the SOPs to minimize the risks of sample
contamination. Groundwater is collected in plastic
bottles, washed with distilled water and diluted in HCl
solution. Water was collected at the well-head/spigot
after allowing it to run for sufficient time, so that
the water being collected has come directly from the
aquifer. Bottles were filled with as little head-space as
possible, but the neck of the bottles were left empty to
allow for any expansion during shipment. After filling,
the bottles were sealed around the cap/bottle joint to
prevent exchange or loss of CO2 from the water.
2.2

Fabrication of Adsorbent Column Assembly

The experimental setup including the containment
building, fixed adsorption column, storage tanks,
sieves and fixation of the manual water flow valve
is fabricated/assembled in a mechanical workshop,
Mehran University of Engineering and Technology,
Jamshoro, Pakistan. The experimental setup and the
assembly are shown in Figure 3.
Adsorption Column (AC): Adsorption
column
was made up of acryl material, available in sheet,
rod, and tube for use in injection mouldings,
extrusion and vacuum forming. The column has
O.D, 5 cm and I.D of 4 cm, whereas, the total
height of the column is 150 cm. The column is
divided into three sections: upper section (raw
water), middle section (rice husk adsorbent bed)
and a lower section (treated water). The lower
section has a height of 60 cm, while upper section
height changes in proportion to the bed height.
Storage tanks (ST): For adsorption, bed column
experimental setup, two storage tanks having 5litre volume capacity were fabricated at the mechanical workshop, Mehran university of engineering and technology, Jamshoro. Storage tanks,
ST-1 and ST-2 were used for the distribution/
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collection of raw water and treated water, respectively.
Sieve (SE): A perforated sieve made from the acrylic
plastic (glass) of 0.5 mm hole diameter was used
to filter the treated water from the adsorption
bed. This sieve is adjusted at the top of the lower
section to handle the material over it as well as to
fix the bed height.
Manual Water Flow Valve (WFV): A
manual
water flow valve is used to regulate, stop and
control the flow towards adsorption column by
opening and closing (either fully or partially).
2.3

Experimental Methods

The prime objective of this study is to investigate the
operating parameters for arsenic removal. For that, we
must also analyse the major water quality parameters.
Beside arsenic, the water quality parameters to be
examined are temperature, pH, Electric Conductivity
(EC) and Total Dissolved Dolids (TDS), etc. The
method adopted to analyses these parameters is shown
as follows. The results before and after the filtration
are shown in Table 2.
2.3.1 Arsenic
Arsenic of water samples will be measured using arsenic mobile kit MERCK with a precision error of
¡1% (Germany) (Figure 4). WHO’s standard value
is 0.01 mg/L and Pakistan standard for As is 0.05
mg/L. The concentration and the percentage removal
of arsenic from aqueous solution were calculated using
the following equation,
%Adsorption =

C0 − Cf
× 100
C0

(1)

where C0 and Cf are the initial and final arsenic
concentrations in (mg/L) [32].
2.3.2 pH and Temperature
pH and temperature of the water samples before and
after the filtration were measured using a portable
HANNA pH meter (Figure 5). The instrument was
calibrated with standard pH-7 buffer solution. the pH
of water is the number of concentrations of hydrogen
ion in water. It ranges from 0 to 14. Generally, water
that has pH = 7 is neutral, pH ¿ 7 is basic, and pH ¡
7 is acidic in nature. The normal pH recommended for
drinking water by WHO ranges from 6.5-8.5.
2.4

Total Dissolved Solids (TDS)

Total dissolved solids in water were measured with the
help of Hanna digital TDS meter. Solid contaminants
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(a) Hammer mill
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(b) Mechanical sieve shaker

(c) Dryer/over

Fig. 1: Different equipment used for the preparation of Rice Husk

Fig. 2: Rice Husk- Size reduction from left to right

No.

Sample Name

Location

1
2
3
4
5
6
7
8
9
10

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10

Abra Mohalla
Bus Stop
Dars Mohalla
Pandhyani Mohalla
Almani Mohalla
Memon Mohalla
Nasarpur Stop
Ghirana Mohalla
Nasarpur Petrol Pump
Arain Mohalla

Arsenic
(ppb)
30
40
50
60
70
80
85
90
95
100

TABLE 1: Arsenic content in water before passing
through adsorption bed
conductivity of the water will be measured with help of
Hanna digital TDS meter. After the verification of the
environmental parameters recommended by WHO, the
experiments were performed on physical parameters
such as Adsorbent Bed Height (ABH), initial arsenic
concentration and the residence time (TR).

3

Results & Discussion

2.4.1 Electric Conductivity (EC)

For the removal of arsenic from groundwater, it was
passed through the adsorption bed column. Arsenic
was tested with the help of arsenic kit method. Modified adsorption bed has shown remarkable importance
of rice husk in the removal of arsenic from groundwater of Nasarpur. Along with arsenic removal, it has
also affected the environmental parameters of water.
Different experiments were conducted for 10 different
samples (Table 1) obtained from Nasarpur by varying
their inlet concentration with constant bed height of
30 cm, particle size (rice husk) of 1.18 mm, and flow
rate of 20.94 ml/min. Experimental results are shown
in Table 2.

Electrical conductivity is related to the measure of
the concentration of dissolved ions in the water and
measured in ţS/cm. WHO’s recommended limit of
EC in groundwater is up to 400 ţS/cm. The electric

3.1 Determination of Environmental Parameters
Different environmental parameters like TDS, EC,
pH and temperature were analysed for the sake of

Fig. 3: Experimental setup and assembly

may be organic or inorganic or suspended in the water.
Its unit is mg/L. TDS is an important environmental
parameter whose normal range is ¡ 1000 mg/L in accordance with the WHO standards as well as Pakistan
drinking water standard.
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(a)
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(b)

(c)

Fig. 4: Experimental observation while performing arsenic test by colorimetric method. (a) arsenic Kit, (b)
sample and reaction bottles, and (c) comparison of strips with standards)

Sample
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10

TDS

pH
Before
8.3
7.25
7.4
7.6
7.25
7.57
7.7
7.1
7.3
8.05

After
7.37
7.85
8.1
7.35
7.05
7.27
7.1
7.6
7.1
7.35

(mg/l)
Before
570
670
340
310
430
290
280
790
350
360

EC
After
550
650
330
310
410
270
310
730
330
340

(µS/cm)
Before
740
840
680
620
860
580
560
580
700
720

T
After
380
440
380
320
460
280
360
380
290
320

(°C)
Before
30.6
30.8
31.1
31.9
29.3
30.8
29.3
29.5
31
32.1

After
30.6
30.8
31.1
31.9
29.3
30.8
29.3
29.5
31
32.1

TABLE 2: Environmental parameters before and after treatment

3.2

Fig. 5: Environmental parameters test for Water
(TDS, EC, pH and Temperature)

monitoring the quality of groundwater. Samples were
tested with the help of Hanna pH, EC, TDS meter
and thermometer for calculating the pH, EC, TDS and
temperature values, respectively. TDS and pH values
lie in the allowable limit of WHO standards. Values of
environmental parameters are given in Table 2.

Adsorbent Bed Height (ABH)

Adsorbent bed height is defined as the total vertical
distance filled up with the rice husk in a glass column.
Different adsorbent bed heights were tested to remove
arsenic from a wide range of contaminated groundwater samples. As shown in Figure 6, different adsorbent bed height, i.e., 25 cm, 30 cm and 35 cm were
tested by keeping the flow rate (20.94 mL/min) and
residence time (30 min) constant. The experiments
were repeated twice for the feed arsenic concentrations
varying from 30 to 100 ppb.
The maximum average removal of 87.4% was
achieved in 35 cm ABH. Besides, the arsenic removal
difference between ABH values of 30 cm and 35 cm
is not significant. Hence for economics and optimized
parametric study point of view, the ABH=30 cm can
be recommended for the household applicability of
the adsorbent column. The increment in the removal
efficiency by increasing the ABH is mainly due to
increase of the contact areas between contaminated
solution and rice husk particles, allowing arsenic particles to be better adsorbed at offered active sites
of the adsorbents. This phenomenon has permitted
arsenic to diffuse in the molecular level into the rice
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husk. Consequently, the percentage of arsenic removal
increased when the ABH was increased. Whereas,
increasing ABH showed no prominent change in the
removal efficiency of arsenic for all feed arsenic concentrated samples. ABH= 30 cm was optimized for
further experiments, because this bed gives an overall
high removal efficiency (Figure 8).
3.3

3.3 Feed Arsenic Concentration (ppb)

All contaminated samples of groundwater were found
having different arsenic content. WHO standard value
is 0.01 mg/L or 10 ppb and Pakistan standard for
arsenic is 0.05 mg/L or 50 ppb. Arsenic values ranged
from 30 ppb to 100 ppb in the referenced samples (Table 1). The effect of initial arsenic concentration was
studied on a column by varying feed arsenic concentrations of 30-100 ppb. The adsorbent bed height (30 cm),
the diameter of the column (4 cm), residence time (30
min) and flow rate (20.94 mL/min) were kept constant.
It was observed that with low arsenic concentration
samples, the treated quantity was higher. However, for
the high arsenic concentration samples, the adsorption
capacity also increased. This was due to the rise in
the driving force of the concentration gradient. On
the other hand, for low arsenic concentration samples,
the driving force of adsorbent is smaller due to lower
gradients. Figure 6(b) shows that the highest removal
was 82 ppb and lowest removal was 19 ppb for S1 and
S10, respectively. On the contrary, higher concentration samples have high driving force for the As ions
to surmount the liquid phase mass transfer resistance.
The removal efficiency for the lowest concentration to
the highest concentration was in the range of 63-83%.
3.4

(b)

ABH Results Comparison

When water was passed through the column at adsorbent bed height of 25 cm, the removal efficiency
was in the range of 30-48%, which showed that
the arsenic concentrations were still higher and nonrecommendable for the household use even. When the
water was passed through the bed height of 30 cm, it
reduces the arsenic content in water with a removal
efficiency between 63-83%, and finally 66-87% (Figure
8). Hence it was concluded that for this assembly, a
30 cm ABH can be fixed for another parametric study
such as the residence time.
3.5

(a)

Residence time (TR )

For residence time study, the contaminated samples
were passed through the adsorbent bed for 30 and 60
minutes. Parameters fixed were adsorbent bed height

(c)

Fig. 6: Effect of Adsorbent bed height on Arsenic
concentration (a) 25 cm (b) 30 cm and (c) 35 cm

30 cm, and column diameter 4 cm, however, the flow
rate was varied between 20.94 and 10.5 ml/min to
reduce or increase the residence time. Samples were
recovered after 30 and 60 min and were tested. Arsenic was reduced from all samples nearly to WHO’s
allowable limit in case of 60 minutes residence time,
whereas, for 30 min time for those which were still
slightly higher than WHO’s limit. Results for arsenic
concentrations before and after treatment and the
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Fig. 10: Effect of residence time on removal efficiency
Fig. 7: Comparison of different Absorbent Bed
Heights(ABHs)

arsenic removal efficiency are presented in Figure 9 and
10 respectively.

4

Fig. 8: Effect of adsorbent bed height on removal
efficiency

Fig. 9: Effect of residence time on arsenic concentration

Conclusion

The fabricated fixed adsorbent bed column treatment
system due to its easy operation, maintenance and
cheap adsorbent media is a suitable domestic approach
for arsenic removal for poor community areas. Rice
Husk being bio-material, cheap and locally available
has proven to be effective in underprivileged areas. In
this study, a fixed adsorption bed column was fabricated from glass column and rice husk (as absorbent
material). The geometry of the column was taken
into consideration including constant inside column
diameter and constant column height in accordance
with recent research work with some modifications to
reduce the capital cost. Experiments were carried out
at three different bed heights: 25 cm, 30 cm and 35
cm, and a wide range of feed arsenic concentrations,
and two residence times. Each ABH has given different
removal efficiency, however, 30 cm bed height resulted
in optimal results. This ABH was used for 60 minutes
that gave the removal efficiency of 80-90%. Regarding
the use of this contaminated rice husk material, it can
be recommended to use as a binding material with
Portland cement. Besides, this consumed biomass can
be used as an insulating agent for cement/insulation
panels and roof sheets. Whereas, Computational Fluid
Dynamics (CFD) studies are highly recommended to
investigate other factors in adsorption column such
as porosity, different adsorbing materials and variable
geometries.
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Abstract
Concrete is the most important and most consumed construction material in global construction industry. The
properties of concrete are greatly influenced by properties of its constituents and curing methods utilized for
preparation of specimens. This study is focused on investigating the influence of three common curing methods,
i.e., ponding, sprinkling and wet cover curing on compressive strength behavior of concrete. In total, 45 cubes were
casted and tested after curing for 3, 7, 14, 28 and 56 days. The obtained results suggest that ponding method of
concrete curing is most effective among all the three methods of concrete curing considered in this study. After
ponding, the performance of concrete cured with wet cover curing method was quite acceptable. Moreover, the
study also suggested that sprinkling method of curing gives lowest compressive strength due to greater moisture
movement which abates the hydration of binder in concrete. This study will be helpful for construction practitioners
in deciding the best-suited curing method under given conditions and available methods of preparation of concrete.

Keywords—Concrete, Curing, Curing Methods, Compressive Strength
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1

Introduction

C

oncrete is being widely adopted as construction
material since ages because of its availability,
versatility and durability [1]. It is a man-made
construction material composed of cement, fine
aggregates, coarse aggregates and water [2][3]. The
cement in concrete acts as a binder that sets and
hardens other components of concrete together while
the aggregates are employed for adequate bonding [2].
This process of setting and hardening of cement is a
chemical process called as hydration which is caused
and accelerated by water used for curing of concrete
[4]. As the hydration of cement is an exothermic
chemical reaction that emits considerable amount of
heat, the curing temperature below 10◦ C i.e. 50◦ F is
not acceptable [5]. The improper curing of concrete
can result in loss of half of its strength and proper
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curing of concrete ensures 90% attainment of concrete
strength [6]. For proper curing, adequate moisture
and temperature should be provided to concrete [5].
Hence, the curing of concrete is of extreme importance
as it ensures the attainment of design strength and
decreases the occurrence of surface cracks [4].
Curing not only reduces the shrinkage and
permeability loss, but it also protects it from
strength and durability losses, essentially on early
days of strength gain [5]. The prime purpose of
concrete curing in early age is to provide concrete
enough amount of water for strength gains [6]. Based
on conditions and availability, various methods for
concrete curing are employed such as curing with
gunny bags, curing with potable water, air curing,
polythene curing, steam curing, ponding, sprinkling,
wet covering etc. [5][7][8].
The curing of concrete with potable water involves
sprinkling and/or ponding methods. In sprinkling
method, the concrete is sprayed by water and
in ponding method, concrete specimens are kept
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immersed in water for certain curing regimes [5]. The
gunny bags curing and/or polythene sheet curing
fall under the category of curing with wet covering.
The concrete samples are kept under gunny bags,
polythene sheets and/or wet burlaps for providing
moisture to concrete matrix for hydration process
[9]. Similarly, in air curing, the concrete units are
placed in stacks at room temperature to allow free
flow of ambient air for curing [8]. The claim has
been made [8] that the concrete cured by air exhibits
10%-20% lesser strength than the concrete cured
by water. The behavior of concrete incorporating
recycled aggregates at replacement levels of 0%, 25%,
50% and 100% under different curing methods i.e. air
curing, water curing and painted curing was studied
[10]. The study concluded that curing with paint
materials was beneficial for strength gain except in
case of 100% replacement of aggregates. Moreover, the
concrete cured by water showed greater strength than
the concrete cured by air [10]. Similar results were
obtained as the authors in [11] concluded that concrete
cured by ponding (immersing in the water) showed
greater compressive, tensile and flexural strength than
the concrete cured by air and wet plastic film. For
hot weather conditions, the wet burlap sheet covering
method was suggested [12]. This study also urged
that a mini-mum of 3 days wet burlap curing should
be ensured for rich concrete mixes and similarly,
7 days wet burlap curing for lean concrete mixes
should be ensured [12]. It is very much necessary
that the minimum curing period should be optimized
in relation to the required proper-ties of concrete
as the concrete mixtures prepared with pozzolanic
admixtures are more sensitive than the plain concrete
[13]. It is a well-established fact that curing of concrete
provides strength to concrete matrix. Moreover, the
curing days also influence the strength development
process in concrete units.
This study, therefore, aims at checking the influence
of various curing methods and curing days on
compressive strength of plain cement concrete. The
study compared the influence of ponding, spraying
and wet cover curing on compressive strength of
un-reinforced concrete. The curing regimes were
selected as 3, 7, 14, 28 and 56 days.

2

Materials and Methods

The materials utilized in this study are basic components of plain cement concrete, i.e., aggregates,
cement and water. The potable water with pH value
of 7.4, complying to requirements prescribed in [14]

Oxide
SiO2
CaO
M gO
N a2 O
Al2 O3

30

Percentage
20.67%
59.63%
3.66%
0.12%
6.03%

Oxide
F e2 O3
SO3
K2 O
LOI
-

Percentage
3.2%
2.49%
0.67%
8.44%
-

TABLE 1: Chemical composition of ordinary portland
cement
Curing
Methods
Ponding
Sprinkling
Wet Cover
Curing
Total Cubes

3
Days
3
3
3

Number of Cubes
7
14
28
Days Days Days
3
3
3
3
3
3
3

3

3

56
Days
3
3
3

3x3x5= 45

TABLE 2: Details of concrete cubes prepared for compressive strength test

was utilized for preparation of concrete. The Ordinary
Portland cement (OPC) of Grade 43 conforming to
prescriptions set in [15] was used for conduct of this
research. The chemical composition of OPC is detailed
in Table 1. The initial and final setting time of cement
was 50 minutes and 214 minutes respectively. The
fine and coarse aggregates conforming to guidelines of
[16] were utilized. The water absorption and specific
gravity of fine aggregates was 1.25% and 2.5. Similarly,
the water absorption and specific gravity of coarse
aggregates was 2.67% and 2.71.
The concrete mix ratio was maintained as 1:1.5:3 and
the targeted strength was 25 MPa. For preparation of
concrete specimens prepared for compressive strength
test, the standards of [17] were strictly followed. In total, 45 number of cubes of size 150×150×150 mm were
casted for compressive strength testing as detailed in
Table 2. The universal testing machine (UTM) was
used for compressive strength testing of cubes at the
end of the respective curing age in accordance with
guidelines of [18]. For curing of concrete specimens,
three methods i.e. ponding, sprinkling and wet cover
curing were considered, and the results were compared.
For curing of concrete specimens via ponding method,
the concrete cubes were immersed completely in the
water for respective curing ages. Throughout this process, the average laboratory temperature equivalent to
standard room temperature was maintained in order
to avert the possible thermal stresses that could further lead towards development of cracks. As ponding
ensures continuous supply of moisture and uniform
temperature, it is considered to be an ideal method for
curing. For curing via sprinkling method, the concrete
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Curing
Method
Ponding
Sprinkling
Wet Cover
Curing

Compressive
Strength (MPa)
7 Days 28 Days
16.83
25.93
15.32
25.52
16.62

25.83

31

Percentage
Difference
7 Days 28 Days
-8.97%
-1.58%
-1.25%

-0.39%

TABLE 3: Percentage difference of compressive
strength values at 7 & 28 days of curing

Fig. 2: Relation between curing methods, curing ages
and compressive strength of concrete cubes.

Fig. 1: Demonstration of various curing methods involved.

specimens were periodically showered with potable water available in the laboratory. However, as sprinkling
re-quires supply of ample amount of water and careful
supervision, the cost and human resource involved in
it can be a major point of concern. In addition, the wet
cover curing method employed the wet sheets in order
to maintain the presence of water on the outer surface
of complete area of concrete cubes. The wet coverings
were provided to the cubes soon after the acquirement
of enough strength by concrete cubes in order to prevent the possible surface damage, especially on edges.
Figure 1 shows these three methods of concrete curing,
adopted in this study.

3

Results & Discussion

This study involved checking the influence of three
common curing methods i.e. ponding, sprinkling and
wet cover curing on compressive strength behavior of
concrete cubes. The cubes were subjected to curing for
3, 7, 14, 28 and 56 days. The concrete cubes were tested
for compressive strength and it was observed that
the ponding method of curing provided more strength
than the wet cover curing method of curing followed by
sprinkling method. The results are detailed in Table
3 in terms of percentage difference of compressive
strength values obtained at testing after 7 and 28 days
of curing of concrete cubes.

It was also observed that role of curing regimes was
very crucial and important for strength development
in concrete cubes. The curing of concrete by ponding
helps in balancing the heat of hydration and aids
in adequate strength development phenomenon. The
heat of hydration is basically balanced and maintained
through low porosity behavior caused by hear of hydration which results in loss of moisture. Moreover,
the strength loss in sprinkling method is because of
increased moisture movement from concrete which results in early drying of the concrete, ultimately abating
the entire hydration process. The concrete cured by
ponding method was helpful in achieving the design
strength of structural concrete i.e. 25 MPa. These
results are in agreement with those obtained in [4] and
[5]. The results are graphically illustrated as under in
Figure 2.

4

Conclusions & Future Recommendations

The present study investigated the effect of various
curing methods i.e. ponding, sprinkling and wet cover
curing and curing days i.e. 3, 7, 14, 28 and 56 days on
compressive strength of concrete cubes.
• The results depicted that sprinkling provides lowest of compressive strengths ob-served in this
study
• Although, the ponding method of concrete curing
provided greater strength than that provided by
sprinkling method, the performance of concrete
cured with both methods was quite comparable.
• Considering the results, this study recommends
ponding method for curing of concrete.
Moreover, the effects of other methods say as air
curing, solar curing, wet hessian curing and polythene
sheet curing, steam curing etc. on strength behavior of
concrete should also be studied in detail. In addition,
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other properties such as tensile and flexural strength
values, fire and abrasion resistance, cracking behavior,
permeability and durability of concrete can be checked
for concrete subjected to different curing methods and
curing days.
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Analysis of Tensile Strength, Hardness and Impact Energy of SAE1040 Steel
Using Heat Treatment Processes
Qadir Bakhsh Jamali1,* , Muswar Ali Farhad1 , Abdul Sattar Jamali1 , Muhammad Sharif Jamali2 , Arshad
Hussain2 , Fida Hussain2
1

Department of Mechanical Engineering, QUEST, Nawabshah
Department of Mechanical Engineering, MUET, Jamshoro
*
Corresponding author: qjamali@quest.edu.pk
2

Abstract
A systematic study was carried out to improve the mechanical properties of medium carbon steel grade SAE 1040
by heat treatment processes. Test specimen were prepared according to ASTM standards. Test specimen were
heat treated in Gas furnace at austenitization temperature of 700◦ C to obtain fully austenite structure, soaked for
90 minutes, cooled in air and furnace, and quenched in water separately. Mechanical properties such as hardness,
tensile strength, yield strength, breaking strength, Young’s Modulus, elongation and impact energy were investigated
in this study. It was observed that water quenching enhances materials’ hardness, tensile strength, yield strength,
breaking strength and Young’s Modulus while reducing the elongation and impact energy as compared with untreated
specimen. Furnace cooling decreases materials’ hardness, tensile strength, yield strength, breaking strength, Young’s
Modulus while increasing the elongation and impact energy as compared with untreated specimen. Air cooling
improved the materials’ mechanical properties such as hardness, tensile strength, yield strength, breaking strength,
Young’s Modulus, elongation and impact energy as compared with untreated specimen. The results of this study
show that the heat treatment technique greatly influences the mechanical properties of medium carbon steel grade
SAE 1040.
Keywords—Heat treatment, mechanical properties, SAE 1040, air cooling, furnace cooling, water quenching.
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1

Introduction

T

he initiation of industrial revolution implies that
humanity has started to enter the steam era of
metal machines. Throughout history, wealth, living
standard and status of a nation within the international community have benefited directly from the
manufacturing capability of the nation. Affordability and the quality of manufactured products enable transportation systems, health care, generation of
energy and its distribution, construction, education,
banking and almost every aspect of modern lifestyle
[1]. Manufacturing encompasses the conversion of raw
materials (which are commonly brought in plain or
shapeless forms) into manufactured products. These
products are manufactured with different shapes,
structures and properties to meet various requirements
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[2].
Steel is the metal that is used the most on earth
and the most recycled. Steel in its number of forms
and alloys, from high temperature and stainless steel
to flat carbon products to suit a wide range of applications, offers a wide range of properties. Steel is
now being used in countless products because it has
the combination of high strength from the metal and
a comparatively lower cost of production. Transport,
construction, packaging, appliances and industry sectors are the main division where steel is being widely
used. Wide usage of steel is because of two main
reasons: (1) it is rich in the earth’s crust in the form
of ferric oxide (Fe2O3) and little energy is needed
to convert it to iron (Fe), and (2) a wide range of
micro-structures and other mechanical properties can
be developed [3].
Heat treating involves manipulating solid metals or
alloys by heating and cooling to acquire the necessary micro-structures by refining the size of grains
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and a combination of mechanical properties. Structural metal material’s mechanical properties are the
functions of its micro-structure with some chemical
composition. The primary objective of heat treatment
technique is to improve or control the mechanical properties by influencing the micro-structure to fulfill the
requirements that are restricted to a specific object,
either for use or to be subjected to a forming or machining technology [4]. Although, there are thousands
of steel specifications, medium carbon steel contributes
to more than three quarters of the overall steel output
because it is a cheap, ductile and hard material with
essential properties such as casting, working and machining which can also offer a wide range of properties through simple heat treatments. Medium carbon
steel is a material of great versatility and utility. It
can be machined and worked into complex shapes
with minimal cost and good mechanical properties. In
machining, various materials are accessible for manufacturing of machine parts in which medium carbon
steel, because of its own mechanical properties (high
strength and toughness etc.), plays a vital role in the
manufacturing of crankshafts, couplings, gears, shafts,
axles, bolts, studs, screwdrivers, pliers and many other
engineering applications [3].

2

Literature Review

Specimen steel containing 0.2%, 0.4% and 0.6% carbon were heated at 977◦ C for 4 hour, specimen were
then cooled in furnace and air and quenched in water
separately. Cooling rate difference appears to have a
dramatic effect on steel’s micro-hardness depending on
the carbon fraction in steels. By increasing the fraction
of carbon in steel and cooling rate, the micro-hardness
increases as a result of martensite phase formation and
solid solution hardening. Therefore, heat treatment is
being utilized to attain desired properties of steels,
e.g., toughness, ductility or residual stress removal [3].
Specimen of steel grade AISI 1040 were heated at
temperature of 723◦ C and 750◦ C, and then cooled
in still air and furnace and quenched in water. It
was investigated whether hardness totally depends on
temperature and method of cooling. The specimens
quenched in water showed highest hardness value when
compared with the air-and-furnace cooled specimens.
Furnace cooling from austenitization temperature of
750◦ C, indicated minimum hardness values [4]. Since
steel contains 0.33% carbon, specimen were austenitized between 900◦ C– 980◦ C and held for 45 minutes in
a muffle oven, then immediately quenched in water and
palm oil separately. Tensile strength and hardness was
found to improve when compared with casted specimen. However, palm oil quenched specimens exhibited
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better mechanical properties combination compared
other media-quenched specimen. This behavior is due
to the fact that more undeviating and evenly distributed carbon particles in palm oil-quenched specimens result in the formation of an additional pearlite
structure [5].
In this work, specimens from low, medium and high
carbon steel grades were heated at 900◦ C for 20
minutes, then cooled in furnace and quenched in oil
and water separately to improve the toughness of the
material. Despite the heat treatment process, absorbed
energy depends to some degree on the content of
carbon in steel. Steel with a lower carbon content
has the highest absorbed energy. The absorbed energy
of low/medium carbon steel improves with the heat
treatment process, but in case of high carbon steel,
does not significantly improve the energy absorption
with heat treatment. In fact, water-based caustic ants
quench parts even faster than oil and water quenched,
medium-carbon steel and low-carbon steel specimens
show greater toughness than water quenching [10].
The study investigated the influence of tempering
temperature on heat treated medium carbon steel
(Grade C 35 Mn 75). Firstly, the specimen austenitized
at a temperature of 900◦ C soaked for 1hour, then
water quenched, and then followed by tempering at
the temperature of 250◦ C, 350◦ C, 450◦ C, 550◦ C for
each tempering time interval. The tempered specimen
was found higher in tensile strength and hardness
than the casted specimen. Tempered specimen gave an
increase in the percentage of elongation and toughness,
while decreasing the tensile strength and hardness as
compared to the hardened specimen.
When tempering temperature increases, toughness or
impact energy of the steel also gradually increases.
The result shows a higher value of yield strength at
a tempering temperature of 350◦ C. The percentage of
elongation has lower value at 450◦ C as compared to the
other tempering temperature [6]. Researchers investigated the medium carbon steel, analyzed the specimen
at temperature of 977◦ C for 4 hour, then cooled in
furnace, air, water [3]. Specimen were heated at 723◦ C
and 750◦ C, and then cooled in still air, furnace, water
[4]. Specimen were heated between 900◦ C – 980◦ C held
at for 45 minutes in a muffle oven then immediately
quenched in water and palm oil separately [5]. In this
study, specimen of medium carbon steel grade SAE
1040 were heated at the temperature of 700◦ C, soaked
for 90 minutes, cooled in furnace and air, and quenched
in water. Improvement of the mechanical properties of
steels by using heat treatment technique is used. In
this technique, the heat treatment temperature and
medium of cooling plays vital role in the improvement
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C
0.37 - 0.44

Fe
98.6 - 99

Mn
0.60 - 0.90

P
0.040

35

S
0.05

TABLE 1: Chemical composition of SAE 1040 by wt.
%.

(a)

Fig. 2: Hardness of test specimen austenitized at
700℃, soaked for 90minutes then cooled in furnace,
air and water
gas furnace. Furnace took 5 minutes to reach 700◦ C
and the total time specimen remained in the furnace
was 90 minutes. The specimens were then cooled in air
and furnace and also quenched in water.

3.3
(b)

Fig. 1: Hardness of the specimen (a) before polishing
and (b) after polishing
of mechanical properties of steel. It is necessary to use
appropriate heat treatment temperature, soaking time
and cooling conditions.

3

Mechanical Properties

Tensile test specimen were tested by computer based
universal testing machine (UTM). Impact energy was
tested with Izod impact tester. For hardness test,
indention surface of specimen were polished using
polishing machine, as shown in Figure 1. Hardness test
was conducted with Brinell hardness testing machine
with a scale HB/30 = Brinell hardness with a ball of
2.5 mm diameter, and with a test force of 187.5 N (19
kgf) applied for 15 second.

Experimental Setup

The material SAE 1040 was purchased from local market in Karachi, Pakistan. The chemical composition in
weight percentage of medium carbon steel Grade SAE
1040 material was used for investigation, as shown in
Table 1.
3.1 Test Specimen Preparation
Before to heat-treatment specimen were prepared according to ASTM standards. Tensile specimen were
prepared according to ASTM E8/E8M standard [7].
Im-pact specimen were prepared according to ASTM
E23-07a standard [9]. Hardness specimen were prepared according to ASTM E10-12 [8].
3.2 Heat Treatment
Specimen were austenitized at 700◦ C, then cooled at
different cooling mediums. Specimen were heated in a

4

Experimental Results

This section presents the test results obtained by the
experimental work.

4.1

Hardness

Hardness of untreated and heat-treated specimen
results are illustrated in Figure 2 and Table 2. When
material is heated at 700◦ C, soaked for 90 minutes,
then cooled in air and furnace, and quenched in water
separately, it was observed that the furnace cooling
lowers the hardness, while cooling in air and quenching
in water increases the hardness as compared to the
received specimen. Highest hardness was observed in
water quenching.
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Fig. 3: Tensile strength of test specimen austenitized
at 700℃, soaked for 90minutes then cooled in furnace,
air and water
4.2

Impact Energy

When material is heated at 700◦ , soaked for 90
minutes, cooled in air and furnace, and quenched in
water separately, it was observed that air and furnace
cooling increase the impact energy as compared to
the untreated specimen. Whereas, water quenching
at austenitization temperature lowers impact energy.
Highest impact energy was obtained by furnace
cooling. Impact energy of untreated and heat-treated
specimen results are illustrated in Figure 4 and Table
2.

5

Fig. 4: Impact energy of test specimen austenitized at
700℃, soaked for 90minutes then cooled in furnace, air
and water

Tensile Strength

Throughout tensile strength measurement, additional
tensile properties such as yield strength, breaking
strength, Young’s Modulus and elongation were
analyzed. When material is heated at 700◦ C, soaked
for 90 minutes, cooled in air and furnace, and quenched
in water separately, furnace cooling lowers the tensile
strength, yield strength, breaking strength, Young’s
Modulus, but increases elongation. Whereas, cooling
in air and quenching in water increases the hardness
as compared to thereceived specimen. Highest tensile
strength was observed in water quenching and highest
elongation was observed in furnace cooling. Tensile
strength of untreated and heat-treated specimen
results are illustrated in Figure 3 and Table 2.

4.3

36

Analysis & Discussion

Quenching is a rapid cooling rate compared to air and
furnace cooling. It changes the crystalline structure
of the steel. It can be left with a stronger, more
brittle micro-structure, such as martensite or bainite,

depending on the carbon content and other alloying
elements of the steel when it undergoes the quench
hardening process. These micro-structures allow the
steel to have increased strength and hardness. They
do, however, leave the steel liable to cracking and with
a great reduction in ductility. For this cause, following
the quench hardening process, some steels are annealed
or normalized [3]. Water quenching at austenitization
temperature 700◦ C, increases the hardness by 137.7%,
tensile strength by 11.4%, yield strength by 79.28%,
breaking strength by 26.86%, Young’s Modulus by
2.78%, but lowers the elongation by 10.49% and impact energy by 27.84% as compared to the untreated
specimen.
Air cooling at austenitization temperature is usually
known as normalizing process. Continuous cooling
means, as the name suggests, that the steel temperature falls in a continuous manner rather than abruptly
plummeting, as observed in water quenching. Steel will
have ferrite in the pre-austenite grain boundaries surrounded by pearlite [3]. Air cooling at austenitization
temperature 700◦ C improves the hardness by 39.34%,
tensile strength by 5.87%, yield strength by 35.95%,
breaking strength by 0.57%, Young’s Modulus by 2%,
elongation by 17.75% and impact energy by 13.4% as
compared to the untreated specimen.
Furnace cooling is often known as annealing process.
Annealing produces the fully ferritic structure. Ferrite
is a soft and ductile structure which in turn lessens
the materials’ hardness and ductility [3]. Furnace cooling at austenitization temperature of 700◦ C lowers
the hardness by 22.13%, tensile strength by 1.64%,
yield strength by 0.51%, breaking strength by 4.08%,
Young’s Modulus by 0.43%, but increases the elongation by 67.94% and impact energy by 84.12%.
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Conclusion

In this paper, a study to improve the mechanical properties of SAE 1040 by controlling the heat treatment
conditions was presented. After heat treatment, the
specimens were tested according to ASTM standards.
The following conclusions are drawn on the basis of the
current analysis:
1) In order to improve the mechanical properties
of steel, it is important to properly choose the
austenitizing temperature, the holding time and
the cooling condition.
2) Heat treatment at austenitizing temperature of
700◦ C for 90 minutes followed by quenching in
water resulted highest value of hardness, tensile
strength, yield strength, breaking strength, and
Young’s Modulus as compared to the untreated
and furnace and air cooled.
3) Highest values of impact energy and elongation
were observed in furnace cooling at austenitization temperature of 700◦ C soaked for 90 minutes.
4) Air cooling at austenitizing temperature of 700◦ C
for 90 minutes improves the mechanical properties
as compared to the untreated specimen.
5) Difference of cooling rate in furnace, air and water
media highly influenced the mechanical properties, i.e. fast cooling rate enhanced the mechanical properties hardness, tensile strength, yield
strength, breaking strength, and Young’s Modulus. Whereas, the slow cooling rate enhanced the
impact energy and elongation.
This study concluded from the overall results that
the mechanical properties of grade 1040 cast steel are
improved by the use of heat treatment processes.
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Abstract
Concrete is the most used building and construction material globally due to the ease of availability and durability. It is
a well-known fact that concrete can easily withstand compressive stresses; however, it fails under tension. To improve
this deficiency, steel bar reinforcement has been used. However, with the steel reinforcement, additional permanent
self-weight is transferred on the structure and is prone to corrosion. Hence, engineers and researchers have been
working to search for more sustainable reinforcing material that could be cost-effective and simultaneously increase
tensile strength. This experimental work was carried out to study the influence of long (38.1 mm) polypropylene
(PP) fibres on the workability and mechanical strengths (compressive and flexural) of concrete. Three different
fibre fraction content, 0.20%, 0.25% and 0.30% were selected to reinforce concrete. A total of 12 cylinders of
300mm × 150mm dimension (3 cylinders per mix) and 12 beams of 609.6mm × 304.8mm × 101.6mm dimension (3
beams per mix) were used to determine the compressive strength and flexural strength after the samples achieved 28
days curing. Based on the results, it can be observed that longer fibres do not significantly influence the compressive
strength as much as they do on flexural strength. Furthermore, longer length fibres, like shorter fibres, obstruct the
workability of concrete. Comparing with previous findings, it can be concluded that for patching of macrocracks,
longer length PP fibres should be used.

Keywords—Compressive Strength, Fibre Reinforced Concrete, Flexural Strength, Polypropylene Fibres, Workability
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1

Introduction

C

oncrete is one of the best inventions of human
being and is the second most-consumed substance in the world, just after water. The availability, durability and flexibility have made concrete the
most preferred building and construction material in
the world [1][2]. It is being used in vast civil engineering applications ranging from the construction of
residential houses to high rise buildings, bridges to
dams, airports to nuclear plants, etc. [3]. However,
since its invention, concrete has been known to be
robust under compressive loading while relatively weak
under tension. To overcome this weakness of concrete,
researchers and engineers tried to transform the brittle behaviour of concrete into ductile and improve
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.06
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

the tension deficiency with the help of reinforcement
steel bars. Although the Reinforced Cement Concrete
(RCC) with steel bars has changed the behaviour of
concrete while enhancing the mechanical properties of
concrete, the reinforcing of concrete with steel bars
does come at a price. The self-weight of concrete itself
is high due to the higher density of normal weight
concrete. Still, this self-weight with the reinforcement
steel bars exponentially increases, causing increased
permanent load on the structures. The steel bars are
prone to corrosion; once the corrosion occurs, concrete
can be severely damaged from within [4]. Reinforcing
concrete with more sustainable material than steel
bars has become essential.
Researchers have focused on the utilization of different types of Fibres to Reinforce Concrete (FRC).
With the exception of fibres, the FRC is the same type
as conventional concrete. FRC consists of hundreds of
small fibres uniformly scattered and distributed evenly
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in concrete during mixing. The key characteristics of
fibre reinforcement, making it more appealing than the
steel bar include the following.
1) The utilization of steel reinforcement is more or
less depending upon where it is necessarily required, whereas, the fibres can be spread along
the cross-section.
2) Unlike steel bars, which are continuous and relatively spaced, the fibres which could be used as reinforcement material differ in length, despite the
variation, the fibres are still shorter and widely
spaced than steel bars.
3) The same fibre reinforcement area as steel bars is
usually not feasible.
4) The FRC is more hardened and impact-resistant
than ordinary concrete.
The primary purpose of FRC is not just to enhance the strength, but to change the concrete’s
behaviour. With the addition of fibres, concrete can
change from brittle to ductile, as shown in Figure
1. This behavioural improvement is accomplished by
bridging these cracks, supplying the concrete with
some post-cracking ductility. In addition to the behavioural change, the fibres enhance other properties
such as control cracks, increase the tensile, flexural and
fracture strengths, durability and impact resistance,
etc. [5][6]. FRC efficiency depends on the fibre type
used. Over the years, various types of fibres have
been manufactured worldwide, and these fibres range
from synthetically organic (polypropylene fibres) and
inorganic (steel or glass), natural organic (cellulose
or sisal) to inorganic (asbestos) [7]. Concrete mix
design is not needed when using these fibres in concrete. Among the fibres used in FRC, hydrophobic
polypropylene (PP) fibres do not absorb water, making it a revolutionary fibre that can improve tensile
and flexural capabilities, resilience and resist cracking.
This experimental study focuses on the influence of
long (38.1 mm) PP fibres when used at 0.20%, 0.25%
and 0.30% fibre fraction content on the workability,
the compressive and flexural strength of concrete.

2

Related Work

Most of the buildings are constructed of concrete and
steel, known as RCC structures. Steel bars are used
as reinforcement to overcome the tensile deficiency
of con-rete. However, steel bar reinforcement has a
significant disadvantage, one being easily corroded and
additional self-weight in the form of permanent load.
Furthermore, the addition of steel bars increases the
cost of structures and require continuous repair and
maintenance is also needed to increase the life span of
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Fig. 1: Change in Behaviour of Concrete Due to Fibres
Reinforcement [4].

structures. Different methods or strategies are used in
building to eliminate civil structure failure [8]. Various
fibres are used as reinforcement in concrete to mitigate
cracks. This fibre-adding technique increases tensile
strength, resilience, cracking and deformation of civil
engineering structures. But a drawback of this technique becomes apparant when these composites are
exposed to some marine environment. Due to surface
blistering, adhesive bond strength decreases, resulting
into de-lamination [8].
Jhatial et. al. [9] used steel fibres to reinforce concrete, and it was found that with reinforcing concrete
with the steel fibres, the workability decreased significantly. The higher the steel fibre content, the lower the
workability. However, despite the reduced workability,
it was reported that steel fibres improved the ductility behaviour of concrete and achieved 18.57% and
51.72% increase in compressive and flexural strengths,
respectively. It was found that 3% fibre content was
optimum. These findings were confirmed by Ali et. al.
[10].
Apart from steel fibres, plastic fibres were used to
reinforce concrete, Lakhiar et. al. [11] and Keerio et.
al. [12] used 0% to 1% plastic fibres with an increment
of 0.2% as reinforcement material and studied the
flexural strength of the concrete. It was found that
the workability of concrete slightly reduced with the
addition of plastic fibres, which was attributed to the
fibres’ resistance to flow. The flexural strength showed
an increase of up to 16.5% and the optimum plastic
fibre content was found to be 0.6%.
Despite the vast number of fibres that could be
used in FRC production, PP fibres stand out as the
most liable and preferred fibres to use as a reinforcement material. Polypropylene is a polymerized
propylene, a by-product of petroleum refining [13]. The
utilization of PP fibres as a reinforcement material
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Property
Length (mm)
Specific Gravity
Reaction with water
Tensile strength at break (psi)
Elongation at break (%)
Water absorption (%)
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Value
38.1
0.90 – 0.91
Hydrophobic
4500 – 6000
100 – 600
0.01 - 0.03

TABLE 1: Properties of polypropylene fibers

influence of even longer PP fibres on the properties of
concrete.
Fig. 2: Influence of (a) short fibres and (b) long fibres
on the on micro-cracks and macrocracks, respectively

in concrete helps in withstanding tensile stresses, by
developing a bridge in the concrete matrix, which controls the cracks’ propagation. Due to these properties,
PP fibres have been added over the years in different
concrete forms, ranging from standard traditional concrete to lightweight foamed concrete.
Memon et. al. [4] reinforced concrete with two different PP fibre lengths (12.7 mm and 25.4 mm) and
three different contents (0.20%, 0.25% and 0.30%).
It was found that fibre length had a significant influence on the properties of concrete. Furthermore, it
was reported that short length fibres achieved higher
compressive strength with the gradual increase in fibre content but lower flexural strength. In contrast,
a reduced compressive strength was achieved with
longer length fibres; however, the flexural strength was
still higher than the control sample. This behaviour
was attributed to the merging of micro-cracks to become macro-cracks when the load is increased. Shorter
length fibres are not able to cover macro-cracks, thus
are ineffective. The shorter length PP fibres are more
useful only when there are micro-cracks, as shown in
Figure 2. Foamed concrete, being of lower density, is
more prone to cracking; therefore, Jhatial et. al. [14]
investigated the impact on the mechanical properties
of foamed concrete with PP fibres’ addition. It was
reported that the addition of PP fibres enhanced
the mechanical strength of foamed concrete. It was
found that using 0.15% PP fibres produced the highest
increase in mechanical properties. Interestingly, the
addition of PP fibres in foamed concrete improved
the thermal properties [13]15] by reducing the thermal conductivity value of foamed concrete. This was
attributed to the hydrophobic nature of PP fibres.
However, previous research [4][13][14][15] on the PP
fibres have utilized shorter or medium size (12.7 to 25.4
mm) fibres, and there is a lack of understanding on the

3

Methodology

To study the influence of longer PP fibres, plain cement concrete was prepared. Attock cement was used,
which is CEM 1, class 42.5 N and adheres to EN 1971:2011 [16]. The fine aggregates which were obtained
from Bolhari quarry were sieved through 4.75 mm,
and coarse aggregates obtained from Petaro crushing
plant was sieved through 20 mm and oven-dried to
remove the excess moisture, and then kept in air-tight
plastic bags till casting. An M20 grade, concrete was
prepared using 1:2:4 ratio, and the water-cement ratio
of 0.50. Furthermore, 38.1 mm long PP fibre (Fig. 3a)
was used to reinforce the concrete at 0.20%, 0.25%
and 0.30% fibre fraction volume. The properties of PP
fibres are shown in Table 1. The raw materials, which
include the ordinary Port-land cement and aggregates,
were placed in the concrete mixer and allowed to mix
and the water was gradually added. Afterwards, the
PP fibres were thrown into the mix slowly to ensure
uniform distribution of PP fibres throughout the mix.
The workability of the concrete reinforced with PP fibres was determined using slump loss. Afterwards, the
mixture was poured into the mould, which was kept in
the open air for 24 hours before being demoulded and
placed in the water tank for 28 days.
After proper water curing, the cylindrical samples of
300mm × 150mm dimension, were taken out of the
water tank, and tested for compressive strength, as
shown in Figure 3b, according to BS EN 12390-3:2019
[17]. The beam specimens of 609.6mm × 304.8mm ×
101.6mm, as shown in Figure 3c, were tested for
flexural strength, according to BS EN 12390-5:2019
[18].

4
4.1

Results & Discussion
Workability

The workability of concrete mixes was recorded using
a slump cone as per the specifications set in ASTM
C143 [19], and is illustrated in Figure 4. It can be seen
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(a) 38.1 mm polypropylene fibres

(b) compressive strength test setup
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(c) Flexural strength test setup

Fig. 3: Illustration of compressive strength
Mix

PP
Fibre
Content

M1
M2
M3
M4

0%
0.20%
0.25%
0.30%

Compressive
Strength
(MPa)
22.46
24.22
20.62
21.14

Difference
w.r.t. to M1
(%)
—
+ 7.84
-8.19
-5.88

TABLE 2: Compressive strength of concrete

Fig. 4: Influence of 38.1 mm long PP fibre on the
workability of concrete

that with the addition of PP fibres, the workability is
severely affected. This can be attributed to the longer
length of PP fibres, which cause hindrance. The higher
fibre content the further reduction in workability is
obtained.
4.2

Compressive Strength

Table 2 and Figure 5 depict the average compressive
strength of concrete and the influence of 38.1 mm
long PP fibres. It can be observed that the concrete
(M1) with 0% PP fibres, achieved 22.46 MPa. With
the addition of 0.20% PP fibres (M2), the compressive strength increased up to 7.84% compared to the
M1 sample. However, a further increase in PP fibre
content reduced the compressive strength than the
control (M1) samples. The similar trend was reported
by Memon et. al. [4] and Phulpoto et. al. [20] who
compared shorter length (12.7 mm) andmid-length
(25.4 mm) PP fibres. This could be attributed to
the fact that longer PP fibres cause an increase in
permeability in concrete; therefore, higher the fibre
content, the increase in permeability which directly
influences the compressive strength of concrete.

Fig. 5: Influence of 38.1 mm long PP fibre and fibre
content on the compressive strength of concrete

4.3

Flexural Strength

The Table 3 and Figure 6 present the flexural strength
of concreteand influence of 38.1 mm long PP fibres.
It can be observed that an increase in PP fibres
causes a significant increase in the flexural strength
of concrete. In contrast to the behaviour observed
during the compressive strength testing, the M3 and
M4 samples with 0.25% and 0.30% PP fibres exhibited
higher flexural strength than the control sample M1.
Similar behaviour was also reported by [4]. In the interfacial zone, the micro-cracks are initially developed
when the concrete is subjected to tensile stresses. With
the gradual increase in the tensile stress, these small
random micro-cracks propagate and merge into larger
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Mix

PP
Fibre
Content

M1
M2
M3
M4

0%
0.20%
0.25%
0.30%

Compressive
Strength
(MPa)
3.83
3.79
4.38
3.92
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Difference
w.r.t. to M1
(%)
—
-1.04
+ 14.36
+ 2.35

TABLE 3: Flexural strength of concrete

Fig. 7: Compressive-flexural strength relationship of
concrete reinforced with PP fibres

Fig. 6: Influence of 38.1 mm long PP fibre and fibre
content on the flexural strength of concrete

cracks (macrocracks), and ultimately end up causing
the concrete to fail.
As reported by Memon et. al. [4], shorter PP fibres
help bridge smaller micro-cracks, as shorter PP fibres
occupy smaller space than longer PP fibres. Thus, at
the same volume, the number of shorter PP fibres are
more significant in number, and therefore, patch up
more micro-cracks more effectively. If the micro-cracks
and lower stress are the consideration parameters,
then the short fibres exhibit significant crack bridging
also enhance the tensile strength of concrete. Previous
studies [21][22] have suggested that the PP fibre reinforcement of concrete prevents the development and
propagation of micro-cracks, while reducing the overall
sizes of micro-cracks by preventing the micro-cracks
from bridging with each other, and not causing microcracks to grow any bigger. However, with the gradual
increase in stress, the micro-cracks merge together to
form larger macro-cracks, which cannot be controlled
or bridged with shorter length PP fibres. Longer PP
fibres have shown that they are better in bridging
macro-cracks and therefore the behaviour of concrete
was being enhanced and the stiffness was being increased. PP fibre bridging mechanism improves tensile
and flexural capacities. Short and long fibres are shown
in Figure 2.

4.4 Compressive-Flexural Correlation
A linear relationship was developed through statistical
procedures to assess the determined compressive and
flexural strength behaviour of concrete reinforced with
different PP fibre content at the age of 28 days. R2
value, determined through regression curve analysis,
was considered as the relationship coefficient in this
experimental work [23][24]. The regression curve line
shows the relationship between the independent variable (compressive strength) and the dependent variable (flexural strength) in the graph, as shown in
Figure 7. The developed equation, along with the R2
coefficients, is as follows.
frM 0 = 0.1111 ∗ fcuM 0 + 1.335 R2 = 0.6146

(1)

frM 1 = 0.0155 ∗ fcuM 1 + 3.4321 R2 = 0.0091

(2)

frM 2 = −2.5308 ∗ fcuM 2 + 56.575 R2 = 0.9621 (3)
frM 3 = 0.2235 ∗ fcuM 3 − 0.8055 R2 = 0.8182

(4)

Where: frM x is flexural strength of M x(M 0, M 1, M 2
and M 3) mix in MPa, fcuM x is the compressive
strength of M x(M 0, M 1, M 2 and M 3) mix in MPa,
and R2 is regression coefficient.
A general rule of thumb may be used to interpret the
correlation between the two variables based upon the
obtained R2 as follows.
1) R2 < ±0.25 → no relation
2) ±0.25 < R2 < ±0.50 → weak relation
3) ±0.50 < R2 < ±0.75 → moderate relation
4) R2 > ±0.75 → strong relation
Based upon this general thumb rule, it can be concluded that compressive and flexural strengths of concrete without any PP fibres of are of moderate relation.
While with 0.20% PP fibres, no relation exists. Furthermore, the addition of 0.25% and 0.30% PP fibres
have very strong relationship.
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5

Conclusion

This study is aimed to determine the influence of
longer length polypropylene fibres on the workability
and mechanical strength (in terms of compressive and
flexural) of concrete. Based on the results, the following conclusions can be drawn:
• The long PP fibres due to extended length obstruct the workability of concrete.
• Upon gradual increase in stresses, microcracks
merge and become macrocracks. Shorter length
PP fibres can only patch microcracks, whereas
longer length PP fibres are better suited to bridge
macrocracks.
• Longer PP fibres may not enhance the compressive strength in the same way as flexural strength.
Considering concrete is weaker in tension, the
optimum PP fibre content was found to be 0.25%.
• The length of fibre influences not only the freshstate properties of concrete, but also hardenedstate properties.
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Abstract
The disposal of solid waste in open environment is a serious alarming concern that needs immediate attention from
the researchers. The hazardous solid agro-industrial wastes which include: wheat straw ash, rice husk ash, corn cob
ash and sugarcane bagasse ash (SCBA), having pozzolanic properties, have a versatile use in concrete. The solid
pozzolana enhances the various concrete properties by the reaction of silicates with calcium hydroxide in the presence
of water, which in result generate a saturated zone of calcium silicate hydrate (CSH) gel. This C-S-H gel reduces
the amount of calcium hydroxide C(OH)2 during the hydration process of cement. Very limited research works have
been done on concrete by partially replacing cement with SCBA. This research work was focused on evaluating
the properties of concrete by partially replacing cement with SCBA at 0, 5, 10, and 15 percentages. Compressive
strength, Strength activity index, and water absorption of all mixes were examined. And it was observed that all
SCBA mixes showed an increase in compressive strength and at 10% replacement the strength activity index was at
a peak of 115.67%, but all the SCBA mixes showed a strength activity index greater than 75% which satisfied the
standard specification. The water absorption test for all SCBA mixes showed a slight increase in water absorption.

Keywords—Pozzolanic material, Sugarcane bagasse ash, compressive strength, cement replacement, Strength activity index
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1

Introduction

I

n the production of concrete, various materials and
re-sources are utilized. The process in cement production, pyro-processing (heating raw materials above
1000◦ C to bring physical and chemical changes to the
parent material), emits various amounts of gases and
utilizes a huge quantity of resources as fuel [1]. In the
contemporary world, there are two requirements of an
engineer during any construction project: protecting
the environment, and fulfilling the infrastructural requirements of the occupants. To fulfil the occupant’s
requirements, many resources are being utilized by
the construction industry, which result in creating
environmental dangers and hazards [2]. Researchers
of many developing countries have worked on these
wastes including fly ash [3], sugarcane bagasse ash
[4][5], rice husk ash [6][7], bamboo leave ash [8], wheat
straw ash, groundnut shells [9], corn cob [10], and
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.07
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produced metakaolin [11][12]. These materials enhance
the behaviour of concrete and contribute to an ecofriendly environment [13][14].
With the addition of pozzolanic materials, different
properties of concrete like flow-ability, strength, quality, durability and crack resistance can be improved
[15]. Several advanced cement blends are produced
by adding admixtures, which by pozzolanic reactions,
ameliorate the micro-structure by minimising the concentration of calcium hydroxide [16]. The changes in
the micro-structure of concrete composites improve
mechanical behaviour and extend the service life. At
the point when fine pozzolanic particles are scattered
in the cement paste, they create an enormous number
of nucleation places for the precipitation of hydration
items and make the cement paste further homogeneous
[17]. This is because of the reaction between silica
(SiO2 ) of pozzolana and calcium hydroxide (which is
not favourable for cement hydration), delivered during
the cement hydration reaction and produce additional
calcium silicate hydrate CSH gel. In addition to the
dense packing, this will reduce the wall effect between
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the paste and aggregate [18]. Janjaturaphan et. al. [4]
studied the pozzolanic activity of SCBA and concluded
that the improvement in the properties of concrete is
due to filling ability and pozzolanic reactions of SiO2
present in SCBA and C(OH)2 in cement hydration.
The filling ability is governed by the shape, size, and
texture of SCBA particles and the pozzolanic reactions
depend upon the percentage of SiO2 in the parent
SCBA particles. Cordiero et. al. [19] observed that the
pozzolanic reactivity of SCBA depends on the burning
temperature; the suitable temperature being up to
500◦ C producing amorphous SiO2 which is highly
reactive.
López et. al. [20] studied the effect of natural pozzolana
on porosity and pore connectivity of concrete and
found that the pozzolanic activity in the produced
concrete had a great impact on durability of concrete.
With a replacement of 33% of cement with natural
pozzolana, the permeability of concrete reduced up
to 200% and greatly reduced the water absorption
and as well as chloride ion penetration at 84 days
curing. Lathamaheswari et. al. [14] deduced that by
replacing cement with SCBA, workability of the concrete mix is reduced due to the water absorption
of SCBA particles, and the compressive and tensile
strength increased due to extra C-S-H gel, which were
maximum at 10% replacement with 35.23 N/mm2 and
3.59 N/mm2 respectively at 28 days curing and a w/b
ratio of 0.5. But modulus of rupture increased on all
replacement levels up to 12.5%. Mohd et. al. [21] utilized SCBA and sawdust ash in concrete and examined
fresh and hard-ened properties. Cement was partially
replaced with SCBA and SDA in varying percentages
of 0, 5, and 10. The proportion of SCBA and SDA were
kept the same (1:1) in all percentages. Fresh properties
of concrete were checked by performing slump cone
and compaction factor tests, and it was noted that
with the increase of SCBA and SDA amount in the
mix, there was a great decrease in workability due to
the water absorption by SCMs. Compressive strength
of SCBA and SDA made concrete at 7 days of curing
indicated a reduction in strength. At 28 days of curing
compressive strength of blended concrete enhanced
by 5.79% at a replacement level of 5%. Furthermore,
Minnu et. al. [22] reviewed the effectiveness of SCBA
as a pozzolanic material in comparison with fly ash
and ground granulated blast furnace slag in terms of
various properties of concrete. SCBA being lighter in
weight reduced the density of concrete as compared
to FA and GGBFS. The fineness of all SCMs had a
great impact on the rate of reaction with C(OH)2 . The
incorporation of SCBA retarded the setting of concrete
mixes by more than 40% as compared to FA and
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GGBFS. The optimum percentages of SCBA, FA, and
GGBFS in terms of strength were reported as 20, 30,
and 40. In addition to strength, all the SCMs increased
durability due to the reduction of permeability and
alkali-silica reaction.
In tropical countries, sugarcane is the main source
used for the production of sugar in sugar mills. Bagasse
is left behind as trash after the extraction of juices
in the sug-arcane, which is used for fuel purposes in
the containers to generate energy by the co-generation
process, and sugarcane bagasse ash is produced which
is a solid waste and nuisance to the environment [15].
Sugar industries play a major role in the economy of
Pakistan. According to a report published by the Pakistan sugar mills association in 2015-2016, countrywide
sugarcane production was 65.4 million tonnes and was
continuously growing on yearly bases [23]. Very limited
research work has been done on the sugarcane bagasse
ash (SCBA) of matiari region as pozzolana in cement.
The study presented in this paper aims to check the
effectiveness of SCBA as sup-plementary cementitious
material on conventional concrete with 0%, 5%, 10%,
and 15% replacement of cement.

2

Materials & Methodology

To check the influence of sugarcane bagasse ash on
the compressive strength and water absorption in conventional concrete, sugarcane bagasse ash (SCBA) was
collected from matiari sugar mill in Sindh Pakistan,
and the chemical composition of SCBA was checked
according to the ASTM standard [24]. The collected
SCBA, shown in Figure 2, is sieved from a 45ţµm (325
No.) sieve. OPC of DG cement factory conforming to
ASTM Standard C150 [25] is used. Locally available
Bholari sand was used which has a specific gravity of
2.69. Coarse aggregates were collected from Nooriabad
crush factory having a specific gravity of 2.605. The
aggregates were made to pass from a 20 mm sieve
and retained on 4.75mm. The passed aggregates were
then washed properly to remove the dusty particles.
Physical and chemical properties of the materials used
are shown in Table 1-2. Four cement blends were
prepared by partially replacing OPC at 0, 5, 10, and 15
percentages with SCBA. Total 24 cylinders of standard
size of 100mm × 200mm for compressive strength and
12 cubes of standard size 100mm × 100mm for water
absorption were casted. For each mix, 6 cylinders and 3
cubes were casted with 3 cylinders for 7 days strength
and 3 cylinders for 28 days strength. Water absorption
tests were performed on the cubes after 28 days of
curing. All the mix proportions were mixed by using
a mechanical mixer machine, (Figure 1) and the mix
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Fig. 1: Mixer machine

Fig. 2: Sugarcane bagasse ash after sieving from No.
325

ratio was kept at 1:1.5:3 at a water/binder ratio of
0.52. The specific mix proportion is selected from
the nominal mix of M20. Different mix proportions
obtained by partially replacing cement with different
percentages of SCBA are shown in Table 3.

3

Results & Discussion

The following sections describe the results of this
study.
3.1
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Fig. 3: Compressive strength of CM and SCBA concrete

strength of blended cement concrete, and the strength
of the concrete mix without SCBA (19.05 N/mm2 )
was greater than the strengths SCBA made concrete
at 7 days curing period. The strengths of SCBA made
concrete were 17.93 N/mm2 , 16.98 N/mm2 , and 14.92
N/mm2 at 5%, 10% and 15% replacement of cement
with SCBA, respectively. But after 28 days of curing,
the compressive strength of blended concrete showed
much greater strength than the control mix. Compressive strength of all the mixes after 28 days were
30.17 N/mm2 , 30.8 N/mm2 , 34.9 N/mm2 and 32.72
N/mm2 at 0, 5, 10 and 15 percent replacement of cement with SCBA, respectively. Strength enhancement
started at a replacement level of 5% and was optimum
at 10% replacement of cement with SCBA, and showed
a reduced value at 15%.
In the chart of strength activity index shown in
Figure 5, it can be seen that all SCBA blended mixes
showed greater values than 75% which satisfies ASTM
C618 [24]. The peak value of SAI was 115.67% and
reported at a 10% replacement level. The SAI of all
mixes were 100%, 102.08%, 115.67% and 108.45% at
0%, 5%, 10% and 15% replacement of cement with
SCBA, respectively.

Compressive Strength

The compressive strengths of all mixes were determined by cylindrical specimens of 100mm × 200mm
according to ASTM C39 [32]. The average compressive
strength was determined by testing three samples of
each concrete mix using the Universal Testing Machine
(UTM) shown in photograph 3. Values of average
compressive strengths of each mix are given in Table 4
and Fig. 3, 4, and 5.
Compressive strengths of all concrete mixes are
shown in the above figures. The results in Figure 3-4
show that there is no such development in the early age

Strength activity index =

A
× 100
B

(1)

Where A is the strength of concrete with blended
cement, and B is the strength of concrete with OPC
The failure patterns were same for all the replacement
levels, as shown in Figure 7-8. The patterns for 0,
5, 10 and 15% were same as type 2 in ASTM C39
[32]. Cracks started to generate from the top on the
cylinders and travelled down forming a well-formed
cone at the bottom side.
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Chemical
Constituents %
SCBA (class N)
OPC
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SiO2

Al2 O3

F e2 O3

CaO

M gO

SO3

K2 O

N a2 O

LoI

SiO2 + Al2 O3 + F e2O3

67.3
23.6

5.34
4.71

4.27
2.32

1.9
62.7

1.23
2.05

0.29
2.15

4.26
0.46

0.95
0.49

10.48
1.5

76.91
-

TABLE 1: Chemical constituents of SCBA and OPC
Material
OPC

Fine aggregate
Coase Aggregate

Property
Specific Gravity
Fineness
Consistency
In. Setting time
Fi. Setting time
Specific gravity
Water absorption
Specific gravity
Water absorption

3.15
4
32
45
250
2.69
1.3
2.605
0.7

Relevant Standard
ASTM C188 [26]
ASTM C786 [27]
ASTM C187 [28]
ASTM C191 [29]
ASTM C191
ASTM C128 [30]
ASTM C128
ASTM C127 [31]
ASTM C127

TABLE 2: Properties of materials
Mix
Proportion
CM
S5%
S10%
S15%

Binder content
in %
SCBA OPC
0
100
5
95
10
90
15
85

F. &
C.Aggregate
%
100
100
100
100

W/B
Ratio
0.52
0.52
0.52
0.52

Amount of quantities in Kg
SCBA

OPC

F.Aggregate

C.Aggregate

Water

0
17
34
51

340
323
306
289

510
510
510
510

1020
1020
1020
1020

176.8
176.8
176.8
176.8

TABLE 3: Mix proportion required for 1 m3 of concrete

No.

Mix

1
2
3
4

CM
S5%
S10%
S15%

Average Compressive
Strength (N/mm2)
7 days 28 days
19.05
30.17
17.93
30.8
16.98
34.9
14.92
32.72

TABLE 4: Compressive strengths of all cylindrical
concrete mixes

Fig. 5: Strength activity strength of SCBA with CM

Fig. 4: 7 and 28 days compressive strength
Fig. 6: Compression test of Cylinders
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Sr. No
1
2
3
4
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Mix
CM
S5%
S10%
S15%

Water absorption (%)
3.01
3.20
3.31
3.35

TABLE 5: Water absorption of hardened concrete

Fig. 7: Type 2 well-formed cone on one end, vertical
cracks running through caps, no well-defined cone on
other end (Failure pattern in ASTM C39 [32])

Fig. 8: Failure patterns of cylinders

Fig. 9: Water absorption of concrete mixes after 28
days curing

3.2 Water Absorption
Water absorption tests were carried out according to
BS 1881-122:1983 [33]. After 28 days of curing, weights
of three cubical specimens for each mix were noted and
placed in oven for 24 hours at a temperature of 105◦ C.
After 24 hours, weights of specimens were again noted
and the values of water absorption for different mixes
were determined. The calculated water absorption was
3.01%, 3.2%, 3.31% and 3.35% at 0%, 5%, 10% and
15% replacement of cement with SCBA, respectively.
Different values of water absorption in percentages are
shown in Table 5. With increase in the amount of
SCBA, water absorption of the concrete specimen also
increased. Maximum value of water absorption was at
15% SCBA mix. As shown in Table 5 and Figure 9,
water absorption of SCBA blended concrete gradually
varied in increasing order at all replacement percentages of cement with SCBA. In comparison with the
control mix, 5% replacement showed 6.31% increase
in water absorption, 10% replacement showed 9.9%
increase in water absorption, and 15% replacement
showed 11.29% increase in water absorption respectively.

4

Conclusion

From the experimental results of cement partially
relaced with SCBA in conventional concrete, the following points were concluded.
• SCBA blended concrete showed great improvement in compressive strength. Maximum compressive strength of 34.9N/mm2 was achieved at
10% SCBA. All the SCBA made concrete mixes
showed increase in compressive strength of concrete.
• However, all mix proportions showed a value ofSAI greater than 75%. Maximum SAI value was
calculated at 10% SCBA which is 115.67%. The
maximum SAI of 108.45% was achieved at 15%
replacement of cement with SCBA.
• The optimum percentage of SCBA is concluded
to be at 10% replacement of cement with SCBA.
• SCBA blended concrete at all replacement percentages gave more water absorption than the
control mix. The increase in the water absorption
is due to the high water demand of SBCA.
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Abstract
In this study, the quality of groundwater used for drinking purposes at Rajanpur Tehsil Pakistan is investigated.
Water contamination causes several health problems to human being and the severity of problems mainly depends
upon the level of pollutants present in water. Physical, chemical, and biological parameters of groundwater for
twelve locations are analyzed using standard procedures. The obtained results are compared with the standards
set by WHO. Most of the chemical parameters are found within the WHO standards except Arsenic, Calcium,
and Sulfate at various locations. The Arsenic is found beyond WHO standards at nine locations with an increased
percentage of 400% at three locations namely village Mehre Wala, Sehnwal, Near Basti Bhayan, and is also found
beyond the permissible limit, i.e., upto 150% at six locations Sikhaniwala, Kot Mithan, Basti Nazru, Basti Asni, Jalal
Pur, and Qutab Pul. Only three locations show satisfactory results, namely village shikarpur, village Murghai and
Basti Lakha. The percentage of calcium at five locations such as Murghai, Basti Nazru, Basti Asni, Basti Lakha, and
Chak Jalal Pur (Pull Pathan) is found to be 44%, 12%, 17.33%, 76%, and 49.33%, which is much higher than the
WHO standards. Meanwhile, the Sulphate is also found to be beyond WHO standards at four locations, i.e. 30.8%
for Mehrewala, 37.6% for Murghai, 34.8% for Basti Lakha and 34% for Chak Jalal Pur (Pull Pathan). Biological
contamination including total coliform and fecal coliform are found to be beyond the limit at Sehanwala, Rangpur,
Shikarpur, and Basti Nazru locations. The higher percentage of Arsenic, calcium, and sulfate in water indicate
that the groundwater is not suitable for drinking purpose. Sustainable water treatment is highly recommended for
drinking water at the identified contaminated location.

Keywords—underground water, Arsenic, calcium, sulfate
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1

Introduction

P

ure, clean, and germ-free water is essential for
human health. The availability of fresh clean
water is declining rapidly due to population growth
and human activities. Deteriorated quality of water is
accountable for the death of around 5 million children
in developing countries [1]. It is reported that 30%
of diseases are identified due to worse water quality
consumption in Pakistan including diarrhea in children
which is a major water borne disease [2]. Treatment of
drinking water is essential to eliminate various diseasecausing toxic substances, odor-producing agents, and
to make the water suitable for drinking and other
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: QRJ.1802.08
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

domestic applications. Human welfare in modern life
is linked with the quality of water consumed in everyday life. According to different health organization’s
standards, groundwater in several parts of Pakistan
does not meet the quality standards for human consumption [3]. The groundwater quality depends on
chemical, physical and bacterial characteristics, and
thus determines the usefulness of water supply for the
community [4].
The higher level of water pollution in rivers
and groundwater results in biodiversity disturbance,
water-borne diseases and reduced agricultural production. Not only water pollution but also the mismanagement of resources has sturdy socio-economic
consequences on health and food security [5]. According to the report of State Bank of Pakistan, environmental health-related risks impose major health

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 50–57, JUL–DEC, 2020

problems. Polluted water due to the presence of various organic, toxic elements, nitrates and nitrites can
cause various health problems such as malfunctions
of the human body, chronic diseases, and cancer [6].
Developing countries like Pakistan are facing water
pollution problems due to the increase in population, industrialization, improper solid waste management and affluent discharge in canals and other water
sources. The fast urbanization, deforestation, and land
degradation have resulted in a sharp decline in water
quality. Many cities in developing countries are facing
problems like higher content of nutrient and organic
material in potable water due to untreated domestic
and industrial waste into the resources.
The objective of the current study is to assess and
analyze groundwater quality of twelve wells at different
depths and locations of district Rajanpur used for
drinking purposes.

2

Fig. 1: Locations for groundwater sampling

Material & Method

The study was carried out at Rajanpur Tehsil which
is an administrative subdivision of Rajanpur district.
The capital of the Tehsil is Rajanpur City. The Tehsil
is administratively subdivided into 16 Union Councils,
having a gross area of 2078 sq. km. It is situated
on river Indus’s right bank on Indus Highway. The
coordinates of the Tehsil’s Capital are 29°-05’-56” N
and 70°-19’-25” E. Its distance from Dera Ghazi Khan
is 112.5 km. The climate of Rajanpur is dry with low
rainfall in the whole district. Water samples collected
from twelve sites identified by the GPS coordinates are
shown in Figure 1.
The samples of groundwater were collected from
twelve different locations of eleven union councils,
Tehsil Rajanpur and district Rajanpur. The samples
were collected from the wells at different depths,
mostly near the canals or expected sweet groundwater zones. The sterilized plastic bottles were washed
with distilled water twice before the collection of the
samples according to the standard methods [7][8]. The
water quality parameters were analyzed according to
the procedures and the standard methods are summarized in Table 1. The samples collected from the
selected locations of Rajanpur, as shown in Table 2,
were analyzed in the environmental laboratory of Energy & Environment Engineering department QUEST
Nawabshah.

3
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Results & Discussion

The physical, chemical and biological parameters of
water samples collected from the selected sites were

No.
1
2

Parameters of water
Total dissolved
salts (TDS)
Conductivity
(µS/cm)

3

PH

4
5

Color
Taste

6

Bicarbonate(mg/l)

7

Chloride(mg/l)

8

Sulfate

9

Hardness (mg/l)

10

Calcium (mg/l)

11

Magnesium (mg/l)

12

Sodium (mg/l)

13

Potassium

14

Alkalinity

15

Turbidity

16

Nitrate

17

B.C

Analysis Method /
Equipment
St. method,
2540C (1992)
Syber Scan
CON 11 EC. meter
pH meter, Jenco,
6230N
Sensory Test (TCU)
Sensory Test
St. method,
2320 (1992)
St. method,
Titration (1992)
Spectrophotometer
Opt 2120UV
EDTA Titration
St method 1992
3500-Ca-D,
St. method (1992)
234-C, Standard
method (1992)
Flame photometer
Italy
Flame photometer
2320, Standard
method (1992)
Turbidity meter
Lovibond PC
Colorimeter,
Hach- DR2800
Presence/
absence test kit

TABLE 1: Water parameters and methods/equipment
used for the analysis
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No.

Village name

1
2

Village Sikhani Wala
Village mehre wala
Sehnwal near main
city
Near Basti Bhayan
Village Shikar Pur
Kot Mithan city
Village Murghai
Basti Nazru
Basti Asni
Basti Lakha
Jalal Pur/pull pathan
Qutab Pul Haji
pur road

3
4
5
6
7
8
9
10
11
12

Sample
ID
S1
S2

52

GPS Coordinates
29.2435
29.3359

70.478
70.565

S3

29.2342

70.486

S4
S5
S6
S7
S8
S9
S10
S11

29.1903
29.1682
28.9668
28.9162
28.9633
28.9869
29.1837
29.2494

70.475
70.437
70.367
70.252
70.324
70.281
70.328
70.364

S12

29.3019

70.423

Fig. 2: Turbidity Results

TABLE 2: Sampling Locations
No.
1
2
3
4
5
6
7
8

Parameters
pH
TDs
Chloride
Fluoride
Sulfate
Hardness
Calcium
Magnesium

Sr. No.
9
10
11
12
13
14
15

Parameters
Sodium
Potassium
Alkalinity
Nitrate
Arsenic
Iron
Carbonate

TABLE 3: Chemical parameters of water
Fig. 3: Electrial Conductivity Results
determined in the laboratory to evaluate the suitability of water for drinking purpose by using analysis/equipment as mentioned in Table 1.
3.1

Physical Parameters

The physical parameters of groundwater were examined for twenty selected locations. Decaying of organic
(vegetation) and inorganic (soil, stones, and rocks)
matters impart color to water. Iron becomes yellow
or red sediments. All analyzed samples were colorless.
Taste and odors were also non-objectionable for all
samples.
The presence of suspended particles in water is measured by turbidity level. The turbidity in water is the
indication of cloudiness of water and is a key parameter
for determining water quality [9]. The obtained results
from turbidity analysis, as shown in Figure 2, were
found within the permissible limit as recommended
by WHO (i.e., 5 NTU) at all locations. Electrical
conductivity (EC) is the ionic concentration present
in water. Ions in solution cause the flow of electrical
current. The results for EC were found between 400 to
1273 µS/cm (Figure 3) with an average value of 892
µS/cm. The results were within the acceptable limit
of WHO.

3.2

Chemical Parameters

Various chemical parameters of this study are presented in Table 3. The analysis for all parameters was
performed using standard methods The procedures are
mentioned in Table 1.
The pH determines the acidic or alkaline nature of
water [10]. The results of pH found for all locations
were in the range 7.42-7.78 (Figure 4) which are within
the allowable limit of WHO standard, i.e., 6.5-8.5.
Total Dissolved Solids (TDS) level of 300 mg/l and less
is considered as the best level, the range 300-600 mg/l
is considered as good, 600-1000 mg/l is considered as
fair, and above 1000 mg/l is higher than the acceptable
limit [11]. According to WHO standard, the higher
boundary of TDS of potable water is 1000 mg/l. The
TDS level was found within the permissible limits at
all locations (shown in Figure 5).
Chlorides specify the level of salinity in water.
Chlorides in groundwater arises from several sources
such as soil weathering, formation of saline lipids and
precipitation of salt spray, salt for road melting, and
contributions of wastewater. Chloride is not considered
as harmful in drinking water, but its concerns are
associated with the common relationship with a higher
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Fig. 4: pH Results

Fig. 6: Chloride Results

Fig. 5: TDS Results

Fig. 7: Floride Results

level of sodium. The obtained results for chloride were
found within the allowable limit of WHO and NEQS
standards, as shown in Figure 6.
The presence of Fluoride in groundwater is due
to the weathering and leaching of fluoride bearing
minerals from sediments and rocks found in foods such
as tea, fish and rice, etc. The WHO recommended
the value of fluoride for drinking water as 1.5 mg/l
[12]. The results of fluoride were found between 0.15
mg/l to 0.4 mg/l with an average value of 0.31 mg/l
(Figure 7). The results of all locations for fluoride
were found satisfactory.
Sulfates in water occurs
naturally or from municipal and industrial discharges.
A high-level of sulfate in drinking water may result in
several health disorders and cause a problem in eye,
skin, and scalp irritation, diarrhea, and dehydration.
WHO’s suggested safe limit for sulfate is 250 mg/l.
The results of sulfate concentration, shown in Figure 8,
range between 32 mg/l-344 mg/l at different locations.
The sulfate level exceeded beyond the acceptable limit
at four locations, i.e., at S2, S7, S10 and S11, indicating
the potential health threat to human. The hardness
test is performed for determining the properties of
highly mineralized water. Hardness of water is the

sum of calcium ions and magnesium ions, calculated
by the analytical method. WHO’s suggested hardness
upper limit is 500 mg/l in drinking water. The results
of hardness found range from 160 mg/l to 480 mg/l
(Figure 9). The results of all twelve locations were
found within the safe limit as recommended by WHO
and NEQS.
Calcium is an essential mineral for bones, cell physiology, and teeth. Surplus calcium intake is very harmful to human health like heart diseases, high blood
pressure, irritated skin, diabetes, and reproductive
failure [13][14]. The results of this study showed that
most of the calcium samples were within the WHO
permissible limit of 75 mg/l. However, the analysis
found higher calcium amounts than the acceptable
limit at these locations, i.e., S7, S8, S9, S10 and S11,
as shown in Figure 10.
Magnesium is one of the essential minerals in water
for human health. It describes the quality of water
for several applications [15]. The safe limit of Mg
suggested by WHO is 150 mg/l for drinking water.
Amount of Mg was found to be within the permissible
limit at all locations (Figure 11).
A high level of Na changes the taste of water and
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Fig. 8: Sulfate Results

Fig. 10: Calcium Resultss

Fig. 9: Hardness Results

Fig. 11: Magnesium Results

can pose potential hazards to human health. Its safe
limit suggested by WHO is 200 mg/l [11]. The results
for Na concentration obtained at various locations for
all twelve samples were found within the permissible
limit (Figure 12). The sodium concentration found at
different locations were between 21-183 mg/l.
Potassium (K) is an alkali element and is very helpful for hydration. The European Commission suggests
potassium allowable limit for drinking water to be
12 mg/l [13]. Results of potassium were found within
the safe limit ranging from 4.6 mg/l -9.8 mg/l with
an average value of 6.5 mg/l, as shown in Figure 13.
The consumption of water with alkalinity higher than
permissible level may cause different health issues.
The results of alkalinity were found between 3.1-7.1
m.mol/1, as shown in Figure 14, with an average value
of 4.9 m.mol/1.
Nitrogen is a natural source of nitrate in groundwater. Sources of nitrate are agricultural chemicals,
sewage, and industrial effluents. Diseases associated
with drinking water having higher nitrate levels are
diabetes, thyroid disease, and gastric cancer. WHO
recommends the nitrate maximum limit as 10 mg/l
for drinking water. The nitrate results were found

between 0.1 to 1.08 mg/l within satisfactory limits for
all locations (Figure 15).
Arsenic is known as a very toxic and cancer-causing
chemical pollutant originate in drinking water. Longterm use of water contaminated with arsenic may
cause skin cancer, lungs, bladder, kidney, pigmentation, weakness, numbness, muscular cramping, vomiting, and diarrhea [15]. The permissible limit of arsenic in drinking water suggested by WHO is 10

Fig. 12: Sodium Results
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Fig. 13: Potassium Results

Fig. 14: Alkalinity Results
g/l. The results obtained for Arsenic range from 10
microgram/liter to 50 microgram/liter. The sample
locations S2, S3, S4 were very high and locations
S1, S6, S8, S9, S11, S12 were also found beyond the
permissible limit. Only three locations S5, S7, S10
showed satisfactory results (Figure 16).
According to the standards suggested by WHO, the
concentrations of iron might be less than 0.3 mg/liter
in drinking water. Iron concentration may increase due
to iron salts used as agents for coagulant. The iron level
found in all samples were within the permissible limit
as recommended by WHO (Figure 17).
3.3
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Fig. 15: Nitrate Results

Fig. 16: Arsenic Results

system or sewerage discharge, rainfall, and infiltration
of domestic are the main sources of coliform in groundwater [17]. Results showed that the total coliform level
exceeded the acceptable limit for samples, i.e., S3,
S4, S5 S8 (Figure 18). The results obtained for fecal
coliforms were found higher than the acceptable limit
[18], particularly in samples S3, S4, S5 S8 (Figure 20).

Biological Parameters

Biological parameters are considered as helpful indicators for water quality. Animal and human feces
and agricultural activities are the major causes of
microbial contamination of water [16]. According to
WHO guidelines, potable water should be free from
biological contamination, i.e., total coliform and fecal
coliform 0/100 ml [11]. The presence of total coliform
in water intake causes waterborne diseases such as
gastrointestinal upset, flu, fever, abdominal cramps,
and diarrhea. Agricultural runoff, effluent from a septic

Fig. 17: Iron Results
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Rajanpur. The effluent from the septic system, sewage
discharge, and wild animal fecal underground penetration are the sources of biological contamination. Due to
the consumption of contaminated water, the people of
Tehsil Rajanpur were facing various health problems.
Water treatment is highly recommended before the
use of underground water for drinking purpose at the
identified contaminated locations.

References
Fig. 18: Total Coliform Results

Fig. 19: Fecal Coliform Results

4

Conclusion

The present study showed the assessment of various
water quality parameters. The observed results revealed that the quality of underground water that
is being used by the people of Rajanpur Tehsil was
satisfactory at some locations while contaminated at
other studied locations. The arsenic, calcium, sulfate,
total coliform, and fecal coliform were found beyond
the WHO and NEQs standards at twelve locations.
The Arsenic limit exceeded at nine locations: S1, S2,
S3, S4, S6, S8, S9, S11 and S12. It exposed an alarming
situation for those areas. Calcium was above the limit
at locations: S7, S8, S9, S10 S11. Also, sulfate was
found higher at locations: S2, S7, S10 S11. Total coliform and fecal coliform were found higher at locations:
S3, S4, S5 S8. The use of fertilizer and pesticides such
as herbicides, insecticides, fungicides, rodenticides, algicides in the agricultural land are the main sources
for contamination groundwater. The higher level of
calcium and sulfate originated due to the presence of
gypsum in the ground. It was observed during the
water sample collection that the improper disposal
of municipal solid waste was also one of the reasons
for groundwater contamination in rural areas of Tehsil

[1] S. Haydar et. al., “Evaluation of Drinking Water Quality in
Urban Areas of Pakistan: A Case Study of Southern Lahore”
Pak. J. Engg. & Appl. Sci. Vol. 5, 2009.
[2] Global Water Partnership, Draft South Asia - Water Vision
2025, Country Report – Pakistan, 2000.
[3] AN Laghari, ZA Siyal, DK Bangwar, MA Soomro, G Walasai, FA Shaikh “Groundwater Quality Analysis for Human
Consumption: A Case Study of Sukkur City, Pakistan”
Engineering, Technology & Applied Science Research Vol.
8, No.1, pp.2616-2620, 2018.
[4] S. Khan, M. Shahnaz, N. Jehan, S. Rehman, M. TahirShah,
I. Din, “Drinking water quality and human health risk in
Char-sadda district, Pakistan”, Journal of cleaner production, Vol. 60, pp. 93-101, 2013
[5] Government of Pakistan (GoP). Pakistan Millennium
Development Goals Report 2006. Planning Commission, Centre for Research on Poverty Reduction
and
Income
Distribution,
Islamabad.
Available
at
http://www.undp.org.pk/images/
publications/MDG%202006.pdf
[6] Ikem A, Odueyungbo S, Egiebor NO, Nyavor K, “Chemical
quality of bottled waters from three cities in eastern Alabama.” The Sci Total Environ. vol. 285, pp. 165-175, 2002.
[7] United States Environmental Protection Agency, Quick
Guide To Drinking Water Sample Collection, available
at https:// www.epa.gov/region8-waterops/guide-drinkingwater-sample-collection.
[8] WHO, Guidelines for Drinking-Water Quality, WHO, 2011.
[9] M. A. Khattak, N. Ahmed, M. A. Qazi, A. Izhar, S. Ilyas, M.
N. Chaudhary, M. S. A. Khan, N. Iqbal, T. Waheed, “Evaluation of ground water quality for irrigation and drinking
pur-poses of the areas adjacent to Hudiara Industrial Drain,
La-hore, Pakistan”, Pakistan Journal of Agricultural Sciences, Vol. 49, No. 4, pp. 549–556, 2012.
[10] Nollet LML “Handbook of Water Analysis” Marcel
Dekker, New York, USA, pp.87-99, 2000.
[11] World Health Organization “Guidelines for Drinking Water Quality, Surveillance and Control of Community Supplies” Vol. 3, 1997.
[12] R. Buamah, C. A. Oduro, M. H. Sadik,“Fluoride removal from drinking water using regenerated aluminum
oxide coated media”, Journal of Environmental Chemical
Engineer-ing, Vol. 4, No. 1, pp. 250-258, 2016.
[13] Orzepkowski W., Pulikowski K, “Magnesium, calcium,
potassium and sodium content in groundwater and surface
water in arable lands in the commune gmina of Katy Wroclawskie”, Journal of Elementology, Vol. 13, No. 4, pp. 605614, 2008.
[14] World
Health
Organization,
Calcium
and
magnesiumin
drinking-water,
available
at:
http://www.who.int/water
sanitation health/publications/publication 9789241563550/en/.

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 50–57, JUL–DEC, 2020

[15] A. Rasool, A. Farooqi, T. Xiao, S. Masood, M. A.Kamran,
S. Bibi, “Elevated levels of arsenic and trace metals in
drinking water of Tehsil Mailsi, Punjab, Pakistan”, Journal
of Geo-chemical Exploration, Vol.169, pp. 89-99, 2016.
[16] Cabral J. P. S. “Water Microbiology. Bacterial Pathogens
and Water”, International Journal of Environmental Research and Public Health, Vol.7, No. 10, pp. 3657–3703,
2010.
[17] AN Laghari, ZA Siyal, MA Soomro, DK Bangwar, AJ Khokhar, HL Soni “Quality Analysis of Urea Plant Wastewater
and its Impact on Surface Water Bodies” Engineering, Technology & Applied Science Research Vol. 8, No. 2, pp.26992703, 2018.
[18] Pakistan Environmental Protection Agency, National
Standards for Drinking Water Quality, 2008.

57

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 58–62, JUL–DEC, 2020

58

Effect of Blending ratio on Co-Combustion of Coal and Biomass through
Emission Analysis
Mohammad Siddique1 , Saadat Ullah Khan Suri2,*
1

Department of Chemical Engineering, Faculty of Engineering, BUITEMS, Quetta, Pakistan
Department of Chemical Engineering, Faculty of Engineering, BUITEMS, Quetta, Pakistan
*
Corresponding author: saadatullah.khan@buitms.edu.pk
2

Abstract
The environmental problems caused by industrial pollutants and global warming are on the rise. There is a need to
develop a technology for reducing harmful pollutants. The co-combustion is getting serious attention by the scientists
regarding its key facets to reduce the environmental pollutants. Its function is based on utilization of biomass with
coal. In this work different types of biomass were used with coal samples to identify the suitable methodology.
The biomass resource fulfills the requirement with reducing environmental pollutants and overcome energy crises.
The ratios of biomass with coal samples were analyzed using stack gas analyzer. The banana tree waste (BTW)
was found to be effective for reducing CO2 and CO emission. While, Cow dung manure (CDM) was found to be
efficacious to decrease NOx. LC 80%+BTW 20% for SO2 and CDM for NO. To conclude, CDM and BTW decreases
the emissions keeping blending ratio 80:20 with lignite coal to biomass in co-combustion respectively.

Keywords—Blending ratio, Co-combustion, Biomass, Coal and Emission analysis.
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1

Introduction

I

n the recent past, there have been increased complications concerning energy issues and global warming. It is due to emissions of sulfur oxides, carbon
oxides and nitrogen oxides, abbreviated as SOx, COX
and NOx respectively. There are existing various technology to decrease these harmful pollutants [1]. The
co-firing of coal and biomass deploys best options for
decreasing emissions and consumption of biomass. The
biomass contents Rice husk and bamboo give less emissions by blending its high percentage with lignite coal
(LC) to ratio of 80:20 respectively [2-3]. The biomasscoal co-combustion has proven to be an inexpensive,
safe process, environmental affable and sustainable renewable energy option that fulfills reductions of sulfur
oxides, carbon oxides and nitrogen oxides [4]. The
biomass consumption is based to generate low amount
of CO2 during combustion. Further, it has tendency
to decrease the CO2 emissions at coal-fired power
generation system, for example, in a situation where
coal is co-fired alone in power generation system. It
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.09
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

is also known to decrease system efficiency [5]. The
biomass insertion in coal combustion system proves
to reduce NOx and Nitrogen dioxide (N2O) in flue
gas. The fuel to nitrogen ratio was examined as a key
factor for determining these emissions [6]. It is confirmed from research works that addition of biomass
increases NOx reduction under inert and air-staged
conditions [7-9]. The main purpose of this research
work is to investigate the effects of biomass and coal
blends on emissions generation. In addition, it has
many advantages regarding environmental pollution
control and global warming reduction. There has manifested a fact about replacement of coal to biomass for
reducing emissions will be beneficial perspective for
environment.
Recently, scientists recognize the efficacy of cocombustion of coal and biomass due to its immense
potential to reduce environmental pollution. There
is a minimized SO2 emission because of blending of
coal with biomass. It is helpful to solve environmental
complications like global warming and disease. The cocombustion of coal and biomass is effective in cement
industry, as it helps to overcome the problems related
to emissions. Co-burning is a potential solution to
consume the biomass as waste material into useful

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 58–62, JUL–DEC, 2020

Fig. 1: Illustration of co-combustion steps of the
methodology

product. We can attain viable energy from biomass
waste through the co-combustion technology.

2

Materials & Methods

The materials and methods of this research are discussed in the following sections.
2.1

Materials

The materials were collected from Tandojam,
Jamshoro and Kotri areas of Sindh province, Pakistan.
Three types of biomass banana tree waste (BTW),
cow dung manure (CDM) and tree leaves (TL) were
obtained to conduct this research. The Lignite coal
(LC) was brought from Lakhra plant. The research was
conducted using equipment such as stack gas electrical
muffle furnace, grinder, crusher and sieves. The stack
gas analyzer is used to characterize emissions, and 0.75
nm samples sizes are obtained from sieve analysis.
2.2

Methodology

The experimental methodology comprises the following steps. Firstly, the collection of samples is carried
out. Afterwards, it is crushed and grinded. The third
step implements blending of LC. At Muffle furnace,
there co-combustion of samples take place to desired
product as emission gases. This research work was
completed in particle technology lab in department of
chemical engineering at MUET, Jamshoro, Pakistan.
The whole research work has five steps, as shown in
Figure 1[10-11].
The coal and biomass samples were blended with different ratios described as 10:90, 20:80, 30:70 and 40:60
respectively. Muffle furnace works for co-combustion
and stack gas emission. Thereafter, gases emission is
scrutinized to find the degree of co-combustion.

3

Results & Discussion

The prime purpose of this research work is to
investigate the effect of biomass and coal blends on
emissions generation to devise effective solutions to
environmental pollution and global warming. The
current investigation deploys a scientific evidence
regarding replacement of coal with biomass for
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reducing harmful emissions.
Coal, biomass and their blends in co-combustion
process were investigated to deplete the emissions.
However, different tests are performed which displays
the particle size, emissions, carbon, hydrogen,
nitrogen, sulfur and calorific values. At co-combustion
of coal and biomass, emissions are analyzed using
stack gas analyzer, as this process results in the
generation of different gases. Table 1 shows the gases
that were generated during co-combustion.
Blending ratio is referred to as a ratio of coal to
biomass. In this study, biomass to coal ratio is varied
for observing its effectiveness. The obtained gases after
co-combustion process were CO, CO2, O2, H2, NO2,
NOX and SO2. The fluctuating blending ratios explore
maximum concentration of the combustible gases.
Due to this, we used different concentration of coal
and biomass to see the behavior on co-combustion.
It is a preliminary investigation to look precisely on
obtained gases concentration through blending ratios
[12-13].
Table 1 displays the highest percentage of obtained
O2 from burning of cow dung manure (CDM) around
17.63%. It also displays that the highest value of
CO in flue gases concentration is about 1644.16 ppm
after the burning of 60% LC+40% BTW blend. The
maximum percentage of produced CO2 was found
to be around 4.37% for 90% LC+10% TL blend and
the maximum NO percentage was about 68 ppm for
pristine BTW sample.
It is worth pointing out that the maximum obtained
NO2 concentration was noted to be around 0.98ppm for pristine TL. In case of NOx, the highest
concentration value of about 66.16 ppm was observed
by tilizing 60% LC+40% TL blend. For SO2, the
maximum amount obtained was 345.3 ppm using
90% LC+10%TL blend. From the results reported
in Table 1, it can be concluded that under blending
ratios the maximum CO concentration is found to be
1510.5 ppm with pristine BTW blend. In addition,
minimum CO concentration was noted to be around
684.667 ppm with LC70%+CDM30% blend in feed. It
is evident that on account of incomplete combustion,
minimum CO amount from LC70%+CDM30% blend
was observed as shown in Figure 2. This blending ratio
has several industrial applications due to its efficiency.
Figure 3 demonstrates NO concentration under
different blends. It reveals a sample which is affected
by NO. A maximum amount of 68 ppm of NO was
generated under pristine BTW. It shows that using
CDM, the NO concentration in co-combustion can
be reduced. For this reason, biomass concentration
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SNO

Material

O2%

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

LC
TL
BTW
CDM
LC90% + TL 10%
LC80% + TL 20%
LC70% + TL 30%
LC60% + TL 40%
LC90%+BTW10%
LC80%+BTW20%
LC70%+BTW30%
LC60%+BTW40%
LC90%+CDM10%
LC80%+CDM20%
LC70%+CDM30%
LC60%+CDM40%

16.89
15.33
16.75
17.79
13.2
15.74
15.74
15.45
15.525
16.49
15.34
15.65
16.31
16.55
14.04
14.66

CO
(ppm)
901.83
925
1510.5
1322.1
1083.8
1103.6
1220
928.83
1136.1
1247.5
1449.1
1644.1
1263.3
839.5
684.66
1073.8

CO2
2.19
3.03
1.63
1.79
4.37
2.87
2.86
3.02
3.10
2.50
3.20
2.97
2.47
2.49
3.92
3.50

NO
(ppm)
30.66
40.66
68
32.16
43.33
45.33
52.83
65.83
45.66
45.83
54.5
55.33
40.66
48.16
38.5
40.16

NO2
(ppm)
-3.01
-0.986
-2.267
-1.683
-7.61
-4.41
-5.75
-5.25
-2.98
-2.13
-3.08
-2.216
-3.383
-4.35
-2.4
-2.366
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FT©
76.63
76.7
73.56
94.66
65.18
75.63
79.1
83.41
84.71
87.2
87.43
82.31
85.68
96
55.95
68.03

NOx
(ppm)
30.63
40.66
64.66
30.83
51.16
45.5
53.16
66.16
45.83
42.66
44
55.5
43.33
48.33
39.33
41.33

SO2
(ppm)
325
-23.5
66.66
-70.16
345.3
138.1
21.83
32.83
9.83
-305
-18
-47.66
50.83
1.166
-2.5
-18.66

Hs
(ppm)
-248.9
269.33
140.33
221
704
179.33
333.66
526.16
223.83
129
104.16
54.5
197.66
240.5
-103.667
-77

TABLE 1: Emissions analysis from coal and biomass blends.

Fig. 2: Illustration on effect of blending ratios on CO
production

Fig. 3: Illustration on effect of blending ratios on NO
production

is vitally-important. Hence, this blending ratio is
efficacious to decrease the emission of NO [14].
On the flip side, Figure 4 shows that the maximum
amount of NOx is obtained at 66.16 ppm under

Fig. 4: Illustration on effect of blending ratios on NOx
production

blending ratio of LC60% + TL 40%. The minimum
NOX content of about 30.83 ppm is produced using
pristine CDM blend [14].
Figure 5 shows CO2 emission during the cocombustion process. The maximum amount of
43700ppm of CO2 is produced using LC90%+TL10%
blend. While the minimum concentration of 16330
ppm of CO2 is procured using pristine BTW [15].
Figure shows the O2 concentration in product gases.
The maximum concentration of O2 is 17790 ppm using
pristine CDM. While, the minimum concentration
is 1320 ppm by using LC 90%+TL 10% blending
ratio in feed. The different biomass blends affect the
emission. The presented results show that these blends
significantly contribute to optimize the emission of
pollutant gases.
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biogenic fuel should not increase more than 10%
of its original value. The produced ash from cocombustion can be fed to cement and concrete
industries if there are optimum values of P2O5,
SO3 and Cl and unburned carbon at ash. According to Environmental Protection Agency (EPA)
ash should fulfills physical and chemical demands
with the defined standards.

5
Fig. 5: Illustration on effect of blending ratio on CO2
production

Fig. 6: Illustration on effect of O2 production on
blending ratios.

4

Limitations & Future Work
1) Biomass co-combustion is the outcome of technological and economic factors. This co-combustion
process of biomass and coal has certain limitations. The technical limitation of this process
is that combustion process design is based on
a specific fuel ratio. Whereas, their burners are
designed with respect of volatile components such
as ash, water, samples size distribution and dust
values. Co-firing of biomass is essential to work
for building news system with discussed specifications. A high risk of generation of corrosion caused
by HCl formation and higher chlorine values exists. The corrosion rate of these components is
elevated at super-heater high temperature.
2) One of the limitations is high operating cost of
bio-mass and coal blends in co-combustion process. Other economical crucial factor is high fuel
cost incurred from transport preparation till the
delivery of materials at plant. Consequently, the
blending ratio handling at a site increases the
expenses per unit energy. The ash quantity at

Conclusion
1) Co-combustion of coal and biomass has many
advantages regarding reduction of environmental
problem. It also enables to resolve the energy
crisis. Various concentration of biomass, coal and
coal-biomass blends were investiaged in this paper.Different tests including particle size analysis,
thermo gravimetric analysis, emis-sions analysis,
carbon content, hydrogen content, nitrogen, sulfur analysis and calorific value were conducted.
It is concluded that gas emissions decrease by
utilizing biomass with coal. Additionally, BTW
and CDM were found to be best fit for decreasing
emissions during the process.
2) The minimum CO2 emissions was observed using
BTW. The minimum NOx emission is observed by
utilizing CDM. The BTW sample usage results in
minimum SO2 emissions with lignite coal to BTW
ratio of 80:20. These alarming environmental concerns are readily diminished using biomass and
lignite coal sample in a combustor. Hence, this
study concludes that coal with biomass blends
enable to reduce the gases pollutants up to a
desirable level.
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Abstract
Two grades of bitumen, (60/70 and 80/100), were modified by addition of Local Crumb Rubber (LCR) by weight of
base bitumen. To investigate the effects of short-term aging on modified and LCR modified bitumen, Rolling Thin
Film Oven (RTFO) test was used to simulate the short term aging. Dynamic shear rheometer (DSR) was used to
assess the rheological properties of bitumen, both before and after aging. It was observed that at 65◦ C on aging, the
phase angle (δ) of unmodified bitumen decreased by 3 and 4% for 60/70 and 80/100 bitumen respectively; whereas,
for 60/70 LCR modified bitumen, the phase angle (δ) on RTFO aging decreased by 7% for all LCR content (10,
15 and 20%) by weight of base bitumen. However, on RTFO aging (δ), values for LCR modified 80/100 bitumen
varied across different LCR content and could not be generalized. The complex modulus |G*| of LCR modified
60/70 bitumen increased on aging for both modified and unmodified bitumen at 65◦ C, but with the increase in LCR
content, the difference between bitumen aged and un-aged values of |G*| was considerably lowered. An interesting
finding was for 80/100 bitumen modified with 20% LCR content by weight, which showed a reduction in |G*| values
and an increase in (δ) values on aging. This shows that to some extent, LCR compensates for the stiffening effects
of aging.

Keywords—Rolling Thing Film Oven (RTFO), Dynamic Shear Rheometer (DSR), Local Crumb Rubber (LCR), Aging,
Bitumen
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1

Introduction

C

rumb Rubber (CR) from end of life tyres is used
to improve the engineering properties of bitumen.
Two types of processes, namely, wet process and dry
process are currently being used to modify the properties of bitumen. Wet process involves mixing bitumen
with CR at elevated temperature prior to its mixing
with aggregates, whereas, in dry process the CR is
mixed with heated aggregates before addition of bitumen. [1][2]. Bitumen consists of two broad fractions:
the lighter fractions called the maltenes, and heavier fractions called the asphaltenes. During bitumenCR interaction, the CR particles absorb the lighter
fractions of bitumen and swell [3]. Thus CR modified
bitumen consists of a liquid phase and swollen particle
phase. The modification of bitumen generally occurs
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.10
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Pakistan under CC BY 4.0 International License.

due to migration of lighter fractions from bitumen
into CR particles. This leads to a reduction of lighter
fractions of bitumen and results in an increase in
complex modulus |G*| values and a reduction in phase
angle (δ) values [4][5]. Factors affecting the properties
of CR modified binder include time and temperature
of bitumen – CR interaction, CR particle size, shape
and content [6][7]. The reaction between CR and bitumen is highly dependent on time and temperature.
If any of these two parameters are in excess, the
rubber particles will go into a de-polymerization phase
and beneficial effects of modification will be lost [4].
According to Mashan et. al., the properties of CR
modified bitumen are directly affected by the quantity
of CR modifier [7]. With respect to size and shape
of CR particles, various researchers have shown that
increasing the size of crumb rubber particles results in
decrease in (δ) values and an increase in |G*| values.
Thus, CR modified bitumen produced from coarser
particles tend to have better elastic properties due to
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properties, since before the asphalt mix reaches the
site, considerable aging has taken place during mixing
process that affects the in situ performance of bitumen. The CR that is being used for modification of
bitumen is obtained from two distinct industrial processes: ambient and cryogenic. The local crumb rubber
(LCR) that is used in this research is obtained from
neither of the two processes, but is a waste product
generated from local shoe industry during grinding of
shoe soles which are made up of waste rubber products
such as end of life tyres, conveyor belts, etc. In this
research, two grades of bitumen 60/70 and 80/100 are
modified with LCR using the wet process. This study
demonstrates the usefulness of LCR as a modifier for
bitumen.

2

Fig. 1: The methodology adopted in the research

lower value of (δ) and high rutting resistance due to
higher |G*| values [8].
In general, bitumen undergoes two types of aging:
(i) short-term aging that occurs during the initial
asphalt production and laying, (ii) and a long term
aging that continues throughout the service life of the
pavement and is the result of environmental factors
[9][10]. Main types of aging processes that are considered when studying the aging of bitumen include
oxidation, evaporation of lighter fractions, absorption
of bitumen fractions by aggregates, and physical hardening, also known as steric hardening. Oxidation is
considered to be the main cause of aging and results in
the changes in chemical structure of bitumen [9]. The
changes in chemical structure result from increase in
asphaltenes contents and their molecular weight, and
is accompanied by decrease in the maltenes (aromatic
oils) [11][12]. The chemical changes are mostly the result of combination of processes that involve oxidation,
polymerization and evaporation of lighter fractions.
This leads to hardening of the binder, and makes it
more susceptible to cracking failures [12].
Aging of bitumen modified with crumb rubber is
a complex phenomenon, since aging of crumb rubber
modified bitumen is affected by both oxidation process
and polymer degradation [10]. According to Lesueur
[12], short term aging that occurs at the temperature
of 160◦ C, shows good correlation with aging using the
rolling thing film vven test. This study focuses on
short-term aging of bitumen and its effects on bitumen

Material & Methods

Local Crumb Rubber (LCR) used for this research was
obtained from local shoe makers, where it is generated
as a result of utilization of waste rubber products such
as end of life tyres, conveyor belts, etc. in shoe making
and is dumped as a waste product. LCR passing
sieve# 30 having following gradation (Table 1) was
used in this research as bitumen modifier. Two grades
of bitumen (pen grade 60/70 and 80/100) were used
as base bitumen. LCR was mixed with based bitumen
at a temperature of 180◦ C. Mixing was carried out in
a laboratory asphalt mixer for 30 minutes at a speed
of 1400 rpm. Glass jars filled with binder were placed
in RTFO apparatus to simulate short-term aging. The
temperature was kept at 163◦ C and test duration was
set to 80 minutes in accordance with AASHTO - T240
[13]. On un-aged and the residue from RTFO test,
frequency sweep was run from (0.1 to 100) rad/sec
using DSR for temperature range 15◦ C, 25◦ C, 35◦ C,
45◦ C, 55◦ C, 65◦ C and 75◦ C. Dynamic Shear Rheometer (DSR) test assembly used was 25 mm plate with 1
mm plate gap.
Sieve Number

#30

#50

#100

#200

Percent Passing

100

49.1

12.87

4.19

TABLE 1: LCR gradation

3

Results & Discussion

Following sections describe the results of this study.
3.1

Rolling Thin Film Oven (RTFO) Test

The result of mass loss percentage after RTFO aging
is given below. The results indicate that the LCR
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Fig. 2: RTFO mass Loss percentage

modified bitumen has higher mass loss percentage
than the unmodified bitumen. As the LCR content
is increased, the mass loss percentage increases up to
a maximum value of 0.08% at 15% LCR content by
weight of base bitumen for 60/70 bitumen. On further
increase in the LCR content, the mass loss percentage
reduces to 0.07% which is still comparatively higher
than the unmodified bitumen. For 80/100 bitumen, the
mass loss percentage increases to a maximum value of
0.19% at 10% LCR content after which it begins to
reduce on further increase in the LCR content.

3.2

Isochronal Plot

The phase angle (δ) isochronal plots for 60/70 and
80/100 bitumen are given below. It can be observed
that addition of LCR results in decrease in the (δ)
values at high temperature. The (δ) continues to decrease with the increase in LCR content. This finding
is similar to that of conventional crumb rubber modified bitumen [7][4][8].This indicates that the increase
in LCR content results in a decrease in the viscous
component of bitumen. From Figure 3 and 4, it can
be seen that with the increase in temperature, the
(δ) value approaches 90◦ C which indicates that the
material is approaching a viscous state [14]. It can be
observed that on aging, the phase angle values reduces,
indicating a loss of viscous component of bitumen.
The difference between (δ) values is more evident at
temperature greater than 45◦ C. Furthermore, at temperature less than 20◦ C, the LCR modifier bitumen
has higher δ values. As the temperature increases,
the graph plummets and then steadily rises. This
behaviour is similar for both RTFO-aged and un-aged
samples, and can be attributed to the particle effect of
LCR and DSR plate geometry [15][16]. Both grades of
bitumen 60/70 and 80/100 show the same behaviour
for phase angle parameter at 10 rad/sec.
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Comparison of aged and un-aged bitumen for
modified and unmodified bitumen is given below in
the bar charts to further quantify the effects of aging
on bitumen. It can be observed that for 60/70 bitumen,
aging increases the value of (δ) at low temperature of
15◦ C, whereas at a high temperature of 65◦ C, it results
in the decreases in (δ) values. At temperature of 15◦ C,
the value of (δ) increases by 3% on aging unmodified
bitumen, and increased by 10%, 9% and 27% for 10, 15
and 20% LCR content respectively by weight of base
bitumen. At temperature of 65◦ C, the value decreased
by 3% for unmodified bitumen and decreased by 7%
for all quantities of LCR content. 80/100 bitumen
showed varying response. At low temperature, the (δ)
increased by 15% on aging for unmodified bitumen,
and increased by 10% and 20% for 10% and 15% LCR
content respectively by weight of base bitumen. The
smallest increase of 5% in (δ) value was observed for
20% LCR content. At high temperature of 65◦ C, (δ)
decreased by 4% and 1% for unmodified bitumen and
for 15% LCR content, respectively. Whereas, for 10%
and 20% LCR content, there is an increase in the (δ)
value.
From figure 9 and 10, after aging using RTFO,
the values of complex modulus |G*| increased. The
increase in the values of |G*| was evident both at
high and low temperature, except for the RTFO aged
60/70 bitumen as the temperature is reduced. Its |G*|
value also reduces and from the temperature range of
25◦ C begins to fall behind un-aged 60/70 bitumen.
The trend of increase in |G*| values is similar for all
LCR modified samples.
To further quantify the response of bitumen, at the
high and low temperature range, the bar charts of |G*|
of bitumen sample at 65◦ C and 15◦ C are given below
in Figure 11-14. It can be observed that for 60/70
bitumen RTFO, aging results in an increase in the |G*|
value for both 65◦ C and 15◦ C except for unmodified
bitumen at 15◦ C, where there is a slight reduction in
the |G*| values from 257KPa to 249 KPa. On RTFO
aging, both modified and unmodified bitumen showed
an increase in the |G*| at 65◦ C, however, the extent of
increase was limited to the increase in LCR content,
as value of |G*| for unmodified bitumen increases by
102% on RTFO aging. Whereas, for 10%, 15% and 20%
LCR content, it only increases by 35%, 29% and 17%
respectively . This shows that, to some extent, LCR
reduces the stiffness of bitumen. For 80/100 bitumen,
the effects of RTFO aging vary across different LCR
content at both 65◦ C and 15◦ C. At 15◦ C, an increase
in the value of |G*| is observed with the increase in
LCR content. The RTFO aged 80/100 bitumen attain
the maximum value of 350 KPa at 15% LCR content
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Fig. 3: Phase angle (δ) isochronal plot 60/70 bitumen

Fig. 4: Phase angle (δ) isochronal plot 80/100 bitumen

Fig. 5: Phase angle at 15◦ C

Fig. 6: Phase angle at 65◦ C
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Fig. 7: Phase angle at 15◦ C

Fig. 8: Phase angle at 65◦ C
at 15◦ C. At 65◦ C, 80/100 bitumen show unique behaviour for each LCR content. The value of |G*| increase from 0.85 KPa to 2.09 KPa, and from 7.82 KPa
to 8.68KPa for 0% and 15% LCR content respectively.
It reduces from 5.79 KPa to 3.63 KPa and 8.27KPa
to 4.87KPa for 10% and 20% LCR content. According
to Haopeng et. al. [17], during aging, oxidation and
polymer degradation for polymer modified bitumen
occur simultaneously. Due to this reason, the stiffening
effect of oxidation to some extent are compensated by
the softening effect of polymer degradation. However,
inconsistencies do exist in the values of |G*| and (δ),
therefore, it is not possible to completely characterize
the aging phenomenon based on the selected values.
Furthermore, the lowering of (δ) values and increase
in |G*| is visible at high temperature than at low
temperature. Studies attribute this phenomena to the
increased CR contribution to the bitumen rheology
at high temperature as compared to low temperature
[18].
3.3

Master Curves

For 60/70 bitumen, the (δ) master curves fall to lower
(δ) values on aging, which is consistent for both mod-
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ified and unmodified bitumen; however, at low temperature, considerable overlapping is observed between
RTFO aged, modified and unmodified bitumen. Some
scattering of the graph is also observed for RTFO-aged
20% LCR modified bitumen. A plateau is observed in
the low frequency region (high temperature) for LCR
modified bitumen, from where the value of the (δ)
begins to fall below the curve in the (δ) master curve.
The curvature of the curve at this low frequency region
increases on both RTFO aging and on increasing LCR
content. For 80/100 bitumen, some scattering of (δ)
values is observed in the high frequency region, but
it was lower than the 60/70 bitumen. Interestingly,
RTFO-aged 80/100 bitumen modified with 15% LCR
gives the lowest values of (δ) in the low frequency
region. Its curvature is also visibly the highest. Another interesting thing is the behaviour of RTFO-aged
20% LCR modified bitumen, which is characterised
by overlapping with RTFO-aged 10% LCR modified
bitumen both at high and low frequency region.
For 60/70 bitumen, the values of |G*| increase
both on aging and with the increase in LCR content.
The effect of LCR addition and aging are more distinguishable in the frequency range 1.E-06 rad/sec-1.E01 rad/sec. The un-aged samples show increase in the
|G*| values on addition of LCR. The stiffening effect
of LCR continue to increase with the increase in LCR
content, as evident from the increase in |G*| value.
For un-aged sample, the general behaviour remains the
same with the LCR modified samples showing higher
|G*| values. For the case of 80/100 bitumen, RTFOaged LCR 20% values overlap with RTFO-aged LCR
10%. The values of RTFO-aged LCR 20% was also
lower than the un-aged LCR 20% values, which shows
that some form of softening effect of LCR modification
is present to balance the stiffening effect of aging. According to Haopeng et. al. [17], bitumen modified with
higher percentage of crumb rubber shows better resistance against stiffening effects of aging. The difference
in response between 60/70 and 80/100 bitumen can
be attributed to the difference in grades of bitumen,
as softer grade bitumen are known to enhance the
swelling of crumb rubber particles due to the presence
of greater amount of light-weight fractions. This results in better high and low temperature performance
of modified binder [19].

4

Conclusion

From the results it can be concluded that:
• Addition of LCR reduces (δ) value of bitumen.
The effect of (δ) modification is more visible at
high temperature than at low temperature.. The
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Fig. 9: Complex modulus, isochronal plot

Fig. 10: Complex modulus, isochronal plot

Fig. 11: Complex modulus at 15◦ C

reduction in (δ) value of bitumen indicates a shift
towards a more elastic response. This observation
indicates that LCR can be used to improve the

Fig. 12: Complex modulus at 65◦ C

high temperature performance of bitumen. The
modification of (δ) on addition of LCR is similar
to that of conventional crumb rubber as observed
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Fig. 13: Complex modulus at 15◦ C

Fig. 14: Complex modulus at 65◦ C

•

•

•

by other researchers.
RTFO aging results show an increase in |G*| and
a decrease in (δ) values for both grades (60/70 and
80/100) of unmodified bitumen. Similar result is
obtained for 60/70 LCR modified bitumen. This
shows that aging results in a more stiff and less
viscous bitumen.
For LCR modified 80/100 bitumen, the effects of
RTFO aging vary for different LCR content. It
is observed that for 20% LCR modified bitumen,
there is a decrease in stiffness and |G*| values,
but an increase in viscous component and (δ)
values. This shows that the characteristics of base
bitumen have a considerable effect on the properties of RTFO-aged LCR-modified bitumen. The
increased LCR content for softer grade bitumen
results in better aging resistance.
To generalize these findings, further studies are
needed with different bitumen sources and grades.
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Abstract
There is a growing need of construction around the globe. This need tends to provide newer opportunities for
construction of buildings over reclaimed lands or earth filled areas. Mostly, the earth is filled with soils as it is
an easily available material. Soil is a complex materials, and its properties can vary due to several reasons. If not
understood properly, it can damage undisturbed samples collected from earth-filled soils. The basic properties of
soils, the stress-strain behavior and strength parameters are presented and discussed. Results show that soil exhibits
strain hardening and normally consolidated behavior in direct shear and oedometer test respectively. It is observed
that the compression index values are in the range of 0.157 to 0.182 which indicates that the material is silty soils
with low plasticity. The allowable bearing capacity in our study was 305 kPa and allowable load on footing was 987
kN. The strength parameters, i.e., friction angle and cohesion are 37◦ and 2 kPa respectively.

Keywords—Oedometer Test, Direct Shear Test, Laboratory Investigation, Bearing Capacity, Shear Strength
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1

Introduction

D

ue to the growing needs of construction industry
and to facilitate human beings, sometimes the
construction is done on locations where either land
is reclaimed or earth filled [1]. Construction on such
sites need a great deal of care and may have severe
consequences of settlements if the material properties
are not understood properly [2]. The depressions in
the site are most often filled with borrowed soils to
prepare the ground to a uniform surface for further
construction [3][4]. The soil is a complex material
having different properties which mainly depend
upon the size of soil particles, moisture content, and
particle packing due to different compactions, etc.
[5][6][7]. These properties can influence the structure
constructed above it. For example, if the structure
is constructed on loose soils, it may later result in
significant settlements leading to failures.
Several studies on failures in reclaimed soils are
reported in literature [8]. Reclaimed soils usually
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.11
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contain clay and silt particles which can settle with
time resulting failure of structures [9]. This is mostly
because the soil is frequently dumped in mass scale,
and does not allow it to settle properly and is exposed
to creep on long term loading.
This study is conducted on an uneven surface
which has been leveled by dumping the soil in
depressions. The other reason apart from the leveled
ground was to raise the elevation. It is a common
trend in Pakistan that structures are constructed at
raised elevations. This is done because, with time, the
elevation of roads raise up and create several problems,
especially drainage of nearby building. This research
is presented based upon the collected samples which
were tested at the laboratories of the Civil Engineering
Department, QUEST, Nawabshah. The samples were
collected as undisturbed and disturbed at the depth
around 1m from the surface of dumped soils. Sieve
analysis on disturbed samples from various depths,
Specific Gravity SG, Oedometer tests and direct shear
tests were performed. Based upon performed tests,
the evaluations for bearing capacity are made for
maximum allowable load.
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Fig. 1: Summary of sieve analysis performed for materials collected from 15 feet below the ground
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Fig. 3: The example of test performed for liquid limit
for materials collected from 15 feet below the ground.
Description
Test 1
Test 2
Test 2

Volume
Compressibility (mv)
0.0002 m2 /M N
0.00015 m2 /M N
0.00015 m2 /M N

Compression
Index (Cc)
0.157
0.168
0.182

TABLE 1: The summary of tests

Fig. 2: The example of test performed for liquid limit
for materials collected from 15 feet below the ground

2

Material & Methods

Based upon the collected samples and ocular analysis,
it was concluded that mainly soil type was found to be
clayey soils with the determined SG value of 2.68 and
average moisture content around 20-25%. The typical
sieve analysis curves are shown in Figure 1.
The liquid limits are plotted and shown in Figure 2.
The liquid limits were found to be in the range of 2040 WL (%) with plastic limits of 25-30.

3

Results

The following sections discuss the results of this study.
3.1

Compressibility and Compression Index

The collected soil samples were tested in oedometer
tests. These tests were mainly performed to study soil
behavior in response to applied vertical loading. Three
oedometer tests were performed based upon ASTM
[10] and evaluations are made for the consolidation

parameters.
The compressibility mv can be defined as volume
change due to increase in the effective vertical stresses
[11]. The stress-strain behavior from oedometer tests,
when plotted as void ratio versus logarithmic effective
stresses (e−logσv0 ), as shown in Figure 3, may form linear behavior which can be defined as the compression
index Cc . The consolidation parameters are written as
Equation 1 and Equation 2 respectively,
mv =

1
e0 − e1
(
)(m2 /M N )
1 + e0 σ 0 1 − σ 0 0

(1)

e0 − e1
log (σ 0 1 /σ 0 0)

(2)

Cc =

where, e is the void ratio and σ 0 is the effective stress.
The compression index is used as a parameter to
predict the settlement of the foundations. Higher the
values of compression index, the higher the settlement
will be.
The soil behavior in response to applied vertical loads in oedometer tests is shown below. It was
observed that samples showed normally consolidated
behavior NC and no sign of over-consolidation was
observed. The specimens showed a significant void
ratio reduction from 0.7 to 0.45 and the vertical strains
showed up to 13.5% reduction. All the performed tests
were subject to unloading as well. And it was observed
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Fig. 4: The shear stress plotted against horizontal
displacement of normal loads of 100 and 200 kPa.
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Fig. 6: Evaluation of strength parameters (c and phi).
Terzaghi’s bearing capacity equation [14].
qult = cNc sc + qNq + 0.5BN y γsγ

Fig. 5: Stress-strain behavior observed in direct shear
tests.

that the material bounced back as much as 2.5% of its
reduced height.
3.2

Shear Strength

Figure 4 shows the shear stress plotted against horizontal displacement at normal stresses. Whereas, Figure 5 shows the stress-stain behavior plotted against
horizontal displacement in terms of stress ratios. The
direct shear tests showed strain hardening behavior
[12]. This behavior indicates that the sampling area
is in loose state [13].
Figure 6 shows the strength parameters evaluated
for the friction angle and cohesion. The strength parameters, i.e., cohesion and angle of internal friction
were found to be 37.2◦ and 02 kPa respectively.
3.3

Bearing Capacity

The allowable bearing capacity of soil was calculated
using the correlations as given in Equation 3 by using

(3)

The first part in Equation 3 cNc sc is related to cohesion term and denotes the strength due to cohesion.
qNq is the surcharge term and represents the breading capacity strength developed due to surcharge.
0.5BN y γsγ is density term which represents strength
of soil due to the density. c is Cohesion, Nc , Nq and Ny
are Terzaghi’s bearing capacity factors and values for
friction angle of 35◦ are 57.8, 41.4 and 42.4 respectively
[14]. B is the width of footing. sc and sγ are shape
factors and their values for square and strip footings
are 1.3, 0.8 and 1.0, 1.0, respectively.
The calculations are based on the following data. The
unit weight of soils is 18 kN/m3 . Depth is assumed
to be 5 ft below the natural ground (1.5 meters) and
Factor of Safety (FOS) = 3.0.
The ultimate bearing capacity (qult ) was found to be
916 kPa for column type footing of 1.5 square meters.
Whereas, the allowable bearing capacity (qallowable ) =
qult /F OS was 305 kPa. The total allowable load that
can safely be placed on the footing of 1.5 × 1.5m was
found to be 987 kN.

4

Discussion

It was observed that the compression index values were
in the range of 0.157 to 0.182. This range is in comparison to silty soils of low plasticity as per previous
studies [15]. However, soil types for collected samples
were clayey type with low plasticity. Based upon the
preliminary results that show the compression index of
collected soils was similar as silty soils. However, the
actual soils collected were more clayey and with low
plastic values.
Considering the bearing capacity calculations, the calculated bearing capacity of 305 kPa was in accordance
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with range of silty soils. However, collected soils were
more like silty clayey soils. The bearing capacity is
mainly dependent of friction angle, which in this study,
was found slightly higher. This can be the reason
that the calculations returned slightly higher bearing
capacity. At the same time, strain hardening behavior
in direct shear test and normally consolidated behavior
in oedometer test indicated the soils in loose state.
Therefore, based upon laboratory tests in collected
materials, it can be recommended that extreme care
should be taken while designing the foundations on
such soils. The foundations with a wider area to load
bearing would be safer as compared to the foundations
with shallow areas. Hence a raft footing is expected to
perform better.

5

Conclusion

From the results of this study, it can be concluded
that the materials collected were mainly silty soils
with a specific gravity of 2.68 and having moisture
content around 20-20%. Further conclusions are given
as under.
• The liquid limits were found to be in the range of
20-40% with plastic limits in the range of 25-30.
• The volumetric compressibility (mv) was found to
be 0.0002-0.00015 (m2 /M N ).
• The strain hardening behavior in direct shear
and normally consolidated behavior in oedometer
tests were observed.
• The compression index (Cc ) was found to be 0.157
to 0.182.
• Collected soils showed strain hardening behavior
which implies loose soils.
◦
• The friction angle was found to be 37 with negligible cohesion as 2 kPa.
• The allowable bearing capacity was found to be
305 kPa with maximum allowable load on footing
of 1.5 × 1.5m was 987 kN.
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Abstract
Chromium being a carcinogenic element present in drinking water in the less developed areas in the poor countries
contributes to many infectious diseases. The removal of chromium traces from water needs to have an easy and
efficient way for poor countries. Concerning this, a low-cost industrial bio-adsorbent based on bagasse (the sugar
industry waste) is prepared and characterized for Cr (VI) removal from aqueous solutions. Preparation of the
absorbent is performed by carbonization and steam activation of sugarcane bagasse (SCB). The FTIR spectra
and the morphology of the adsorbent before and after Cr (VI) removal was studied using FTIR and SEM. All
the experiments were carried out in a batch process with laboratory-prepared samples to study the effects of pH,
adsorbent dose, adsorbate concentration, shaking time and shaking speed. It was observed that the highest removal
efficiency was achieved at pH=2, adsorbent dose=0.75 g, adsorbate concentration=60 mg/L, shaking speed=150
rpm, and shaking time=20 minutes. These results suggest that this bio-adsorbent can provide a simple, effective,
and cheap method for removing Cr (VI) ions from effluents and water resources.

Keywords—Aqueous solution, sugarcane bagasse, activated carbon, sorption
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1

Introduction

T

he quality of water is largely affected by the
effluent from industries containing toxic heavy
metals. Cr is one of the heavy metals that occur
in two forms, i.e., trivalent and hexavalent [1]. The
compounds of chromium are widely used in magnetic
tapes, finishing of metals, electroplating, wood protection, pigments, tanning of leather, manufacturing
of chemicals, electrical-electronic equipment, textile
dyes, antirust agents in water cooling, and catalysis
etc. [1-3]. The effects of Cr (VI) are very harmful
including the disorder of liver, skin, kidney, respiratory
organ, bronchitis, perforation of nasal septum and
ulcer formation[4-6].
Growing public concern about the risks associated
with Cr (VI) contaminated water has led to strict
international regulations. US Environmental ProtecISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.12
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

tion Agency and World Health Organization (WHO)
recommended Cr concentration in drinking water below 50 µg/L. Pakistan has also adopted the same
guidelines. In Pakistan, the industries such as leather
tanning, metal finishing, chrome plating, textile, fabrication, cement, dye, and pigment generate abundant
quantities of effluent with high Cr concentrations from
0.5 to 270 mg/L [3][7]. Therefore, it is essential that
before discharge, these industries decrease Cr (VI)
contents up to the level of acceptance. However, high
costs of operating wastewater treatment systems along
with the financial constraints make it one of the major
problems, especially in developing countries. The traditional methods used for heavy metals removal from
water and wastewater include oxidation, precipitation,
electrolytic removal, membrane filtration, flotation,
solvent extraction, bio reduction, ion exchange and
sorption [4][8-10]. The financial problems faced by the
industry needs to be investigated to find a cheap and
environmentally friendly method. Sorption methods
are cost-effective and safe to use. Activated Carbon
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(AC) possesses certain properties that make it adsorptive in nature. The material and the method of
activation for AC preparation determine the surface
functional groups. The pore structure can also be
refined by the activation process. The large surface
area up to 2000 m2 /g is provided by micropore, mesopore and ultra-micropore [1]. An unreasonable cost of
AC limits its commercial use in developing countries.
There are certain benefits of the biosorption such as
the possibility of metal recovery, low-cost, minimum
chemical or biological regeneration of sludge, high
efficiency, etc. [11][12].
Waste materials like a grape waste, rice husk,
fungal biomass, distillery sludge green algae, maple
sawdust, hazelnut shell, algal bloom residue derived
activated carbon, wood, rice straw-based carbon, coconut tree sawdust, almond nutshell and tea leaf waste
have been studied for Cr (VI) removal[1][4][9], [1318]. There are various functional groups attached to
these materials. Some of these functional groups are
aldehyde, aliphatic, alkene, hydroxyl, amide, aromatic
nitro, silicate, sulphonate etc. [19][2]. FTIR studies
indicated that the above functional groups are responsible for Cr (VI) sorption[6][20]. Since different
materials identified in earlier studies are not easily
available in Pakistan, therefore, the purpose of this
study is to identify a readily available low-cost natural
resources that could be used as bio-sorbent, especially
for Cr (VI) removal from aqueous solutions.
In our local context, we selected SCB which is
widely available in Pakistan. Pakistan produces about
16.6 million tons of SCB annually, which is used as fuel
for boilers, and as raw material for the manufacture of
pulp paper and boards [21]. Earlier, Gomes et. al. [15]
carried out a study on chromium removal from aqueous
solutions using SCB and rice husk. They conducted
the batch sorption experiments to investigate the effect
of different parameters, i.e., pH, adsorbent dose, and
contact time.
Cronje et. al. [3] also carried out a study on the
optimization of Cr (VI) removal employing developing
AC from SCB. The SCB used in the study was treated
with zinc chloride. Similarly, there are various other
studies available in the literature, but these studies
are limited as far as the optimization of the removal
efficiency by variation in certain parameters are concerned. In the present study activated SCB prepared
by carbonization and steam activation (SCB) was used
for Cr (VI) removal from aqueous solutions. The Cr
(VI) ion sorption experiments were conducted at batch
scale, and in the influence of different parameters was
investigated. Characterization and detailed morphological study were also carried out

2

76

Material & Methods

The following sections describe the material and methods used in this study.
2.1

Activated Granular Activated Carbon

Sugar Cane Bagasse (SCB) was collected from Matiari
Sugar Mill Limited in Matiari district, which is located
about 30 km from the study area of Mehran UET,
Jamshoro, Sindh, Pakistan. This waste was utilized
for activated carbon (AC) preparation to investigate
Cr (VI) removal. Initially, SCB was ground and sieved
up to the range of size from 4.0-1.7 mm. Bagasse was
mixed with sugarcane molasses in a 1:0.5 w/v ratio.
The homogenized sample was compressed using Simplimet Mounting Press (model 20-1320) at a pressure
of 5000 psi to form pellets of 2.5 cm diameter. The
pellets were placed in a tubular reactor and pyrolyzed
in Nitrogen (N2) atmosphere at 700◦ C for 1 hour. The
sample was then cooled overnight in the furnace under
an inert atmosphere. Later, the sample was activated
with carbon and carbonized for 45 min at 850◦ C in N2
atmosphere. The carbonized carbon was washed using
0.1N HCl to remove ash and other adhering material.
Carbon was washed dried and stored. Figure 1 shows
the process of preparing pellets from the industrial
sugar cane bagasse.
2.2

Standard Solution Preparation

Cr (VI) stock solution (1000 mg/L) was prepared by
dissolving potassium dichromate (K2Cr2O7) in one
litre of deionized water. To obtain initial Cr (VI)
concentrations of 60 to 100 mg/L, the deionized water
was added to the stock solution and diluted. The
solution pH was adjusted from 2-10 using 0.5N HCl
and 0.5N NaOH respectively. All analytical grade
chemicals were used in this study.
2.3

Adsorbent Characterization

Analytical analysis of developed sorbent loaded with
activated carbon was carried out through FTIR for
observing sorption before and after the experiment.
The spectral range was 4000-600 cm−1 . The scanning
electron microscope (SEM) characterization was carried out using Jeol JSM 6380 to observe the surface
texture before and after activation, and after sorption.
To measure porosity, the sample was placed into a Penetrometer and the Quanta-chrome Autoscan-33 Model
mercury intrusion porosimeter. For the measurement
of the pore volumes between the ranges from 6.0000
to 0.0062 µm radius, the Penetrometer was filled with
mercury and the system pressure increased gradually
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(a) Sugar cane bagasse

(b) Course grinding
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(c) Fine grinding

(d) Compressed pellets

Fig. 1: Process of preparing pellets from the industrial sugar cane bagasse
Characteristics
Specific surface
area (m2/g)
Average pore
diameter (nm)
Porosity (%)
Total pore
volume (ml/g)

up to 1900 Kg/cm3 . The calculation of the pore
radius was done using the Washburn Equation [22].
For measuring the surface area, Quanta-chrome NOVA
1200 Model sorp-tometer was used. The system was
heated for the removal of moisture and atmospheric
gases. N2 was introduced both in liquid and gas phase,
and the temperature was gradually reduced to 30◦ C.
The adsorption features of arsenic onto ICPG were
considered under equilibrium and dynamic conditions.
2.4

Batch Sorption Experiments

The batch sorption experiments of Cr (VI) ion removal
by activated SCB were carried out at ambient conditions of temperature. The solution (100 ml) containing
60-100 mg/l Cr (VI), 0.75 g of activated SCB was
added, and pH was adjusted to 2 with 0.1 M HCl-KCl
buffer (5 ml). The contents were mechanically shaken
at 150 rpm for 20 minutes and filtered with filter paper
(Whatman filter paper No. 42). The solution was
analyzed on Variant Spectr AA 20 Plus using an airacetylene flame. Triplicate analysis (n=3) was carried
out with integration, and delay time of 3 seconds.
The removal efficiency, i.e., sorption capacity of the
developed adsorbent was calculated by using Equation
1.
%Sorption = (C0 − Cf /C0 ) × 100
(1)
Where C0 is the initial known concentration of metal,
Cf is remaining (final) concentration of metal ion in
the solution (mg/L) [13]. At an equilibrium time, the
metal uptake (qe ) was estimated by using Equation 2,
w(qe − q0 ) = v(C0 − Cf )

(2)

Where qo = 0, Eq. (2) will become:
qe = v(C0 − Cf ) × 100w

(3)

where qe represents the adsorbed amount of metal i.e.
Cr (VI), and Ce is the remaining (final) metal ion concentration (mg/L) at equilibrium time and these are

Bagasse

Activated bagasse

8.01

1537

5.01

38.7

23.22

64.42

0.234

0.561

TABLE 1: Proprtirs of prepared activated carbon

measured directly by Varian Spectr AA20 Plus at the
wavelength of 357.9 nm, v (ml) is the aqueous solution
volume, and w is the weight (g) of the adsorbent.

3

Results & Discussion

This section presents the results of this study.
3.1

Characterization of Activated Carbon

In our study, the properties of activated carbon before
and after activation were determined and the results
are shown in Table 1. Analysis of results shows that the
steam activation removed volatile impurities, creating
a highly developed active porous surface, as well as
increased the pore diameter, pore volume and specific
surface area. The FTIR spectra of the adsorbents
before and after Cr (VI) sorption indicated the number
of peaks showing the functional groups. Figure 2a2b exhibits several peaks. The FTIR spectra of the
adsorbent before and after Cr (VI) removal is shown in
Figure 2a-2b. The spectra were recorded with attenuated total reflectance accessory within 4000-600 cm−1 .
The results of the absorption peaks with possible
assignments are given in Table 2. The band frequency
around 3707 cm−1 indicates the presence of hydroxyl
(-OH) group and its substantial shift from 3707 to 3400
cm−1 reveals the Cr binding with (-OH) group. Similar
assignments have been reported by Anand Kumar et.
al. [19] for Bael fruit.
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(a) Before chromium sorption
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(b) After chromium sorption

Fig. 2: Fourier transform infrared (FTIR) spectrum of activated bagasse

Adsorbent

Activated bagasse
before Cr
after Cr

O-H
-NH
C-H

(VI) binding
3707
3210
3017

-NH3

2261

C=O
-CH3

1525
1442

2460
1559
1396

-CH2
-CO

1351
–

1339
1020

-OCH3

–
994

–

838

650

Bending
vibrations

(VI) binding
3400
3227
2970
2517

711

TABLE 2: FTIR spectra of adsorbent before and after
Cr (VI) sorption

When activated carbon was loaded with Cr (Figure
2b), the N-H absorption peak shifted from 3210 to
3227 cm−1 , which shows that this functional group
was involved in metal binding. In C-H stretching, the
vibration was observed within 3017-2950 cm−1 . Same
observations have been reported for Bael fruit from
2924 to 2913 cm−1 [19]. The band 2261 and 2517
cm−1 are assigned to stretching vibrations of –NH3
groups. This was due to the treatment of activated
carbon with hydrochloric acid. The signal observed
at 1525 and 1559 cm−1 could also be assigned to C=O vibrations. Additional peaks at 1442 and 1351
cm−1 are assigned to CH3 and CH2 which shifted to
1396 and 1339 cm−1 respectively. Additional peaks
below 1000 cm−1 are due to vibrations of aromatic

compounds. Here sorption may be because of physical
sorption, ionic exchange, complexation with functional
groups, chemical reaction with surface sites, and surface precipitations. The porosity and surface texture
of the prepared activated sample was recorded by
the scanning electron microscope. In Figure 3a, SEM
image of SCB, prior to activation is displayed showing
the absence of pores or voids. The SEM of an activated
sample in Figure 3b reveals well-developed pores like
capillaries open at one or both ends.
3.2

Optimization of Developed Sorbent

The developed sorbent loaded with activated carbon
was further tested by investigating different parameters to achieve an optimized performance. Therefore,
the effect of different parameters including dosage
of sorbent, pH, shaking speed and time and sorbate
initial conditions were studied.
3.2.1 Effect of pH on the Sorption Capacity of Activated Carbon
Solution pH is essential to study because it influences
metal sorption. Chromium ions exist in the form of
HCrO4- at very low pH, while at higher pH up to 6,
different forms such as Cr2O7-2, Cr2O4- and Cr3O102 coexist, of which HCrO4- predominates. Equilibrium
shifted from HCrO4- to CrO4-2 and Cr2O7-2 as the
pH increases [9]. At lower values of pH, due to greater
attractive forces, the hydronium ions would be surrounded on the adsorbent surface, thereby increasing
Cr (VI) contact with binding positions of an adsorbent. The overall surface charge on the adsorbents
turned out to be negative and sorption decreased due
to the rise of pH [23].
At increased pH (¿ 5), there is a gradual reduction
in the degree of protonation of the surface which
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(a)

(b)
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(c)

Fig. 3: SEM images of sugar cane bagasse (SCB): (a) untreated bagasse, (b) activated bagasse, (c) carbon
activated bagasse

Fig. 4: Effect of pH on percentage sorption of Cr (VI)

decreases the sorption. At pH=2, maximum sorption
was achieved, therefore, further experiments were performed at pH=2. In this study, initially, the percentage
sorption was studied at various pH values (2–10) at
unit intervals using activated carbon 0.75g/100 ml.
Initial Cr (VI) concentration of 100 mg/l was shaken
for 20 minutes at 150 RPM. It was observed that the
sorption of Cr (VI) increased in acidic conditions at
pH=5 to 2. At pH=2, highest removal 75.21% was
obtained as shown in Figure 4. These results are in
agreement with the results of similar investigations
carried out earlier [12].
3.2.2 Impact of Adsorbent Dosage on Sorption Efficiency of Activated Carbon
The impact of the adsorbent dose was investigated
for the sorption of Cr (VI) by changing the adsorbent fraction (0.25-1.25g) using 100 mg/l Cr (VI)
solution at the optimized condition. It was observed
from Figure 5 that the sorption of Cr (VI) increased
from 54.9% to 76% with an increase of adsorbent dose
from 0.25 to 0.75 g/100 ml solution. Further increasing
the adsorbent dose shows that the rate of sorption
remained constant, which probably caused sorption

Fig. 5: Impact of adsorbent dosage on percentage
sorption of Cr (VI)

sites overlapping provided by the higher dosage of
adsorbent [24].

3.2.3 Effect of Shaking Time on the Sorption Capacity
of Activated Carbon
The effect of shaking time on Cr (VI) sorption was
studied by varying the contact time from 5 to 40
minutes with a 5-minute interval. Rotary shaker was
used for shaking the sample at 150 rpm with adsorbent
dose 0.75 g/100ml. It can be observed in Figure 6
that with an increase in agitation time, the sorption
capacity increased until equilibrium was obtained after
20 minutes. The amount of Cr (VI) adsorbed increased
up to 86.66% within 20 minutes. Hence, for further
experiments, the optimum shaking time of 20 minutes
was selected. In the present study, the optimum shaking time (equilibrium time of 20 minutes) is less when
compared with other adsorbents, i.e., coal: 45 minutes
[25][26]; grape waste: 60 minutes [13], rice husk: 120
minutes[9], and Bael fruit: 240 minutes [19].
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Fig. 6: Effect of shaking time on percentage sorption
of Cr (VI)
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Fig. 8: Effect of sorbate on percentage sorption of Cr
(VI)

as shown in Figure 8. While there is an availability
of limited surfaces in case of higher concentrations,
hence, it reduces the percentage sorption of Cr (VI).
This trend is the same as reported in various literature
[2][4][8]. The developed sorbent is found very effective
for Cr(VI) removal from aqueous solution, however,
there are not too many studies conducted on Cr(VI)
removal through batch studies. The same efficiency
range has been reported by some other studies for
arsenic removal from groundwater including [27][28].
Fig. 7: Effect of shaking speed on percentage sorption
of Cr (VI)

4
3.2.4 Effect of Shaking Speed on the Sorption Capacity
of Activated Carbon
Experiments were conducted with various shaking
speeds (90-200 rpm) at an interval of 20 rpm at optimized conditions as shown in Figure 7. Shaking at an
appropriate speed makes the binding site available and
provides intimate contact between the adsorbent and
adsorbate. Agitation at low speed does not facilitate
proper contact of metal ions and active site. Instead,
the adsorbent settles at the bottom, rather disperses in
the solution. High-speed agitation reduced the metal
sorption process. Maximum sorption of 88.88% was
achieved at 150 rpm, making all the surface binding
sites readily available for Cr sorption.
3.2.5 Effect of Sorbate Concentration on the Sorption
Capacity of Activated Carbon
The effect of the initial concentration of Cr (VI)
varying from 60 to 100 mg/L was examined on the
percentage sorption removal with 0.75g/100 ml of
solvent. The sorption percentage increased from 80%
to 98% as the metal ion concentration decreased,

Conclusion

The indigenous adsorbent developed from SCB has
shown a substantial potential for Cr (VI) removal
from dilute solutions. The sorption capacity was found
impressive. During the parametric study of sorbent,
the maximum sorption 98% of chromium was achieved
by optimization of different operational, chemical, and
physical parameters. It was observed that sorption is
dependent on various parameters such as pH, carbon
dose, shaking time, speed, and concentration of the
metal ion. Furthermore, the analytical investigations,
i.e., FTIR and SEM have endorsed the sorption results
as the variations were significant for the before and
after samples. These techniques also confirmed the
presence of Cr (VI) ions on the carbon due to the
activation process which significantly increased the
removal efficiency of the adsorbent. The development
sorbent can be applied for industrial and commercial
applications for the compliance of local and international set-regulation for effluent treatment standard.
Furthermore, this study was a batch scale which can
be extended to a continuous or semi-continuous scale
with local and regional government support.

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 75–81, JUL–DEC, 2020

Acknowledgement
The authors are thankful to the Higher Education
Commission, Pakistan and Mehran University of Engineering and Technology, Jamshoro, Sindh-Pakistan for
providing financial and technical support to conduct
this research work.

References
[1] D. Mohan and C. U. Pittman, “Activated carbons and
low cost adsorbents for remediation of tri- and hexavalent
chromium from water,” J. Hazard. Mater, vol. 137, no. 2,
pp. 762–811, 2006.
[2] M. Costa, “Toxicity and carcinogenicity of Cr (VI) in animal
models and humans,” Crit. Rev. Toxicol., vol. 27, no. 5, pp.
431–442, 1997.
[3] K. J. Cronje, K. Chetty, M. Carsky, J. N. Sahu, and B. C.
Meikap, “Optimization of chromium(VI) sorption potential
using developed activated carbon from sugarcane bagasse
with chemical activation by zinc chloride,” Desalination,
vol. 275, no. 1–3, pp. 276–284, 2011.
[4] P. Miretzky and A. F. Cirelli, “Cr(VI) and Cr(III) re-moval
from aqueous solution by raw and modified lignocel-lulosic
materials: A review,” J. Hazard. Mater. vol. 180, no. 1–3,
pp. 1–19, 2010.
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Abstract
The worldwide increasing amount of municipal solid waste causes a major problem in managing waste as well
as requires an effective solution to manage the waste generation. In Malaysia, landfilling is the main alternative
technique for managing solid waste. In the same way, the main advantage of having a landfill is that it is easy to
operate and comparatively lower in cost. Thus, in Malaysia, total 296 municipal solid waste landfills are open to
overcome this issue. Drawbacks of landfilling can includes; i) generation of noxious gases, ii) leachate wastewater
contamination of both ground and surface water, iii) problems such as odor, noise, and dust, iv) attraction of
disease vectors and, v) the requirement for considerable land area. This present research study focuses on the
characterization of Simpang Renggam Landfill (SRLS) Site such as its organic constitutes (mg/L), Ammoniacal
Nitrogen (mg/L), SS (mg/L), BOD5/COD, BOD5 (mg/L), and pH. All the analyzed results were compared with
the past researchers’ researches and also were compared with Malaysian Environmental Quality Act 1974. From the
results, it is concluded that the Simpang Renggam Landfill Site was characterized old (stabilized) landfill leachate
wastewater with BOD5/COD > 0.1. For the SRL site, it is recommended that physical-chemical method is better
fitted for the leachate wastewater treatment and the aerated lagoon technique does not support the treatment of
aging leachate.

Keywords—Leachate characterization, Simpang Renggam Landfill Site, Organic constitutes, Ammonia Nitrogen, SS, pH.

F

1

Introduction

T

he complexities of solid waste management
increase day by day. Many countries are
struggling to implement a cost-effective and
environmentally sustainable solution. The increasing
generation rate of solid waste has to make it
particularly necessary for officials in charge of solid
waste management to establish strategies for the
safe and cost-effective management of waste. The
management of solid waste usually involves recycling,
composting recovery, and combustion with or without
energy recovery, as illustrated in Figure 1. The
alternative approach to handling waste is landfill
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.13
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

disposal [1-3].
The growing amount of solid waste contributes to a
negative impact on the environment as well as the
main cause of pollution including soil, air, and water
bodies [4]. Municipal Solid Waste (MSW) is generated
from different sources including residential waste,
commercial waste, institutional waste, and industrial
waste sources. However, it does not include such
things as construction wastes, auto mobile bodies,
municipal sludges, combustion ashes, and industrial
process wastes even though these wastes might also be
disposed of in a municipal waste landfill or incinerator
[5-7].
According to sources, few common techniques are
used as an alternative to the management of solid
waste disposal, such as open dumping, incinerator,
compaction, milling, gridding, drainage discharging,
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Fig. 1: Solid waste management [1]

Fig. 2: Current practices of MSW management

sanitary land-filling, dumping and composting,
reducing and anaerobic digesting [8]. Among all these
methods, landfilling is the most widely used approach
for managing the dumping of solid waste in many
parts of the world. Other than that, disposal of urban
and industrial wastes is the most effective in low
cost, economical, and environmentally appropriate
techniques [9-12].
Leachate wastewater typically contains a higher
concentration of organic and inorganic matters,
heavy metals, and chlorinated organics [10]. Landfill
leachate usually contains a high load of the dissolved
contaminant directly discharged into the environment
which may contaminate soil, subsoil and water bodies
as well as poses serious threats to the environment,
human health, and ecosystems. Therefore, pollutant
reduction from leachate treatment has become a
significant concerned over the last few decades
[9]. There are a number of factors which affect
characterization of leachate wastewater including
the age of landfill site, hydrogeological condition,
seasonal variation, weather condition, water flowing
rate through the wastes, leachate temperatures, pH,
water contents, condition and operation of landfill
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facilities [13-16].
According to the age of landfill, landfill leachate
wastewater can be categorized into three groups: i)
young, ii) medium and, iii) old. The characteristics
of leachate wastewater versus the age of landfill
are summarized in Table 1 [17-18].According to
leachate characteristics, it can be easily categorized
and identified as young leachate or old (stabilized)
leachate. Old landfill leachate wastewater is defined
as a low biodegradable ratio value (< 0.1) which
is difficult to proceed with biological treatment
methodology. A change in the biodegradable ratio in
leachate wastewater describes the quality of various
forms of leachate wastewater that have been described
based on the landfill age and decomposition of
landfill leachate wastewater. Generally, biodegradable
ratio of young leachate include less than 1 year old,
intermediate leachate (1-5 years) and old (stabilized)
leachate (>5 years) were reported as 0.5-1.0, 0.1-0.55,
and <0.1, respectively [19].
In this paper, six parameters such as Chemical
Oxygen Demand (COD), Ammonia Nitrogen (NH3N), Power of Hydrogen (pH), Suspended Solid (S.S),
Biologycal Oxygen Demand (BOD), and Bio Degradability Ratio (BOD5/COD) were investigated and
analyzed from the SRL site. The analyzed results
were compared both with the Malaysia Environmental
Quality Act (MEQA 1974) and past research. The
work presented in this paper provides the current data
of leachate characterization properties from the SRL
site, Johore, Malaysia. Other researchers can use this
data to better understand the leachate characterization properties and propose new ideas or solutions to
improve the efficacy of leachate wastewater treatment.
Table 1 illustrates the leachate wastewater properties
versus age of the landfill [20].

2

Theoretical Approach to Minimize Waste

Figure 2 shows the current practices of MSW handling, which indicates a greater part of MSW directly
disposed off into the landfills, and less importance
has been given on reusing, recycling and composting.
Though, this practice creates environmental issues in
terms of leachate generation from the landfill and
pollute the soil and under-ground water. The present
practices are not environmentally acceptable, but are
extensively used due to the unavailable of advanced
technology and skilled professional. It is very hard for
the concerned authorities to switch from one method
to a more advanced technology [21].
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Parameters
Landfill age (years)
pH
COD (mg/L)
BOD5/ COD
HAmmonia nitrogen (mg/L)
TOC/COD
Heavy metal (mg/L)
Biodegradability
Organic Compounds

Leachate Type
<5 (young)
<6.5
>10,000
0.5-1.0
<400
<0.3
Low to medium
Important
80% volatile fatty acid

5-10 (medium)
6.5-7.5
4000-10,000
0.1-0.5
N. A
0.3-0.5
Low
Medium
5%-30% VFA + Humic and
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>10 (old)
>7.5
<4000
<0.1
>400
>0.5
Low
Low
Humic and fulvic acid

TABLE 1: Landfill leachate characteristics at different land-fill ages [20]

2.1 Environmental Issue
In urban areas, one of the major issues of MSW
in the perspective of environment is the collection,
management, and disposal. Lack of mismanagement of
solid waste jumps to environmental and social issues.
This includes contamination of air water, soil, and
aesthetics. Such environmental issues are related to
human health disorder because of increasing amount
of greenhouse gases emission [22-23].
2.2 Landfilling
A landfill is a well-known technique for the disposal
of municipal solid waste. Thus, it covers a huge area
and environmental issues regarding leachate and emits
harmful greenhouse emissions (GHG) such as CH4,
N2O, and CO2. The leachate generated by landfills
can pollute underground water and soil. However,
leachate also pollutes the surrounding environment,
living spaces, commerce, and recreational areas [24].
2.3 Air Emission
During the waste disposal process, large quantities of
landfill gasses will be released in the atmosphere at
the landfill site. These landfill gases consist mainly of
methane and carbon dioxide. With its high methane
emission, the landfill was considered one of the major
sources of methane pollution at around 50% to 60%.
According to a study, the release of 1 kg of methane
will result in an equal contribution of 35 kg of CO2
to global warming over a 20-year period. This greenhouse impact would result in changes and disrupt the
ecosystem’s equilibrium such as rising global sea levels
and extreme weather conditions such as heavy flooding
and severe droughts. In order to control the release
of methane gas in atmosphere, a proper gas venting
and collection system is necessary [25].Other than
methane and CO2, landfill gasses consist of certain
trace levels of carcinogenic-organic chemicals such as
vinly chloride, toluence, and benzene. If they are above
acceptable limits, these carcinogenic gasses will have a
harmful effect on human health [26].

2.4

Public Health

Uncontrolled dumping at the dumpsite poses a significant threat not only to site staff but also to those living
near the disposal facilities and those who derive their
income from these sources. Local authorities often get
complaints from public about bad odor from open
dumpsites and landfills without regular soil cover.
But the effect is more than just stingy taste, it puts
public health at risk. A known carcinogen is one of the
components found in the volatile organic compound
(VOC), benzene, and exposure to 1µg/m3 creates a
lifetime risk of 4 × 10−6 for leukaemia [27] (WHO,
1987).
A sample household study of conducted field research
reports around 23% out of 456 householders samples a
minimum one-case of gastrointestinal disease recorded
over a period of earlier one month and an additional
18% of a minimum of one case of typhoid, cholera or
jaundice over a period of one year due to the reuse
of untreated waste in agricultural [28]. With proper
maintenance of the sanitary landfill, especially on a
daily basis, it is possible to prevent vector breeding
and housing thus avoid epidemics such as dengue fever
and plague.

3

Materials & Methods

Following sections describe the materials and methods
used in this study.
3.1

Site Location

The leachate wastewater sample was collected manually from SRL site which is located at latitude 10
53’41.64 N and longitude 1030 22’34.68 E Kluang
district, Johore, Malaysia. A total area of the SRL site
covers approximately 14.82 acres and for the process of
leachate wastewater treatment, aerated lagoon system
is used. The landfill was managed for many years.
The SRL site is now more than 12 years old. The
initial size of the area was only 6 hectares making it
impossible to contain the high volume of waste being

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 82–88, JUL–DEC, 2020

85

Stabilized leachate has a high concentration of COD
(<3000 mg/L) and NH3-N (>400 mg/L) but low concentration of BOD5/COD [33]. The pH concentration
of leachate has a range of 7.65 – 8.27 with an average
of 7.96 and it increases gradually with time [34]. A
previous study describes that the concentration of pH
of a stabilized leachate is higher than 7.5 [35].
4.1

Fig. 3: Simpang Renggam Landfill Site

transported; therefore, the government established a
new sanitary landfill beside the existing one to manage
the waste brought from the surrounding districts. The
SRL site receives about 250 tons of solid waste per day
covering three regions (i.e. Simpang Ringgam region,
Batu Pahat region and Kluang district). Figure 3
shows the SRL site.
3.2

Leachate Wastewater Sampling

A fresh sample of leachate wastewater was collected
manually from the SRL site in a 30-L clean (HDPE)
high-density polyethylene container. The collected
samples were transported directly to the wastewater
laboratory and kept in a cold storage room at room
temperature at Universiti Tun Hussein Onn Malaysia
(UTHM) to prevent further chemical changes that
occur in their initial characterization. The experimental procedure and analysis were done according to
the method of the American Public Health Association (APHA 2012) [31]. Our study investigated six
parameters such as organic constitutes, Ammoniacal
Nitrogen, SS, pH, BOD, and BOD5/COD which were
determined and analyzed from the Simpang Renggam
landfill site.

4

Results & Discussion

Many previous research studies describe the variation in leachate quality from different landfills [32].
Leachate characteristics utilized in this study are
shown in Table 2. The leachate has a high volume of
NH3-N and COD as shown in Table 3. The average
value of COD and BOD5 is 1829 mg/L and 163 mg/L,
respectively. A fresh sample of leachate wastewater
has a biodegradability ratio (BOD5/COD) of 0.07 –
0.08 with an average of 0.07, as shown in Table 2.
The results show that the value of COD and BOD5
demonstrate that the leachate is clearly stabilized.

Chemical Oxygen Demand (COD)

In our study, the value of COD was obtained from
Simpang Renggam landfill Site (SRLS) which varies
at an average of 1829 mg/L. According to previous
studies, the authors [36] conducted a research at SRLS
in 2013. The value of COD was recorded between
13,166 and 13,500 mg/L. In another study, the authors
[37] conducted a research at SRLS in 2015 in which the
value of COD was recorded between 9839 and 15680
mg/L. The results show that from 2013 to 2017, the
value of COD decreases due to the ages of landfill (>
10 years).
4.2

Biological Oxygen Demand (BOD)

The Biological Oxygen Demand value examined in the
present research study was 163 mg/L to compare with
past research works on Biological Oxygen Demand
(BOD). The authors in [37] show that the average
recorded value was high 3183 mg/L. On the other
hand, the authors in [38] state that the BOD value
for mature landfills varies from 100 mg/L to 200 mg/L.
The BOD value is obtained from SRLS and is recorded
within the range of 100 mg/L to 200 mg/L. Based
on the obtained results, the landfill is considered as
mature landfill. By comparing the results with MEQA
(1974), it exceeds more than 50 mg/L and is considered
a better treatment to reduce the BOD concentration.
4.3

Suspended Solid (SS)

A 2013 study [36] records the value of SS to be between
270 mg/L to 1200 mg/L. On the other hand another
study reports it to be between 1200 mg/L to 1240
mg/L [37]. In this study, the SS value is recorded from
Simpang Renggam landfill Site (SRLS) which varies
at an average of 341 mg/L. According to the results,
the value of SS increases. By comparing the value with
MEQA (1974), suspended solid exceeds more than the
allowable limits of 50 mg/L.
4.4

Power of Hydrogen (pH)

The value of pH obtained from Simpang Renggam
land-fill Site (SRLS) varies at an average of 7.68 to
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Parameters
COD
Ammonia
pH
SS
BOD5/COD
BOD5

Units
mg/L
mg/L
mg/L
mg/L

Minimum
1595
404.07
7.65
316
0.07
140

Maximum
1829
406.68
8.27
367
0.08
163

Average
1712
405.37
7.96
341.5
0.07
138.66
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MEQA (1974)
400
5
6.0-9.0
50
20

TABLE 2: CHARACTERISTIC OF THE COLLECTED LEACHATE FROM SRL SITE

8.27. The value of pH increased because of the age factor of landfill and gas production [38]. Past results were
recorded in year 2013, where the obtained recorded
value of pH was from 8.31 to 8.47 [36]. Leachate is
classified as old with pH > 7.5 [20]. By comparing
the value with MEQA (1974), the obtained pH value
ranging from 6.0 to 9.0 were found to be acceptable.
Therefore, leachate can be discharged without further
pH adjustment.
4.5 Ammonia Nitrogen (NH3-N)
From the result obtained from Simpang Renggam
Land-fill Site (SRLS) which varies at an average
of 406.68 mg/L. A study was conducted [39] which
had found ammonia concentration value between 200
mg/L to 1000 mg/L. It does not have an adverse
effect on anaerobic processes. Therefore, the biological
treatment is not recommended for SRL sites from the
previous study reported by the authors in [36], which
shows a higher concentration of ammoniacal nitrogen
in 2013 that was between 755 mg/L to 2670 mg/L.
The concentration of ammoniacal nitrogen reduction
is due to the lack of organic matter [39]. By comparing
the value with MEQA (1974), the obtained value of
ammonia is found to be higher than the acceptable
limits (5 mmg/L). The concentration of ammoniacal
nitrogen can be decreased in several processes, such
as physicochemical treatment, to reach standard discharge limits.
4.6 Biodegradability Ratio (BOD5/COD)
The biodegradability ratio (BOD5/COD) is used
to determine the age of landfill [39]. According to
the characteristics of biodegradability of Simpang
Renggam Landfill Site (SRLS), it varies at an average
range of 0.08. From the obtained results, the leachate is
classified as old (stabilized) leachate wastewater with
BOD5/COD value <0.1. Thus, the concentration of
BOD5/COD decreases throughout the age increment
of landfill [40]. The characterization of biodegradable
ratio tends to be taken as the best alternative to determine biological and chemical decomposition occurred
at SRLS.

5

Conclusion

Leachate characteristics of the SRL Site were examined and analyzed. In this research study, six parameters were examined and analyzed in its composition.
Among these parameters, COD and BOD show the age
of landfill significantly affects the leachate characteristics composition of SRL site. It is concluded that from
the year 2013, the leachate characteristics changes
due to various factors. Leachate wastewater from the
SRL site contains a lower concentration of organic and
inorganic constituents based on a biodegradable ratio.
SRL site categorizes as old (stabilized) leachate. The
upgrade treatment method must be considered due
to a lack of change in the composition of leachate.
Therefore, for further works, it is suggested to be taken
into account to upgrade treatment methods that need
to be considered for leachate wastewater treatment
due to the variation of leachate composition.
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Abstract
The prime objective of the proposed study is to determine the induction of Greibach Normal Form (GNF) in
Arithmetic Expression Grammars to improve the processing speed of conventional LL(1) parser. Conventional
arithmetic expression grammar and its equivalent LL(1) is used in the study which is converted. A transformation
method is defined which converts the selected grammar into a Greibach normal form that is further converted into a
GNF based parser through a method proposed in the study. These two parsers are analyzed by considering 399 cases
of arithmetic expressions. During statistical analysis, the results are initially examined with the Kolmogorov-Smirnov
and Shapiro-Wilk test. The statistical significance of the proposed method is evaluated with the Mann-Whitney U
test. The study described that GNF based LL(1) parser for arithmetic take fewer steps than conventional LL(1)
grammar. The ranks and asymptotic significance depict that the GNF based LL(1) method is significant than the
conventional LL(1) approach. The study adds to the knowledge of parsers itself, parser expression grammars (PEG’s),
LL(1) grammars, Greibach Normal Form (GNF) induced grammar structure, and the induction of Arithmetic PEG’s
LL(1) to GNF based grammar.

Keywords—Parsing, top-down parsing, LL(1) parsing, Greibach normal form, compiler
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Introduction

A

ccording to Grune [1], “Parsing is the process
of structuring a linear representation by a
given grammar”. The linear representation can be a
sentence, a computer program, geological strata, a
piece of music, the chemical equation, etc. There can
be various reasons to do a process named parsing,
but one of them is to obtain a structure of an object
that can be processed and understood better. Parsers
are one of the best-understood branches of computer
science which specifically deals with compilers, but
parsers are already being used extensively in several
disciplines, such as in computer science for compiler
construction, database interfaces, self-describing
databases, artificial intelligence. A parser is the
second important component after compiler which
sees a stream of words extracted from the sentences
explained to its syntactic part. The parser derives
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.14
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

a syntactic structure for the program, fitting the
words into a grammatical model of the source
programming language. If the parser determines
that the input stream is a valid program, it builds
a concrete model of the program for use by the
later phases of compilation. If the input stream is
not a valid program, the parser reports the problem
and appropriate diagnostic information to the user.
Parsing some string according to some grammar
means to reproduce the string to know how a string
is produced from some grammar. One of the first
publications on parsing is Greibach’s doctoral thesis
in 1963 [2].
The requirement that we have while producing
a production tree in parsing is the need to know
whether a string does or does not belong to some
grammar. The basic connection between sentence
and grammar is parsed tree and for parse tree, there
are dozens of techniques, yet top-down parsing and
bottom-up parsing are the popular techniques for
parsing. Naveed et. al. [3] show that there are different
types of parsers, top-down parsers (with and without
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backtracking) and bottom-up parsers (operator
precedence and LR parsers). Top-down parsers with
full backtracking use brute force methods and the ones
without backtracking are recursive descent parsers
and non-recursive descent parsers (LL(1)).
Recursive descent parsing is involved when a
recursive function is written. According to the
dictionary of computing, recursive means to write
a program that needs many executions and in the
mathematical and linguistic sense means involvement
of repeated applications. On the other hand, nonrecursive parsing relates to LL(1) parsing and during
the construction of LL(1), grammar left recursions
and non-determinism must be excluded.
As per Parr et. al. [4], top-down parsing is
the process that imitates the original process of
production, i.e., to track down from the start symbol,
and bottom-up parsing is to roll back the productions
up to the start symbol. LL parser is a top-down
parser for a subset of context-free language. It parses
the input from left to right, performing the leftmost
derivation of the sentence. An LL parser is called an
LL(K) parser if it uses K tokens of look-ahead when
parsing a sentence. Looking ahead at the next symbol
helps in deciding which choice to make. The top-down
parser does the prediction of input and this prediction
has either a terminal symbol in front.
There are different types of parsers and LL(1) is
one of them. LL(1) belongs to top-down parsers. LL
and LL(1) grammars are of great interest and parsers
of these grammars are easy to construct and the
reason behind many computer languages are designed
to be LL (1). LL (1) works as follows. Let the following
rules be of LL (1) grammar and the input be (β + β).
•

γ→ α

•

γ→ (γ + α)

•

α→ β

Formal language in mathematics, computer science, and linguistics is a set of strings of symbols
together with a set of rules specific to it. In formal language theory, some of the forms that exist
are Chomsky normal form, Greibach Normal Form,
Kuroda Normal Form, and Normal Form. A set of
strings are in normal form if it cannot be rewritten any
further depending upon the rewriting an object can be
in several normal forms or none at all. As per Aggarwal
et. al. [5], languages can be used for multiple unsolved
areas and languages in the past have also been used to
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solved different complications.
In formal language theory, a context-free grammar
is in Greibach normal form if the right-hand side of
the production rule starts with a terminal symbol and
may be followed by some other symbols. This allows
epsilon (ε) to be a part of the production and this
form is described by Sheila Greibach [2]. A context-free
grammar is in Greibach normal form if the productions
are in the following form,
A→b
A → bC1 , C2 , C3 , ..., Cn A → b
A → b C1 C2 C3 ... Cn
where A, C1 , C2 , C3 , ..., Cn are non-terminal symbols
and b is a terminal symbol. If the non-terminal symbol A gives the terminal symbol, then it is Greibach
normal form. And, if a production or productions like
above, where A gives a terminal symbol b followed by
a set of variables or non-terminal symbols, then the
productions are in the form of Greibach normal form.
Parsers deal by understanding languages and their
grammars by dividing them into smaller components
which can be analyzed further, such as parsing the sentence would involve dividing it into words and phrases
and identifying each type of component. Epsilon (ε)
free LL (1) language equals the class of deterministic
languages. Deterministic top-down parsers apply a
restriction on grammar that right-hand side of nonterminal symbols of production rule starts with a
different terminals symbol and leaves it with at most
one element.
The prime objective of the proposed study is to
determine whether the induction of Geribach normal
form in context-free grammar improves the processing
speed of the LL(1) parser. The said objective would be
addressed by considering the following sub-objectives.
• Analysis of the contemporaneous structure of the
arithmetic grammar for LL (1) and GNF induced
grammars.
•

•

2

Definition of LL (1) and GNF induced LL
(1) grammar and possible patterns for its
simplification.
Asymptotic analysis of the synthesis of LL(1) and
GNF induced LL(1) parsers.

Literature Review

According to Fisher et. al. [6], LL (1) and strong
LL (1) differ in error detection. Both have corrected
prefix property, but LL (1) has an immediate error
detection mechanism. When it encounters a large
string, it rejects it but strong LL (1) on the other
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hand can produce wrong parsing strings. Such errors
can seriously interface with the correction process.
Fisher et. al. [6] suggested that instead of strong LL
(1), LL (1) must be used results tripled the number
of non-error entries in the parsing table. Ghezzti
et. al. [7] suggested the transformation of strong
LL (1) into structured strong LL (1) causing the
increased size of the parsing table. According to the
work of Parr et. al. [8], parsers are not a tackled
issue and notwithstanding the intensity of (PEGs)
parser expression language structures (grammars).
Adding non-determinism to conventional LL and LR,
parsers can prompt unforeseen parse time conduct
and presents down to earth issues with blunder taking
care of, single-step investigating, and side affecting
installed language activities.
Slivnik et. al. [9] and Yamaguchi et. al. [10] studied
LL(K) and LR parsers per induced LR(K) parser
called left LR(K) parsers. They induced the properties
of LL(k) parser to LR(K) where compiler remains at
present input string and does not leave any markers
to the prefix of string and stop compiling while there
is a suffix. The result shows same compiling time
for induced and non-induced derivations. Edelman
et. al. [11] made a performance comparison between
simple LL(1) with derivative, Zippy parser with cache
property, and Scala parser combinators library. In
his analysis, Scala parsers outperforms rest, while
cached zippy parsers outperforms zippy parser and
simple LL(1) parser remains same. All parsers are
with derivatives and numbering remains same for
speed and parse time(ms).
Parr et. al. [12] argue theoretically and in practice
for LL and LR parsers in making lookahead number
of tokens more than one, say K > 1, and justify
by making it possible by more heuristics computing
approach. Beatty studies LL(1) and LALR (1) parsers
with expansion function and states two cases for
theorem by letting Grammar (G) stored in array
positions and there are no lookup functions then rules
of grammar (G) also stored in an array. Arithmetic
arguments result in a total of n(n + 1) non-error
gotos and non-error lookaheads 3n + 1, making LL
(1) storage O(—G—2) and LALR (1) storage linear
O(—G—). Taylor et. al. [13] provide evidence that
most of the compiler designs in primers of parsing
algorithms and deterministic push-down automaton
associations are couched. Their evidential study shows
that parsing algorithms are very much clear to extinct
where they can be constructed as a deterministic
automaton.
Nguyen et. al. [14] transform LL(1) into objectoriented predictive descent parsers and the resultant
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is a grammar with inheritance class model properties
where tokens determine whether input matches
the grammar within a sequence made possible by
eliminating some conditions and by adding a bit of
a perturbance following the open-ended tokens. Parr
and Fisher [15] studied parser expression grammars
(PEG) and GLR, stating that parsers do not solve
problems by pointing their focus on LL and LR. They
also pointed the fact that if LL and LR get introduced
to PEG altogether, GLR causes parsers to run time
errors, single-step debugging, and grammar action
effects. They further analyzed LL(*) parser algorithm
which has properties as error handing and maintains
cyclic lookaheads which on the way overcomes PEG
and GLR parsers errors. Their study reveals that
ANTLR parsers remove backtracking and LL (*)
includes the parser performance. Slivnik et. al. [16]
introduce LLLR parser which has the properties
of LL(K) and LR(K) parsers with no backtracking
resolving conflicts with LL(K) instead of LR(K)
parser. Embedment results in a new parser strategy
LLL(K) that in comparison to LL (*) comes without
backtracking.
Parr et. al. [15] put on a fact that besides all
advances and latest technologies introduced to parsers,
parsing is still not a solved field. Further directing
towards side embedment are weak performance, and
counter-intuition strategies with other weaknesses
of parsers such as PEG’s, GLR, GLL, LL (*). They
introduced a new strategy ALL (*) that includes
left-recursion and grammar rewriting together with
ANTLR-4 data of 5000 downloads per month.
Sippu and Soininen [17] introduced canonical LL(K)
parsers with K = 1, error detection, and error
handling capabilities. Canonical LL(K) parsers are
the combination of properties of LR(K) and LL(K)
parsers. They also point out the fact that the LL(K)
parser is a dual nature of the LR(K) parser.
Afroozeh et. al. [18] presented a generalized LL
(GLL) parser and proposed a new GSS parser with
properties of parsing highly ambiguous grammar
and deterministic grammars. GLL and GSS both
at worst complexity times are cubic. Bertsch et. al.
[19] studied time complexity of parsers with spaces
included in most grammar original forms. Studies of
time complexity of context-free grammars (CFG’s)
shows that they are cubic with spaces in the input
stack included. LL(1), bi-directional LL(1) and XML
grammars are mostly linear, but sometimes quadratic,
depending on the number of spaces included in
the input stack. Scott et. al. [20] studied GLL
algorithms with Tomita-style RNGLR and produced
a new algorithm that performs derivation in its
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algorithm formation structure and can drive SPPF
style for any input string for the parser. Shilling
et. al. [21] introduced a language editor for LL(1)
parser generators as the same kind that is used in
Fred-language editors. The resultant parser performs
efficiently after the grammar is transformed and adds
to the benefit of program structure.
Youshida et. al. [22] worked on algorithm H
and revealed structural properties like recognizing
LL(1) products by table handling limited to a set of
instructions without mathematical operations. Their
resultant grammar can also pinpoint the instructions
that do not belong to LL(1) grammar. They further
addressed the fact that most of the parsers work
is related to LL(1) and is proof of the fact that
LL(1) mostly has scholars’ attention. Henceforth,
the authors introduced the new algorithm that is
semi- LL (*) with K ≥ 2 and they also discussed
algorithm proof. Lasser et. al. [23] introduced the
parser generator of LL(1) grammar that recognizes
sets of input strings that belong to LL(1) grammar
structure. Authors used Coq proof to test and verify
their parser generator. They further extracted source
code of tools generator to further generate JSON
parser which turns out to be cubic in time complexity
in comparison to unverified ones. Singal et. al.
[24] developed a tool CYCLOPS to address parse
conditions related to LL (1) grammar as it is still an
intensive work, they mentioned. Their tool CYCLOPS
is a combination of two utilities syntax error handling
and parser synthesis. Cyclops (tool) performs 80%
of targets in 30 seconds. Femister et. al. [25] created
a parser generator that holds the properties in the
combination of skeleton parser and table generator
parser that successfully generates the LL(1) based
parser with implementation on turbo pascal and
author also discussed new LPARSER in comparison
with LR and LL parsers.
Goloveshkin et. al. [26] introduced LanD
parser that is used for Any based modification. In
tolerant grammar syntax, water resembles irrelevant
instruction that is being replaced by the symbol Any
for LanD parser. In the study, a technique is described
to eliminate error and to detect error recovery under
LL and LR parsers. Results describe that for complete
programs C# and Java parsers performed more
viable with a newly generated parser. Nijholt et. al.
[27] suggested that for any appropriate context-free
grammar G, there exists a context-free grammar G0
which is Non-left recursive (NLR) and transforming
grammar into normal forms or to grammars that have
other parsing properties can once in a while prompt
quicker or more conservative parsers for grammars.
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They further suggested that the first transformations
to Greibach normal form are because of the creator
Greibach and her calculation changes an epsilon free
context-free grammar without single generation into a
context-free grammar in normal form.
An analogous method for the adaptation of
context-free grammar into Greibach normal form is
conferred by Hopcroft et. al. [28]. Starting with the
definition of Greibach normal form, i.e., a context-free
grammar is in Greibach normal form if productions
are of the form as A → aX , where a ∈ T ∧ X ∈ V ∗ ,
T is terminal symbol, V stands for variable, and
A → aX represents any number of variables before
terminal symbol at the very start of production.
A theorem that Hopcroft adapted for the
conversion is as follows. To convert context-free
grammar into Greibach normal form, context-free
grammar is firstly converted into Chomsky normal
form i.e., in Chomsky normal form there can only
be single or only one variable after the terminal
symbol as B → bY , where b ∈ T ∧ Y ∈ V . ∀
context free grammar G ∃ G‘ ≡ Greibach normal form
where  ∈
/ L(G). For the conversion into Chomsky
normal form let there be a grammar G = (V, T, P, S),
conversion starts by eliminating useless variables
that cannot be used as terminal symbols and by
eliminating unused variables. Thirdly eliminating 
production (productions that leads rules to become
null or void as result). Fourthly, by eliminating unit
productions and hence, there will be a grammar G
in Chomsky normal form. Medeiros et. al. [29] and
Medeiros et. al. [30] presented a parser expression
grammar (PEG). While working on the structure of
PEG’s, authors also demonstrated some properties of
context-free grammars (CFG) and PEG’s. Some of
them are as follows. The empty string below provides
knowledge and basic arithmetic formulation of any
grammar G with any number of variables X including
epsilon ε as part of the grammar.
Considering a grammar G with any number of
variables X including epsilon ε, there exists a terminal
symbol or terminal state with three cases. The case I
was a terminal symbol (I) within grammar G exists
with a combination of any other variable a and X
being input string from G. Case II of a terminal
symbol (II) depicts two different productions cannot
lead to the same output. Case III of a terminal symbol
(III) depicts ε can not be part of the production
where it leads the whole production set to a null state.
Variable I explains production A of grammar G can
provide xy where it can also provide y or X separately.
Variable II depicts a production must have access to
all the possible symbols of grammar.
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Empty String - G[ε]X ∼
= (X, ε)
Terminal Symbol(I) - G[a]aX ∼
= (X, a)
Terminal Symbol(II) - G[b]aX ∼
= f ailure,
where b 6= a
Terminal Symbol(III) - G[c]ε ∼
= f ailure,
where c, b 6= a
Variables (I)
G[P (A)]xy ∼
= (y, x)G[P (A)](y, A[x]).
Variables (II)
G[P (A)]x ∼
= f ailure
∼
G[(A)]x = f ailure
Reghizzi et. al. [31] worked on Chomsky normal form (CNF) and Double Greibach normal form
(DGNF) while inducing CNF to DGNF. Working with
Dysk Ω and homomorphism, Ω leads to the properties
that provides grammar G to be independent of its
size and dependent on the current production parser
is working on. Now, with these properties’ authors
work on two cases one with alphabetic type homogeneity and the second without homogeneity. They
have
P
improved the polynomial complexity of O(| |46 ) to
degree two. Mascarenhas et. al. [32] formulized context
free-grammar (CFG) with parsing expression grammar
(PEG) and presented a newly formalized form that
takes LL grammars irrespective of what type it belongs
to. Authors also differentiate and formed similarities of
CFG’s and PEG’s. They also formalize with defining
parsing expression grammar syntactic structure.
c = ε | b| B|a1 a2 |a1 |a2
Where parsing expression grammar syntax above explains empty string, terminal, non-terminal, concatenation, and choices as a1 and a2 .
Medeiros et. al. [33] came up with a machine based
on PEG’s that can work on recursive descent parsers
and their syntax. The machine focuses on the pined
point of labeled errors and results in working out the
bull’s eye (labeled errors) by lowering the number of
syntax errors. Ford et. al. [34] discussed CFG’s and
PEG’s. Their study focused on PEG’s regular expression grammar which works on a priority basis and is
expressive. Their work further provides a parser that
is built on PEG’s and is of linear time complexity that
also over achieves gaps of generalized CFG’s parsers.
Loff et. al. [35] explained PEG’s and palindrome’s
language. They proposed a mathematical model that
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proves the computational complexity of PEG. Further,
PEG’s are universally commutative, with no pumping
lemma and turning machine whose input stack can do
computational steps of O(n/ log n2 ).
Medeiros et. al. [36] transformed regex structure
languages to PEG’s by achieving a computational
model for regex structure matches. The computational
model can transform regular expressions (RE’s) to
parser expression grammars (PEG’s). Blaudeau et. al.
[37], instead of working on definitive parsers, worked
on parser tree structure that represents correct parsing. By using reference parser, they have developed a
different parser that is capable of semantic interpretations though the complexity of both the parsers is
somewhat the same. Matsumura et. al. [38] pointed
out the fact that most of the syntaxes with PEG’s are
hard to recognize. Their work represents Nez extension
as a Nez extensive language that can overcome hard
syntax of PEG with most of the scripting languages
and nominating programming languages like C/C++,
Python, Ruby, and C# with particle approach.
Andrain [39] investigated whether a language in
Chomsky normal form (CNF) be transformed into a
different language structure as Greibach normal form
(GNF). Thus, their work represents the correct and
complete transformation of CNF into GNF and answer
the presented question by yes it can be completely
and successfully be transformed. Moss et. al. [40] introduced their own new declarative parser algorithms
that can parse up to polynomial worst-case scenario
and adds to the computability of recursive descent
parsers. In another study Moss et. al. [41] presented
another algorithm that can parse the PEG’s algorithm
with worst-case space and rum time complexity of
linear time. Lurent et. al. [42] worked with PEG’s
and recursive descent parser then come up with a set
of properties for such type of languages. Properties
like disambiguation, unification, composition of both
syntactical and lexical. They also add value to PEG’s
study by explains the explicit phenomenon.
Yamaguchi et. al. [43] worked on tree structures of
PEG’s and regex language structures. They presented
a new PEG structure like regex notations that represent structural constraints. They focus on RE’s (regular expressions), XML schemas, and tree automaton
formalization. Dawson et. al. [44] presented Automatic
Validation Input Data (AVID). Through unambiguity
of PEG’s, they suggested that operating system vulnerability written in language RUST can be overridden. Born et. al. [45] proved the complexity practice
wrong that transformation of synchronous contextfree grammars (SCFG’s) to synchronous tag adjoining
grammars (STAG) doubles the number. Their study
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reveals that the complexity of transformation is cubic
instead of doubling whatever exists as the complexity
number. Tratt et. al. [46] described that PEG’s cannot
handle left recursion under ambiguous recursive descent parsing and proves that introducing properties of
packrat parsing properties by Warth et. al. overcomes
the exited problem of not handling direct left recursion. Naveed et. al. [3] worked with terminal prefixing
by introducing it as a normal form around CFG and
creating a hybrid structure for parser grammars and
especially LL(1) grammar. The induced terminal prefixing with LL(1) and achieved a polynomial difference
of complexity and induced hybrid structure to achieve
its goal with a visible difference in the number of steps
for possible inputs.

3

Materials and Methods

This study aims to identify the impact of the induction
of Greibach normal form on conventional LL(1) grammar of arithmetic expression. The significance of said
transformation will be evaluated with the construction
of the parsing table on GNF based LL(1) grammar
and analyzed with conventional LL (1) parsing table.
Following are the main steps of the proposed research
methodology.
• Conversion of LL(1) grammar into GNF based
LL(1) grammar.
• Construction of First & Follow Set over the GNF
based LL(1) grammar.
• Construction of GNF based LL(1) parsing table.
• Execution of Test Cases on conventional LL(1)
parsing table.
• Execution of Test Cases on GNF based LL(1)
parsing table.
• Comparative evaluation of the results of step 4
and Step 5 through statistical analysis.
The proposed study is principally concerned with the
arithmetic expression grammar; however, the above
steps are not only applicable to arithmetic expression
grammar, but also any conceivable LL(1) grammar.
Figure 1 is an illustration of the proposed research
methodology.
3.1 Conversion of LL(1) Grammar into GNF
Based LL(1) Grammar
To convert the LL(1) grammar in GNF induced LL(1)
grammar, following algorithm is constructed. The algorithm named “conversion algorithm for LL(1) grammar into GNF based LL(1) grammar” in the very first
step satisfies the conditions that there cannot be any
null or useless production left in the grammar. Step
two defines that after the implication of the first rule,
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Fig. 1
grammar must remain ambiguous. The algorithm below follows the steps for conventional LL(1) grammar,
but is not recommended. First and follow can be found
by following different steps for respective grammars.
Algorithm 1: Conversion algorithm for LL(1)
grammar into GNF based LL (1) grammar
1) Start.
2) If for all (∀) the symbols (X),
3) else there does not exist () a case, where X =ε and
X=a
4) else for all the symbols (∀), there does exist a case
(∃) where X → x1 |x2 |x3 |x4 |...|xn .
5) else X is the unambiguous production after satisfying rule 1.
6) else The First(X(a)), the very first symbol of X is
‘a’.
7) else Follow (X(b)), the very second symbol ‘b’
following the first symbol ‘a’ of X.
8) else for all(∀) non-terminals ’X’, then there exists
a condition if and only if (iff ) First(X) = ε.
9) else then there exists a juncture of First(X) with
Follow(X) which equals ε as Follow (X) = ε.
10) else There exists resultant LL (1) grammar with
parsed cases.
11) else LL (1) grammar induced in GNF.
12) else then there exists condition if and only if ∃ iff
X → a.
13) else Where X → a y1 , y2 . . . yn .
14) else Where by following GNF conditions “a” is
a terminal symbol, followed by any number of
variables
15) hence y1 , y2 . . . yn .
16) else if Steps 1 to 4 results in parsing table and step
4 results in parsed cases converted under GNF
based LL(1) grammar.
17) End.
Step 3 is the simple formation of first and follow for
every production in the grammar, so that the parser
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must know how to perform tasks following the grammar rules. Rule 6 puts forward its role of converting
the said LL(1) grammar into the new form of GNF
induced LL(1) grammar with steps 7 and 8 making
sure GNF structure gets to be followed.
3.2 Construction of First & Follow Set Over the
GNF Based LL(1) Grammar
The First set depicts the very first symbol that could
appear at the very start of any production p and lead
the parser to-wards performing said tasks of algorithm.
The follow set leads the parser to keep on performing
production tasks till parser reaches the very end and
satisfies the appeared conditions.
Algorithm 2: First Set
1) Start.
2) If ‘A’ can be a terminal ‘t’ for all of X, then First
(A) = {A}.
3) else if and only if A = ε then, ε ends up by adding
to First (A).
4) else for every non-terminal ‘n’ of ‘A’ there exists,
A = B1 , B2 ...Bn .
5) else for all of ε, ε adds up to First (B1 ), First (B2 )
. . . First (Bn ) than to First(A).
6) else there is a condition where A is non-terminal
‘n’ then, A ends up by adding to production A →
B1 , B2 , . . . , Bn .
7) else add ‘A’ to First (X).
8) else If for j th A is First (B1), then ε is in rest of
First (B1 ), First (B2 ) . . . First (Bn ).
9) End.
The algorithm ‘First Set’ depicts the application of
steps 1 to 3 for start. Then, further steps for First
(B1 , B2 , . . . , Bn ). Further, the ε adds to First(B1 ),
First(B2 ) . . . First(Bn ). Then, there is a condition
where ε which is part of First(B1) leads to the existence of ε in (B1 ), First(B2 ) up to First(Bn ). Algorithm 3: Follow Set
1) Start
2) If the end symbol is $ with the start symbol being
S then there exists $ ∈ Follow (S).
3) else there exists a production C → βDγ then First
(γ) can be a subset of Follow(D).
4) else with production C → βD, the productionC
→ βDγ results in adding ε to First (γ) then to
Follow (C) being a subset of Follow (D)
5) End.
The algorithm ‘Follow set’ works computation of
following set with n being non-terminal concerning follow set generation. The computation of the following
set depicts where ‘n non-terminal could appear on the
right-hand side of any said production.
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3.3 Construction of GNF Based LL(1) Parsing
Table
Parsing table is a tabular format of the parser. It tells
the parser about actions that leads to satisfying the
appearing algorithmic conditions. The tabular formations of the parsing table may lead a grammar G in
producing productions that could accomplish certain
tasks in a specific and required amount of time.
The following algorithm explains the parsing procedure for the parser table. Step 1 of the algorithm named “parsing table algorithm” explains nonterminals N , lookahead t, and the number of productions carrying N , t, and X. step 2 gives knowledge of
the parsing table constructed by following the simplest
rules, while step 4 explains the total of tuples used
within parsing table. Step 5 points to non-terminal N
and lookahead t and step 6 begins for blank spaces
mentioning the error.
1) Start
2) If For the parser to use non-terminals N, with
lookahead t and productions.
3) else there exists a condition ∃ X
4) else for all X such that with nonterminal ‘N’ and
lookahead symbol ‘t’ there is ∀X| (N, t).
5) else ∀X| (N, t) produces the number of steps for
the algorithm to work.
6) 6. else Above-mentioned LL (1) Arithmetic Grammar for Parsing Table (X’).
7) else there also exits X‘ for all nonterminal ‘N’ and
lookahead symbol ‘t’ then ∃ X 0 | ∀ X 0 (N, t).
8) else there exists ∃0 N (non-terminal) with t
(lookahead) ∀ X 0 .
9) else if ∀ X 0 blank spaced entries being errors.
10) End.
3.4 Execution of Test Cases on Conventional
LL(1) Parsing Table
Test cases of approximately 400 in several different
combinations according to LL(1) parser are tested
under the execution of said algorithms. The cases are
to confirm the proper execution capability of the LL
(1) based conventional parser form. The test case input
stack also varies in size to test the LL (1) parser limits.
3.5 Execution of test Cases on GNF Based LL(1)
Parsing Table
Test cases used for LL(1) parser perspective are also
used for GNF based LL(1) parser to check out the
parsing capability of GNF induced LL(1) parser. The
test case input stack is also the same in number and
size to match the exact limit parser has achieved after
induction.
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S → expr
expr → term expr’
expr’ → + expr
expr’ → - expr
expr’ → ε
term → factor term’
term’ →* term
term’ → / term
term’ → ε
factor → num
factor → id
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First
{num, id}
{num, id}
{ ε, +. {num, id}
{ ε, *. /
{num, id}
{id}
{}
{∗}
{/}
{+}
{−}

TABLE 1: LL (1) Arithmetic Grammar

Follow
{$}
{$}
{$}
{+. − .$}
{+. − .$}
{+. − .∗, /, $}
——–
——–
——–
——–
——–
——–

TABLE 2: First and follow table for LL(1) grammar
3.6

Comparative Evaluation

S → num term’ expr’
S → id term’ expr’
expr → num term’ expr’
expr → id term’ expr’
expr’ → + expr
expr’ → - expr
expr’ → ε
term → num term’
term → id term’
term’ → * term
term’ → / term
term’ → ε
factor → num
factor → id

In this phase, the results obtained from Section 3 and
Section 4 will be analyzed. The first phase in the
evaluation is to check the normality of data which in
this case is the steps involved in the observed data, the
statistical methods like T-test and U-test are used to
analyze the results.

4

Evaluation and Discussion

After the text edit has been completed, the paper is
ready for the template. Duplicate the template file
by using the Save As command, The steps defined
in Section 3 are applied to the LL (1) grammar of
arithmetic expression which is shown in Table 1.
The grammar above accompanies tuples terminal
symbols, non-terminal symbols, epsilon 0ε0 productions. The terminal symbols are +, -, *, /, id, and num
where non-terminals are expr, term, expr’, term’, and
factor. The epsilon 0ε0 in the grammar neglects the loop
production scenarios. The grammar above remains unambiguous as it does not hold any non-necessary unit
production, not reachable useless productions, and εfree production where ε does not cancel out the whole
production set and put LL (1) parser at halt state. The
LL (1) arithmetic grammar holds the condition of nonleft recursion and as it seems that there are not any
such rules in the mentioned grammar that generates
left-recursions.
The First and Follow of LL (1) grammar of arithmetic and the expression are shown in Table 2.
Here appendix 1 is the parsing table for above
mentioned conventional LL (1) arithmetic expression
grammar. The parsing table is a tabular depiction of
the parser execution under-studied grammar. Parsing
appendix 1 of the conventional LL(1) arithmetic expression grammar is mentioned in an appendix because of its size and readability.

TABLE 3: GNF induced LL (1) grammar

4.1

GNF Based Arithmetic Expression

The grammar in Table 3 holds a newly structured
grammar that is formulated by inducing GNF to the
existing LL(1) grammar structure. The productions of
grammar below carry syntactical formation of typical
Greibach normal form (GNF) which is the terminal
symbol followed by any number of said variables.
Construct 3 parsing trees for some expressions
(3) with conventional grammar and with GNF based
grammar. Present the trees in comparative form. Discuss each pair of parsing trees (1st of conventional
grammar – 2nd of GNF based grammar) by discussing
their node, levels, and depths. Below are the parsing
trees of some input strings parsed under conventional
LL(1) grammar and GNF based conventional LL(1)
grammar as in comparison.
Figure 2(a) and Figure 2(b) show the parsing tree
of input string “id + id”, but Figure 2(a) is the parsing
tree of conventional LL(1) grammar with root as ‘S’
and leaf nodes are “id, , +, id, , ”, where inner nodes
are “expr, term, expr’ and factor”. Figure 2(b) is the
parsing tree of the same input string, but parsed with
GNF based conventional LL (1) grammar through root
as ‘S’ and leaf nodes are “id, , +, id, , ” along with
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Fig. 2a: Parsing tree of “id + id” with conventional
LL(1) grammar

Fig. 3b: Parsing tree of “id+id+num” with GNF based
conventional LL (1) grammar

Fig. 2b: Parsing tree of “id +id” with GNF based
conventional LL(1) grammar

Fig. 4a: Parsing tree of “id+id+num+num” with conventional LL(1) grammar

inner nodes as “term’, expr’, expr“.
The number of nodes in the parsing tree shown in
Figure 2(a) in level 7, depth 6 is 2d, where d is depth;
hence, the total number of nodes in Figure 2(a) parsing
tree is 64. Figure 2(b) carries a parsing tree of level 5,
depth 4, and the total number of nodes as 16.
Figure 3(a) and Figure 3(b) both are the parsing

Fig. 3a: Parsing tree of “id+id+num” with conventional LL (1) grammar

tree of input string “id + id+ num” but Figure 3(a) is
the parsing tree of conventional LL(1) grammar with
root as ‘S ’and leaf nodes are “id, , +, id, , +, num,
, ” where inner nodes are “expr’, term, expr, term’
and factor”. Figure 3 (b) is the parsing tree of the same
input string but parsed with GNF based conventional
LL(1) grammar thru root as ‘S’ and leaf nodes are “id,
, +, id, , +, num, , ” along with inner nodes as
“term’, expr’“.
The number of nodes in the parsing tree shown in
Figure 3(a) in level 7, depth 6 is 2d, where d is depth;
hence, the total number of nodes in Figure 3(a) parsing
tree is 64. Figure 3(b) carries a parsing tree of level 5,
depth 4, and the total number of nodes as 16.
Figure 4 (a) and Figure 4 (b) both are the parsing
tree of input string “id + id+ num+ num” but Figure 4
(a) is the parsing tree of conventional LL (1) grammar
with root as ‘S ’and leaf nodes are “id, , +, id,
,+,num,,+,num,,” where inner nodes are “expr’, term,
expr, term’ and factor”. Figure 4 (b) is the parsing tree
of the same input string but parsed with GNF based
conventional LL (1) grammar thru root as ‘S’ and leaf
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Fig. 4b: Parsing tree of “id+id+num+num” with GNF
based conventional LL(1) grammar
FIRST
{num,id}
{num,id}
{+,-,ε}
{num,id}
{*,/, ε }
{num,id}
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Fig. 5: Scatter diagram of steps

FOLLOW
{$}
{$}
{$}
{+,-,$}
{+,-,$}
{undefined}

TABLE 4: 3 first & follow sets
nodes are “id, , +, id, , +, num, , +, num, , ” along
with inner nodes as “term’, expr’, expr“.
The number of nodes in the parsing tree shown in
Figure 4(a) in level 7, depth 6 is 2d, where d is depth;
hence, the total number of nodes in Figure 4(a) parsing
tree is 64. Figure 4(b) carries a parsing tree of level 5,
depth 4, and the total number of nodes as 16.
4.2

First & Follow Sets

Table 4 shows a set of first and follow of GNF induced
LL(1) grammar mentioned in Table 3.
4.3 Construction of GNF Based LL(1) Parsing
Table
Here follows the paring table of GNF induced LL
(1) grammar. The parsing table is of the grammar
mentioned in Appendix 2.

5

Results & Discussion

During the study, 399 arithmetic expressions are evaluated with conventional LL(1) parser and parsed with
GNF based LL(1) parser. The steps performed during
the parse of analyzed and descriptive statistics are
shown in Appendix 3. Descriptive statistical analysis
in Appendix 3 provides information regarding the
Mann-Whitney U test. Firstly, the reason for descriptive statistics is to compare the groups (LL(1) and

Fig. 6: Boxplot of step involved during parsing
GNF (GNF Induced LL(1) grammar)). The mean,
median, standard deviation, skewness, and Kurtosis
are mentioned in the Table 4. For further illustration,
Boxplot is defined on the steps taken parsers and
the result is shown in Figure 6. The above Boxplot
inferred the number of steps taken by each grammar to
parse input strings. Figure 6 depicts the GNF induced
LL(1) (GNF) takeing a smaller number of steps to
parse input string than the one by conventional LL(1)
parser.
For point-to-point analysis of LL(1) and GNF based
LL(1) parsers, the steps taken by these parsers are
shown with a scatter diagram (Figure. 5).
The scatter diagrams show that the GNF induced
LL(1) takes fewer steps in execution than conventional
LL(1). Normality tests are conducted on the steps
taken by both parsers during checking the arithmetic
expression, and the results are shown in Table 5.
The normality test of grammar (GNF) was assessed and the Shapiro-Wilk test indicated that the
score was W (399) =.000. The normality test of grammar LL(1) was also assessed and the Shapiro-Wilk
test indicated that W (399) =0.000. To analyze the
data arrangement, normality tests are conducted. The
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Steps

Grammar
GNF
LL (1)

Tests of Normality
KolmogorovShapiroSmimova
Wilk
StatStatDf
Sig
Df
Sig
istic
istic
.077
399
000
.979
399 .000
.070
399 .000
.979
399 .000

TABLE 5: Tests of normality
Parser
LL (1)
GNF based LL (1)
Total

N
399
399
798

Mean Rank
468.07
330.93

Sum of Ranks
186758.00
132043.00

TABLE 6: Ranks
above tests determine the range of normal distribution compiled from random samples to original data.
Mann-Whitney Test is conducted on the steps involved
during parsing and ranks are shown in Table 6.
The test statistics of the Mann-Whitney Test are
shown in table 7.
Table 7 shows the scores of grammars (LL(1))
Mdn =60.00 was higher than (GNF Based LL(1))
Mdn =43.00. A Mann-Whitney test indicated that
this difference was statistically significant. The other
values include U (NLL(1) ) =399, NGN F BasedLL(1) = 399
=52243.000, Z =-8.404, and p < .001.
The proposed GNF based LL(1) algorithm and the
conventional LL(1) algorithm works side by side, but
GNF Induced LL(1) parser takes fewer steps to execute input string as compared to conventional LL
(1) parser. GNF based LL(1) parser’s execution time
develops linearly with the number of steps involved in
executing input string. The execution time is directly
proportional to the number of steps involved in completing the whole process.
The proposed GNF induced LL(1) algorithm reaches
out to Big O worst-case linear complexity. Both the
algorithms conventional LL (1) and GNF induced
LL(1) algorithm performs under the worst-case state
of O(N). The number of execution steps matches the
iterations needed to complete a function, but Big O
notation always looks for an upper limit where the
algorithm could execute at its maxi-mum state. Hence,
both the algorithms are dependent linearly.
Tests
Mann-Whitney U
Wilcoxon W
Z
Asymp. Sig. (2-tailed)

Steps
52243.000
132043.000
8.404
.000

TABLE 7: Test statistics

6
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Conclusion

In this paper, we arranged grammar in two sets,
i.e., onventional LL(1) and GNF based LL(1), and
arranged data of 399 input stack among four cases
of a different combination of values for each set of
grammar. By analyzing data through statistical methods, we found that if conventional LL (1) parser is
combined with GNF, the newly generated from that
is GNF based LL(1) parser can work more effectively
than the conventional LL(1) parser.
The induction is set to achieve parser efficiency
and more often for granted grammar. This study adds
to some knowledge in the respective field. The topdown parsers are factors that limit the parsers, as
there is no back-tracking which involves chances of
the algorithm to go in halt state and with LL(1)
structure there comes limitation with single lookahead
symbol and no-left recursion structure of the grammar
syntax. To improve this study, a comparison can be
made between two or more inductions of such kind
to achieve a method that could improve the parser’s
working capability regarding grammars.
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Nonterminal

+

-

*

expr’→
+ expr

expr’→
- expr

term’ →
ε

term’ →
ε

/

S
expr
expr’
term
term’

term’→
* term

term’→
/ term

factor
Appendix - 1
Nonterminal
S
expr

Num
S→
num term’ expr’
expr→
num term’ expr’

id
S→
id term’ expr’
expr→
id term’ expr’

term→
num term’

term→
id term’

expr’
term
term’
factor

factor→
num

Parser
LL (1)
GNF induced LL (1) parser

factor→
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Min
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num
S→
expr
expr→
term expr’

id
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expr
expr→
term expr’

term→
factor term’

term→
factor term’

Factor →
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factor→
id

+
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expr’→
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term’→ ε

term’→
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$
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Abstract
The utilization of (HSC) high strength concrete in the construction industry is increasing all over the world because it
reduces the cross-section of structural members and increases floor area. High strength concrete can be produced by
using high cement content with low w/c ratio, mineral admixtures, and chemical admixture, and with suitable fiber.
Nevertheless, in this research, HSC mix was achieved with the use of a special type BASF Master (M)/Polyheed 996
super-plasticizer based on polycarboxylic ether available in the market which reduced the w/c of concrete mixes,
albeit attaining adequate workability. Compressive strength, up to 63 Mpa at 28 days, was achieved at slump value
178 mm by utilizing locally available materials like cement, sand, and coarse aggregates with a maximum 1.2% (by
weight of cement) dosage of super-plasticizers. HSC has high workability, and to control the workability, different
percentages of polyester fiber length 32 mm were also added to HSC. Polyester fiber controls the workability and
improves the properties of HSC. There were four mixes designed with polyester fiber. The addition of polyester
fiber content was 0.2%, 0.3%, 0.4%, and 0.5% (by weight of cement) in HSC, and the slump value were 153mm,
127mm, 102mm and 76mm respectively. It was observed that the usage of polyester fiber (0.2% to 0.5%) decreases
workability by 14% to 57% of HSC. Therefore, it was concluded that increasing the percentage of fiber decreases
the slump to the required value.

Keywords—HSC, Aggregate, Superplasticizer, Polyester fiber, Workability
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1

Introduction

H

SC is a major construction material in concrete
technology. It is economical, resourceful, and constructs structures that are not only strong, durable
but also possess architectural polish, beauty, and style
techniques as well. In last few decades, the main
purpose of the construction industry was to achieve
“high strength”, but the present mega projects and
high-rise structures need such type of concrete which
have properties such as high workability, performance,
and durability [1].
High-strength concrete is defined according to
ACI363 R -92 as “concrete having a specified compressive strength of 8,000 psi (55 MPa) or greater”[2].
According to code UK, BS EN 206-1 defined highstrength concrete as “the concrete with compressive
strength class greater than C50/60”. Generally, concrete with a specified characteristic cube strength
between 50 and 100 N/mm2 is considered as high
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strength concrete[3].
The production of HSC and
high-performance concrete is increasing due to its
requirement in the construction of high-rise buildings
and other mega projects. It is possible by utilizing
large cement content, low water-cement ratio, mineral
admixture, special types of fiber, and superplasticizer
high range water reducer [4-7].However, the main
concern is that cement industries are contributing to
an increase of about 10% of carbon dioxide globally.
To minimize the use of cement in the construction
industry, it would be best to utilize other cement
replacement materials such as rice husk ash, fly ash,
silica fume, ground granulated blast furnace slag, and
metakaolin and a special type of fibers (steel, glass,
polypropylene and carbon fiber) in the construction
industry which will be economical and eco-friendly
[5][6][8][9]. The fresh and hardened properties of HSC
are greatly influenced by these additives in comparison
with conventional concrete. During the utilization of
fibers in HSC, the fresh properties of concrete are
a matter of great concern, as the addition of fibers
in concrete reduces the flow-ability of concrete which
causes a negative impact on workability because fiber
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hinders the mobility of fresh concrete [10–12]. The
research is focused on the workability of HSC by
utilizing polyester fiber. To check the effects of fiber
on the workability of HSC, other factors such as size
of aggregates, the texture of aggregates, size, shape,
and type of fiber/c and type and dosage of chemical
admixture [8][9][13] are considered.
The HSC not only has enhanced mechanical properties, but also high durability and reduced permeability. Thus, high-strength fiber reinforced concrete (HSFRC) is a composite material essentially consisting of
conventional high-strength concrete reinforced by random dispersal of short, discontinues, and discrete fine
fibers of specific geometry. This fiber was recently used
in concrete as a structural reinforcement that controls
small hair cracks and preserves the structural integrity
and effects on the hardened properties. Therefore,
the failure caused by the brittleness property of the
concrete is prevented by the utilization of fiber [14-17].
From previous research studies, it is obvious that
the behaviour of HSC is a brittle nature at ultimate
loading. The addition of diligently spaced and evenly
disseminated small fibers to concrete would act as
a crack arrester and would substantially improve its
mechanical behaviour and ductility. The utilization
of fibers in HSC causes problems in attaining proper
homogenous mix and humping in concrete which leads
to honeycombed surfaces. In order to tackle this situation, many researchers are opting for different types
of chemical admixture in the concrete mix which improves the fresh properties of concrete. These chemical
admixtures not only improve workability, but also
reduce the water demand of the concrete which helps
to enhance the mechanical properties of concrete. Till
now, there has been an extensive requirement for
improving the properties of high-strength concrete regarding strength, toughness, flexibility, and execution
as an underlying material with concrete to meet the
prerequisites of the structure, climate, and different
components. This is because the ordinary plain high
strength concrete has high compressive strength, low
tensile strength, flexibility, and minimum resistance
from breaking and helpless protection from synthetic
assault. Therefore, it is important to overcome these
disadvantages of high-strength concrete. After continuous researches, researchers have concluded that the
properties of HSC can be enhanced by different fibers
known as fiber reinforced concrete. Selection of fiber
is done based on different properties of fiber such as
specific gravity, shape, length, water absorption, and
tensile strength [16]. Hence, we have adopted a textile
based fiber in this study. The effects of such textile
based polyester fiber on the workability of HSC is not
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well investigated before.
For new materials such as high-strength glass
fiber reinforced concrete, studies on mechanical behaviour are of paramount importance for initializing
confidence in engineers. Kumar et. al. [18] in their
experimental investigation found out that the fresh
property of reinforced concrete gradually increased
up to 45% by utilizing 0.33% and 0.45% contents of
glass fiber along with ground granulated blast slag
and then decreased [18]. Antonio et. al. [11] investigated the effects of fiber content on fresh properties
of the concrete mixture. Ve-Be test and slump test
were used to analyze the influence of fiber content
in the concrete mixture. Experimental investigation
showed that steel fiber used in concrete caused balling,
crumbling problems and it also had a negative effect
on workability. Moreover, it reduced the flowability of
material because fiber worked as a barrier to coarse
aggregates movement. These effects can be controlled
by an increase in the mortar content and the initial
slump could provide better workability conditions.
Although results have shown that the Ve-Be test does
not apply to conditions in which the concrete has
great fluidity and having a slump greater than 100
mm. This condition normally occurs for a low-volume
of fibers, below 0.7% by volume (55 kg/m3). On the
contrary, for fiber contents above this value, the slump
applicability is much more difficult [11].
Similar to high-strength steel fibers, other synthetic fibers having a low modulus of elasticity are
utilized by researchers. In this context, Nyazi et. al.
[10] investigated the effect of polypropylene on the
strength and workability properties of normal concrete. Polypropylene fiber was used in the control mix
at varying percentages from 0.06 to 2.16% at a w/c
ratio of 0.45. The slump value of 0% of polypropylene
fiber was 40 mm and by increasing the percentages
of polypropylene fiber, the slump value started decreasing. At 0.06% of polypropylene fiber, the slump
value was 30 mm. The slump value gradually decreased
because of the hindrance in flowability of concrete
caused by fiber in concrete ingredients [10]. Aswathy
et. al [17] concluded that the normal concrete has
good compression strength but it is weak in tension
that is the reason for cracks in a concrete member.
This is the reason why using polyester fiber can reduce
cracks and deterioration, also increase the hardened
properties of concrete, but the fresh property workability of polyester fiber reinforced concrete decreases
with the increase of fiber [17]. Vagheesha et. al. [16]
analyzed some drawbacks in conventional concrete
and reduced these deficiencies by using polyester fiber
Recron 3s. 0.2% to 1.8%. The polyester fiber was used
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by the weight of cement. It showed that increasing
the percentage of Recron 3S fiber in concrete, slump
value gradually decreased due to water absorbed by
Recron 3S fibers, thus causing a decrement in workability. The maximum workability was achieved at
0.2% of fiber and decreased as the percentage of fibers
increased [16]. Indrajit et. al. [19] worked on M25,
M30, M35, and M40 with class F fly ash at 50%,
55% and 60% by weight of cement. They also used
polyester fiber with the percentage of 0.25% by weight
of cement and determined the different properties of
concrete. The addition of polyester fiber increased
the strength properties up to 15%, but reduced the
slump value from 110 mm to 90 mm in all mixes
respectively [19]. Many industries generating plastic
bottles that are biodegradable are also being used as
fiber in concrete to enhance certain properties. Oscar
et. al. [11] investigated the effect of recycled-bottle
PET fiber on fiber reinforced concrete. Length of the
fiber was 10 mm, 15 mm, and 20 mm, and volume
fractions of 0%, 0.05%, 0.18%, and 0.30% related to the
volume of the concrete were used. It showed that the
increment of recycled-bottle PET affects workability
negatively. It decreases the slump value by 100 mm,
155 mm, 70 mm, and 50 mm respectively [12]. V.
Pandey et. al. [20] investigated the effect of polyester
polyethylene terephthalate (PET) fiber with varying
percentage of fiber between (0%, 0.25% and 0.3%).
The reinforcement in concrete caused a reduction in
slump value of M25 grade concrete and slump range
was between 50-75 mm [20]. One of the methods of
increasing workability is to use superplasticizer and
air entraining agents [4][21]. The data shows that the
increasing percentage of polyester fibers negatively
affects the workability of concrete. The decrease in
the flow-ability of concrete which assigns due to the
existence of fibers in the concrete mix tending to lump
on each other, ball, and absorb free water required for
lubrication and paste formation. It is observed that
the polyester fibers tend to introduce resistance to the
mobility of concrete.
Our research aims to study the effects of the addition of polyester fiber with different contents 0.2%,
0.3%, 0.4% and 0.5% (by weight of the cement) on the
fresh properties of HSC.

Fig. 1: Material used in the research work
of HSC tests at the prescribed form was a major part
of the study. The main purpose of this research was to
analyze the effect of polyester fiber on the workability
of HSC. For this purpose, the sample of polyester fiber
ware was brought from Bhanero Textile Mill Ltd.,
Kotri, Jamshoro, Sindh, Pakistan. The slump cone test
was conducted on HSC by adding different percentages
of polyester fiber (0.2%, 0.3%, 0.4%, 0.5%) by weight
of cement. The slump values of high-strength concrete
containing different percentages of polyester fiber were
noted.
2.1

Experimental Investigation

This research was conducted in the Concrete Research
Laboratory of Civil Engineering Department, Mehran
University of Engineering and Technology Jamshoro,
Sindh by considering the main objectives of this research. Materials testing and conducting workability

Materials

In this experimental work, several materials were used
to accomplish the purpose of this research work. The
utilized materials and their sources are given in Table
1 and shown in Figure 1.
2.2

Cement

Cement is a fine, greyish powder. In this research
work, the OPC type power-53 grade was used as the
binder and to fill the pores left by fine aggregates and
was obtained from a local construction shop. Different
properties of power-53 grade cement tested included
specific gravity, fineness, normal consistency, soundness, initial and final setting time. The compressive
strength at 28 days were 3.14, 97%, 0.33, 2 mm, 72
minutes, 185 minutes, and 42 MPa
2.3

2
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Fine Aggregate

In this research, locally available sand is used (Bholari/Jamshoro area). The different tests were performed
according to ASTM C128–04 such as fineness modulus
3.15, water absorption 1.62%, and specific gravity
2.69. The sieve analysis of sand was also performed
according to BS882-1992, as shown in Figure 2.

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 102–108, JUL–DEC, 2020

Name of Material
Cement
Fine Aggregate(Sand)
Coarse Aggregate
Water
Super plasticizer (M/Polyheed 996)
Polyester fiber
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Material source
Power-53 OPC
Sand( Bholari Jamshoro)
Noori abad,Jamshoro,Sindh
Portable water available in concrete research laboratory civil department
BASF,Karachi, Sindh, Pakistan
Bhanero textile mill ltd, Kotri, Jamshoro, Sindh, Pakistan

TABLE 1: Material used in mix design proportion
2.5

Fig. 2: Sieve analysis of fine aggregate (sand)

Water is a major constituent of concrete. Water, when
mixed with cement, forms a paste that glues the aggregates together in concrete. It promotes the hydration
of cement, resulting in the hardening of concrete. The
water to cement (w/c) ratio is a key factor accountable
for desired strength, durability, and workability. Generally, a lower w/c ratio increases strength and durability, but decreases workability. Thus, to overcome
this decreased workability, plasticizers are used. Water
used for mixing the ingredients of concrete should be
clean and free from salts, oils, acids, alkalis, etc. For
the purpose of curing and producing high strength
concrete, we used portable water containing a PH
value equal to 7.
2.6

Fig. 3: Sieve analysis of coarse aggregate

2.4

Coarse Aggregate

These are the aggregates which retained on sieve size
4.75 mm and provide crushing strength to concrete.
The maximum coarse aggregates size used in this
research work is 20 mm (40%) and 13 mm (60%),
and is collected from local quarrying site Nooriabad,
Jamshoro, Sindh, Pakistan. The combined test results
of 20 mm (40%) and 13 mm (60%) such as specific
gravity, water absorption, bulk density, and fineness
modulus were 2.7, 0.53%, 1827 kg/m3, and 2.87, respectively. The sieve analysis of coarse aggregates is
shown in Figure 3.

Portable Water

High Range Water Reducer

This research work used superplasticizer high range
water reducer M/Polyheed-996 developed based on
polycarboxylic ether (PCE) by using Nanotechnology.
As compared to another superplasticizer (Master Polyheed 3534 and Master Glenium 51), Mater Polyheed
996 is mostly used in the construction industry because of its higher ultimate strength and resistance
to segregation. Its bleeding can be transported at
lower pressure through pumps, is cheaper, and has the
property to reduce water content greater than 20%.
Whereas, Master Polyheed 3534 is mostly advisable for
precast concrete work. Superplasticizers conforming to
ASTM-494 Type A, G, and F were used to increase
the workability of HSC and reduce the w/c ratio
[9]. For reducing water content, the admixture is a
superplasticizer. The main physical properties of Superplasticizer (Master Polyheed-996) specific gravity,
chloride content, PH value, color, and alkali content,
were 1.08±0.2 kg liter at 25◦ C, <0.2%, ≥6.0, light
brown liquid, and 0%, respectively. It is cheaper and
can reduce water content greater than 20%. Master
Polyheed 996 is a superplasticizer designed to produce
good workable concrete and significantly enhances the
properties of fresh and hardened concrete. The manufacturer dosage recommendation of BASF Master
Polyheed 996 for normal concrete is 0.6% to 2.0%,
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Parameter
Colour
Length
Density
Aspect ratio
Diameter
Water absorption
Tensile strength
elongation at break

Description
straight smooth surface
White in colour
32mm
1.29g/cmg/cmˆ(-3)
2.67
12µ
3.27%
67Mpa
14%-46%

TABLE 2: Physical properties of polyester fiber
while for high strength concrete, 1.5% to 2.5% is
recommended.
2.7 Polyester Fiber
The source of manufacturing fiber is different for
different fiber. However, the polyester fiber is manufactured from cotton and cotton in Pakistan is in
abundance. Hence, it will cost low in price as compared
to other fibers. Polyester fiber used in this research
work is brought from Bhanero Textile Mill Ltd., Kotri,
Jamshoro, Sindh, Pakistan, as shown in Figure 3.
Polyester fiber is a synthetic fiber used to control
the cracking, bleeding, and segregation and improve
the tensile strength and flexural strength higher than
compressive strength. Besides, addition of polyester
fiber in convention concrete showed a great increment
in the strength than the polypropylene fiber [15]. In his
research, we used 32 mm fiber because the availability
of polyester fiber in the industry is in huge quantity.
The main physical properties of polyester fiber are
given in Table 2.
2.8 Mix Design
Through DOE mix design method, based on material
testing results (cement, fine aggregate crush aggregate), we designed a mix proportion having desired
compressive strength of 60 MPa at 28 days of curing
with 75 to 180 mm slump. The final mix design ratio
for HSC was found to be 1:1.48:2.0 at w/c ratio, 0.33
and fix dosage of super plasticizer 1.2% (by weight
of cement). The high strength concrete is made by
a mixer machine with the appropriate material, as
mentioned in Table 3.

3

Test

3.1 Workability
Workability is defined as “the ease with which concrete
can be mixed, compacted, transported, placed and
finished “. It means workable concrete denotes the
concrete which exhibits very little internal friction

106

between particles of concrete. Many factors which
affects the workability property of concrete include
water content, mix proportion, size of aggregate, shape
of aggregate, surface of texture, grading of aggregate
and use of admixture [13]. The slump test will be performed to examine the workability of fresh concrete.
In this method of slump test, the apparatus Frustum
Cone was used having dimensions of base diameter,
top diameter, height of cone as 100 mm, 200 mm, 300
mm, respectively. The other tools used included a rod
(16 mm diameter and 60 cm length), a smooth flat
plate/tray and a measuring scale.
Different percentage of poly ester fiber was added
in HSC to check its effect on workability property of
HSC. There were four mixes designed with polyester
fiber content varying from (0.2%, 0.3%, 0.4% and
0.5%) by weight of cement in HSC. With these mixes of
fresh concrete, the workability test was conducted by
slump cone based on ASTM C-143 [22] requirements.
The detail of the mixes is given in Table 4.
3.2 Compressive Strength
Controlled compressive strength of HSC utilized in this
research is mentioned in Table 5.

4

Results & Discussion

A mix design ratio was used to obtain target cubical
strength C60 HSC by using maximum coarse aggregate
size 20 mm by using local sand. Table 5 shows the
compressive strength of HSC at 3, 7 and 28 days.
The fiber quantity was taken in terms of percentage
(0.2%, 0.3%, 0.4% and 0.5%) by the weight of cement
which was used as an additive material in HSC. We
prepared a homogeneous and uniform mix, so that
stuffing and lump caused by fiber can be avoided.
The required amount of polyester fibers was added
and homogeneously spread by hands during mixing
of cement, sand and crushes in mixer machine. The
standard slump cone was used to perform the slump
test on fresh HSC according to ASTM C 143/C143M98:1998 procedure.
Many factors in the mix design affects the workability of concrete. All the ingredients were cement
fineness to the fibers used. From the previous studies,
it was observed that the slump loss has a direct/linear
relation with percentage of fibers used and the mineral
admixture also has a great influence on the workability
of concrete mix, as these materials has their ability to
absorb water from the concrete mix. To tackle this
situation, many researchers are opting for the use of
chemical admixtures. In this research, a high-strength
concrete was designed for a target mean strength of
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Cement
(kg/m3 )

Fine Aggregate
(kg/m3 )

Coarse Aggregate
20mm 13mm

480

710

(40%)
392

(60%)
588
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Super plasticizer
(HRWR) by weight
of cement

Water

160

1.2%

TABLE 3: C60 mix design proportion
No.

Polyester Fiber
Content(%)

Cement
(kg/m3 )

Fine Aggregate
(kg/m3 )

1.0
2.0
3.0
4.0
5.0

(HSC) 0 %
0.2 %
0.3 %
0.4 %
0.5 %

480
480
480
480
480

710
710
710
710
710

Coarse Aggregate
(kg/m3 )
20mm 13mm
392
588
392
588
392
588
392
588
392
588

Superplasticizer (HRWR)
by weight of cement

w/c ratio

1.2%
1.2%
1.2%
1.2%
1.2%

0.33
0.33
0.33
0.33
0.33

TABLE 4: Detail of concrete (HSC+Polyester fiber) mix

No.

Days

1.0
2.0
3.0

3
7
28

Compressive strength of HSC
MPa
48.31
51.48
63

TABLE 5: Compressive strength of HSC
No.
1
2
3
4
5

Description
HSC+0%polyster fiber
HSC+0.2%polyester fiber
HSC+0.3%polyester fiber
HSC+0.4%polyester fiber
HSC+0.5%polyester fiber

Slump Value(mm)
178
153
127
102
76

TABLE 6: Effect of polyester fiber on slump of HSC
60 MPa by using polyester fiber. In order to make the
mix workable enough, a 1.2% poly carboxylic ether
chemical by the weight of the cement was used. The
standard slump test conduct by slump cone on fresh
HSC control mix was performed.
The addition of polyester fiber in HSC mix significantly changed the workability properties in the form
of reduced bleeding and reduced slump value. The
test results indicate that workability of all concrete
mixes made with polyester fiber was lower than the
control mix. It means with the increase in percentage
of polyester fibers, the workability of HSC concrete
linearly decreased at fix dosage of super plasticizer and
w/c ratio. Slump test results are given in the Table 6
and shown in Figure 4-6.
In the above figure 1 and 2 the effect of polyester
fiber on the workability of HSC is plotted. It is evident
that with the increasing percentage of polyester fiber,
the slump greatly reduced. In the above figures, slump
values of different mixes are compared. The maximum
value of slump was shown at the control mix with-

Fig. 4: Effect of polyester fiber on Slump of HSC

Fig. 5: Effect of polyester fiber on Slump of HSC
out the inclusion of polyester fiber. The inclusion of
polyester fiber started from 0, 0.2%, 0.3%, and 0.4%
to 0.5% of weight of cement and reduced the slump
value from 178, 153, 127, 102 to 76 mm respectively.
With the increment of polyester fiber, the slump value
decreased within the required design limits which were
fixed at a range of 75 mm to 180 mm.
In Figure 3, a relation between polyester fibers to the
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Fig. 6: Effect of polyester fiber on Slump of HSC
slump value is plotted. As we increased the percentage
of polyester fiber in HSC, the reduction in the slump
also increased in percentage. It was observed that
the usage of fiber (0.2 to 0.5%) decrease workability
between (14% to 57%) of HSC. The similar trend of
reduction in the slump of normal concrete with the
addition of fiber was achieved [10][12][16].

5

Conclusion

Our experimental research concluded the following
points.
1) HSC having compressive strength of 63 MPa at
28 days can be prepared by using super plasticizer
M/Polyheed 996 polycarboxylic ether.
2) Addition of polyester fiber content in HSC from
0.2%-0.5% can reduce the slump by 14%-57%.
3) Addition of polyester fiber content in HSC controlled the bleeding and shrinkage of HSC.
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Abstract
This study has been designed to evaluate the impact of gamified recruitment on team effectiveness in the telecom
sector of Pakistan. The sample of 120 respondents was designed to collect the data. This includes 30 respondents
each from 4 telecom sector organizations of Pakistan. 110 responses returned complete feedback which gave the
response rate of 91.66%. The results reveal that there is a positive impact of the gamified recruitment on team
effectiveness at the telecom sector of Pakistan. As the model fitness is highly appreciated which is 0.850 at alpha
is equals to 0.000 while beta is 92.3%. Similarly, the persuasive, economic, and informative value of gamified
recruitment has been tested on virtual teams’ dimension of team effectiveness of the telecom sector of Pakistan.
The model fitness was found 73% and the values found to be significant and influencing to accept the hypothesis.
Moreover, similar results have also been identified after testing the persuasive, economic, and informative value of
the gamified recruitment to the physical and project teams’ effectiveness at the telecom sector of Pakistan.

Keywords—Oedometer Gamified Recruitment, Team Effectiveness, Persuasive Value, Economic Value, Informative value,
Virtual Team, Physical Team, Project Team, Telecom Sector, Pakistan
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1

Research Background

W

ith the rapid and dynamic change in the working environment, organizations are nowadays
facing even harder competition [1][2]. Digitalization
and globalization have set management to think out of
the box in order to get sustainability and profitability
within the markets [2]. The trends have now further
changed with the inclusion of unexpected variables
like a pandemic in the shape of COVID-19 which the
world is still facing and none of the organization can
yet predict the future of the stability of the working
environment [3]. Considering these facts, this study
has been designed to study the latest trends related
to the working environment to recommend better
opportunities which organizations can cope in time
to meet the needs of the customers and have proper
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DOI: 10.52584/QRJ.1802.16
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sustainability and growth in the global and domestic
markets [1][2].
Researchers have suggested that integrating the
gamification in the working environment can enhance
employees participation at the workplace [2], employees’ engagement[4], and employees’ loyalty with the
organization. There are more than 70% of the global
fortune-500 companies who adopt at least one of the
gamification practices at workplace and nearly 40% of
the fortune-1000 companies adopt gamification practices at their workplace [5]. This makes gamification
one of the most important and prominent factors of the
current trends and the need of today’s organizations
[5][6].
Gamification is defined as management’s practices
of using serious games in a non-gaming context at
the workplace [7]. Serious games in the non-gaming
context are created with the help of modern digital
technologies and the fundamentals of the entertainment and brainstorming exercises [2][7]. Using the
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gamification, organizations convey some work-related
messages and want to encourage employees to gain
motivation by competing for the challenging tasks to
reach both personal and organizational-specific objectives [8]. Some of the global fortune-1000 companies
including Cisco, IKEA, Deloitte, etc. are using gamification as their HR processes including recruitment
process, training and development process, assessment
process, and also in the evaluation process of their HR
functions [9][10]. In Pakistan, the gamification process
is only implemented in the banking and telecom sector.
This is now considered to be the part of the recruitment process [10][11]. Therefore, despite an increase
in the adaptation of gamification practices globally,
it is yet lacking in the human resource management
processes particularly when it comes to the markets of
Pakistan [10][12].
The objective of this study is to investigate the
impact of gamified recruitment on team effectiveness
in the telecom sector of Pakistan. The reason behind
studying telecom sector is because this sector is already using gamified recruitment in their selection and
recruitment process. Therefore, employees of this sector in Pakistan are much familiar with the system and
they opine that the system would be much significant,
relevant, and applicable.
1.1 Research Objectives
The main purpose of this study is to evaluate the impact of the gamified recruitment on Team effectiveness
at the telecom sector of Pakistan The sub-objectives of
the study are stated as follows.
1) To evaluate the impact of persuasive value (by
executing gamified recruitment model) on virtual,
physical and project teams at telecom sector of
Pakistan
2) To evaluate the impact of economic value (by
executing gamified recruitment model) on virtual,
physical and project teams at telecom sector of
Pakistan
3) To evaluate the impact of informative value (by
executing gamified recruitment model) on virtual,
physical and project teams at telecom sector of
Pakistan

2

Literature Review

This study has been designed to collect and study
theoretical and empirical evidence of the link between
gamified recruitment on team effectiveness at the telecom sector of Pakistan. gamified recruitment is an
application of game designed elements based on the
serious games related to the defined objectives to be
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achieved which is used to recruit the best possible pool
of the required workforce [8][9].
The gamified recruitment has been used as a
tool for the performance management while using the
modern digital technology to have a best possible
recruiting pool of the candidates before going for the
selection process [8]. These work-related serious games
are developed to provide a cost-effective organizational
orientation helps to enhance the intrinsic motivation of
the individuals/prospects [10].
Fetzer et. al. [1] have identified gamified recruitment as an element of the job predictor for the incumbents at organizational setup. Gamified recruitment
helps employers to attract the best possible pool of
the candidates to get the best out of that pool [4].
Therefore, researchers opine that having the ‘best
employees’ will lead to the team effectiveness and high
profitability [2][6][13].
Three sub-variables have been taken as a dimension of each gamified recruitment and team effectiveness which is also supported by the Signaling theory
[14]. The three dimensions of gamified recruitment
include persuasive value, economic value, and informative value. According to the Signaling theory, in order
to improve the recruitment process, it is important
for employers to link it with the intrinsic motivation
of the incumbents [14]. Gamified recruitment provides
persuasive, economic, and informative value to both
applicants as well as organization at the same time
[15]. Moreover, these values help an employee to increase their intrinsic motivation, leading to better job
performance and team effectiveness [6][15].
Similar to gamified recruitment, there are three
dimensions of the team effectiveness which are undertaken in this study as components of the team
effectiveness [3]. These components include the virtual
team, physical teams, and project team. These are also
three of the most popular types of teams in a workplace
[3][16]. In this study, the impact of the dimensions of
the gamified recruitment will also be measured to find
their impact on all three popular types of the teams
which include virtual team, physical team, and project
team.
The previous studies have identified a positive link
of the gamified recruitment with learning attitudes
[17], efficiency and effectiveness of the individuals[18]
and teams[4]. Along with that, the serious workrelated gamification has also found to have some positive impact on an educational setup, in particular,
students. It has been identified that gamification has
a positive link with the students’ motivation [12], student’s engagement[15], and student’s performance[19].
This makes it a more significant and attractive factor
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for the working organizations to adopt and execute the
practices at the working environment as well [15][19].
It is evident from the relevant literature that
teamwork helps organizations to increase trust and
accountability within the members of a team[3]. The
teamwork has been identified to influence the gamified recruitment because it enhances the effectiveness
and provides a valuable addition in terms of better
employment[20], shared knowledge, and better skills
of the employees working in a team [21]. Therefore,
the literature supports the elements of the gamified recruitment which has a positive link with the physical,
virtual, and project teams’ effectiveness at a workplace
[5][6][20][21].

3

Research Model

Our research model is depicted in Figure 1.

Fig. 1: Research Model
The research hypothesis are as follows.
• H1:There is a positive impact of the gamified
recruitment on team effectiveness in the telecom
sector of Pakistan
• H2: There is a positive impact of persuasive value
(by executing gamified recruitment model) on virtual, physical and project teams in telecom sector
of Pakistan d recruitment model) on project team
at the telecom sector of Pakistan
• H3: There is a positive impact of economic value
(by executing gamified recruitment model) on the
virtual, physical and project teams at telecom
sector of Pakistan
• H4: There is a positive impact of informative
value (by executing gamified recruitment model)
on the virtual, physical and project teams at
telecom sector of Pakistan

4

Research Methodology

This study has been designed to measure the impact
of gamified recruitment on team effectiveness at the
telecom sector of Pakistan. The study is aimed at
testing the nature (type) of the study which has been
adopted to test the hypothesis in [22]. In this case
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study, the research design is set to be a cross-sectional
or one-shot, because the data is collected in a single
shot from the employees of the telecommunication
sector of Pakistan. The population parameter for this
study is the telecom sector of Pakistan. According
to the PTA’s annual report (2019), there are total 4
functional organizations working in the telecom sector
of the country which include Jazz, Ufone, Zong, and
Telenor[11]. since it is not possible to collect the data
from the total population, therefore, a sample has
been designed which rightly represents the population
parameter of this study. Hence, a sample of 120 respondents was designed to collect the data. This includes
30 respondents from each 4 telecom organizations in
Pakistan. 110 responses returned full feedback which
was considered as the response rate of 91.66% which is
a satisfactory value [23].
The sampling technique for collecting the data in
this case study is a systematic random sampling technique which is one of the types of probability sampling
techniques [24]. The subject data of the sample is
generalized, and the data was taken from every fourth
employee of each company (Zong, Mobilink, Telenor,
and Ufone) as also mentioned in the population parameter [24].
According to [23], when the population is complex
or hard to be calculated, there is a minimum and
maximum range of the sample size which is in the
range of 30-500 [23]. Hence, 120 is considered as the
most sufficient and significant sample size for this
particular study. 30 respondents were considered from
each organization of the telecommunication sector of
Pakistan.
The instruments and the scalewere were adopted
from the previous studies. There was a total of 10 items
adopted to measure the overall scale of the gamified
recruitment which is the independent variable of this
study. Gamified recruitment was composed of three
sub-dimensions including persuasive value (4 items),
economic value (3 items), and informative value (3
items) [25][26]. The scale was modified a bit following
the requirement of this particular study. Similarly, the
dependent variables of the study, the team effectiveness having 7 items, is also adopted which is also
composed of its three dimensions includes virtual team
(3 items), the physical team (2 items), and project
team (2 items)[27]. The data was collected using a selfexplanatory questionnaire designed via Google forms.
The data was later converted into a spreadsheet which
was later exported to SPSS software after some processing. The statistical software SPSS was used to test
the hypothesis of the study. Four tests were applied
including Cronbach’s Alpha (to test the reliability of
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Variable
Gamified
Recruitment
Team
Effectiveness
Total

Dimension
Persuasive
Economic
Informative
Virtual
Physical
Project
—

Cronbach’s
Alpha
.935
.932
.929
.942
.944
.940
.939

#Items
3
3
4
3
2
2
17

TABLE 1: Reliability statistics
the scale), descriptive statistics, bivariate correlation
test, and linear regression analysis test using SPSS
[23].

5

Results & Discussion

The reliability of the scale of this study is measured
by Cronbach’s Alpha test by processing the data into
SPSS (25th version). The general criterion for reliability acceptance (as per Cronbach’s Alpha results) is
needed to be 0.5 (50%) or more if the number of items
is less than or and equal to 10. Moreover, the scale
having items greater and equal to 20 would require to
have at least 0.7 (70%) or higher value [22][23].
Table 1 shows the results of the reliability test. It
shows that items are highly reliable and overall scale
has the reliability score of 93.9% which is strongly
accepted to be considered to collect the responses.
The reliability score of the scale of physical teams is
the highest (94.4%). Whereas, the informative value
part of the gamified recruitment which is based on 4
items has the least Cronbach’s Alpha value which is
92.9%. The score is highly acceptable and reliable to
be considered for the study.
Since there are no general acceptance criteria for
the demographics, therefore, an equal opportunity was
given to the participants as it can be seen out of 110
participants. 56 participants are male and 54 participants of the study are females. Meanwhile, most of
the participants are from the age group of 26 to 40
years of age. This age group is mature enough to make
their own decisions and is most active age group in
the workplace. Furthermore, 49.1% of the samples of
the study have a minimum educational qualification of
at least Masters or 16 years of education. Therefore,
the demographics of the study concludes that the
participants are diverse, completely mature who can
make their own decision, and are well qualified.
To measure the relationship between the variables,
a bivariate correlation test has been applied. The
general criteria of the test are to have a significant
value of alpha which is less than 0.05 and the relationship between the variables must be considerable
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(it is acceptable to have more than 15 or 20) [22]. The
results of the test are being displayed in Table 3.
According to the test results of bivariate correlation analysis as per Table 3, it can be seen that both
the variables, i.e., gamified recruitment and team effectiveness along with their dimensions have significant
alpha values, i.e., less than 0.05 and they are highly
correlated to each other. It can be seen in Table 3
that gamified recruitment and team effectiveness are
correlated with 92.3%t, alpha=0.000. This suggests
that variables are highly correlated to one another in
telecom sector of Pakistan.
Table 4 shows the results of the linear regression
analysis of Model 1. our models have been processed.
It is because 4 dependent variables are undertaken in
this study which include team effectiveness and three
are dimensions of team effectiveness including physical
teams, virtual teams, and project teams.
Model 1, as shown in Table 4, shows that model
fitness is highly appreciated which is 0.850 at alpha=0.000, beta is 92.3%. Thus, the empirical evidence accepts the hypothesis 1 of the study which
claims that there is a positive impact of the gamified recruitment on team effectiveness at the telecom
sector of Pakistan. In model 2, the persuasive, economic, and informative value of gamified recruitment
has been tested on virtual teams’ dimension of team
effectiveness of the telecom sector of Pakistan. The
model fitness is 73% (Adjusted R Square = 0.730) and
the values are significant to support and accept the
hypothesis 2 of this study.
In model 3, given in Table 6, the fitness is 65.1%
(Adjusted R Square = 0.651) and the values are significant to support and accept the hypothesis 3 of this
study. In model 4, given in Table 7, the model fitness
is 58.3% (Adjusted R Square = 0.583) and the values
are significant to support and accept the hypothesis 4
of this study.

6

Conclusion & Recommendations

This study has been performed to evaluate the impact
of gamified recruitment on team effectiveness in the
telecom sector of Pakistan. The sample of 120 respondents was designed to collect the data. This includes 30
respondents each from 4 telecom sector organizations
of Pakistan. 110 responses provided complete feedback
which was considered gave the response rate of 91.66%.
Both theoretical and empirical evidence has suggested
that there is a significant and positive impact of
gamified recruitment on team effectiveness. The subdimensions of both gamified recruitment and team
effectiveness have also been tested. The empirical ev-
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Age (years)

Gender

Education

20-25
26-32
33-40
41 & above
Total
Male
Female
Total
Bachelors
Masters
MS/Ph.D.
Total

Frequency
18
42
42
08
110
56
54
110
40
54
16
110

Percent
16.4
38.2
38.2
7.3
100.0
50.9
49.1
100.0
36.4
49.1
14.5
100.0

Valid Percent
16.4
38.2
38.2
7.3
100.0
50.9
49.1
100.0
36.4
49.1
14.5
100.0
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Cumulative Percent
16.4
54.5
92.7
100.0
50.9
100.0
36.4
85.5
100.0

TABLE 2: Demographics
PV
EV
IV
Pearson Correlation
1
.604** .704**
Persuasive Value
Sig. (2-tailed)
.000
.000
N
110
109
109
Pearson Correlation .604**
1
.712**
Economic Value
Sig. (2-tailed)
.000
.000
N
109
109
109
Pearson Correlation .704** .712**
1
Informative Value
Sig. (2-tailed)
.000
.000
N
109
109
109
Pearson Correlation .748** .718** .805**
Virtual Team
Sig. (2-tailed)
.000
.000
.000
N
109
109
109
Pearson Correlation .585** .724** .775**
Physical Team
Sig. (2-tailed)
.000
.000
.000
N
110
109
109
Pearson Correlation .636** .683** .719**
Project Team
Sig. (2-tailed)
.000
.000
.000
N
110
109
109
Pearson Correlation .864** .854** .932**
Gamified Recruitment
Sig. (2-tailed)
.000
.000
.000
N
109
109
109
Pearson Correlation .759** .806** .876**
Team Effectiveness
Sig. (2-tailed)
.000
.000
.000
N
109
109
109
**. Correlation is significant at the 0.01 level (2-tailed).

VT
.748**
.000
109
.718**
.000
109
.805**
.000
109
1
109
.662**
.000
109
.686**
.000
109
.858**
.000
109
.919**
.000
109

PhT
.585**
.000
110
.724**
.000
109
.775**
.000
109
.662**
.000
109
1
110
.602**
.000
110
.791**
.000
109
.845**
.000
109

PT
.636**
.000
110
.683**
.000
109
.719**
.000
109
.686**
.000
109
.602**
.000
110
1

GR
.864**
.000
109
.854**
.000
109
.932**
.000
109
.858**
.000
109
.791**
.000
109
.769**
.000
109
1

110
.769**
.000
109
.860**
.000
109

TE
.759**
.000
109
.806**
.000
109
.876**
.000
109
.919**
.000
109
.845**
.000
109
.860**
.000
109
.923**
.000
109
1

109
.923**
.000
109

109

TABLE 3: Bivariate correlations analysis
Adjusted R Square = 0.850
Unstandardized Coefficients Standardized Coefficients
Model
B
Std. Error
Beta
(Constant)
.568
1.174
1
Gamified Recruitment .681
.027
.923
a. Dependent Variable: Team Effectiveness

T

Sig.

.484
24.749

.629
.000

TABLE 4: Linear regression analysis (Model 1)
Adjusted R Square = 0.730
Unstandardized Coefficients Standardized Coefficients
Model
B
Std. Error
Beta
(Constant)
.040
.757
Persuasive Value
.312
.072
.312
1
Economic Value
.251
.080
.227
Informative Value .319
.061
.424
a. Dependent Variable: Virtual Team

TABLE 5: Linear regression analysis (Model 2)

T

Sig.

.053
4.340
3.124
5.190

.958
.000
.002
.000
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Adjusted R Square = 0.651
Unstandardized Coefficients Standardized Coefficients
Model
B
Std. Error
Beta
(Constant)
.334
.596
Persuasive Value
.239
.057
.314
1
Economic Value
.266
.063
.348
Informative Value .270
.048
.517
a. Dependent Variable: Physical Team
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T

Sig.

.559
4.165
4.203
5.569

.577
.000
.000
.000

T

Sig.

.300
2.182
3.394
3.577

.765
.031
.001
.001

TABLE 6: Linear regression analysis (Model 3)
Adjusted R Square = 0.583
Unstandardized Coefficients Standardized Coefficients
Model
B
Std. Error
Beta
(Constant)
.203
.675
Persuasive Value
.140
.064
.195
1
Economic Value
.243
.072
.307
Informative Value .196
.055
.363
a. Dependent Variable: Project Team

TABLE 7: Linear regression analysis (Model 3)

idence has suggested that the persuasive value, economic value, and informative value created by the
gamified recruitment have a positive impact on the
effectiveness of all three types of teams (physical,
virtual, and project) in telecom sector of Pakistan.
Therefore, it is highly recommended to the telecom
sector of Pakistan to re-evaluate the recruitment process and try to integrate it to the latest gamified recruitment techniques to gain the persuasive, economic,
and informative values which will further boost to the
team effectiveness in terms to their physical, virtual,
and project teams.

Acknowledgement
This research was conducted at the laboratories of
Shah Abdul Latif University (SALU) Khairpur. The
authors are grateful to SALU for providing necessary
resources to conduct this study.

References
[1] M.Fetzer, J.McNamara, & J.L.Geimer, “Gamification, serious games and personnel selection”, In H. W. Goldstein,
E. D. Pulakos, J. Passmore, & C. Semedo (Eds.), In: The
wiley blackwell handbook of the psychology of recruitment,
selection and employee retention, s.l.:John Wiley & Sons,
pp. 293–309, 2017.
[2] I.Nikolaou, K.Georgiou, & V.Kotsasarlidou, “Exploring the
relationship of a gamified assessment with performance”,
The Spanish Journal of Psychology, pp. 22, 2019.
[3] S.Fitriani, “Teamwork training intervention design to improve team effectiveness to franchise division in company
X”, International Journal of Research Publication, Vol. 44,
No. 1, 2020.

[4] J.Chapman, & P.Rich,. “Identifying motivational styles in
educational gamification”, In T. X. Bui, & R. H. Sprague
(Eds.), AIS electronic library 2017. Proceedings of the 50th
Hawaii international conference on system sciences, pp.
1318–1327. USA, s.n, 2017.
[5] P.Gkorezis, K.Georgiou, I.Nikolaou, & A.Kyriazati, “Gamified or traditional situational judgement test? A moderated
mediation model of recommendation intentions via organizational attractiveness”, European Journal of Work and
Organizational Psychology, 2020.
[6] S.Chow, & D.Chapman, “Gamifying the employee recruitment process”, [Paper presentation], Proceedings of the
First International Conference on Gameful Design, Research, and Applications. Toronto, Ontario, and Canada.,
s.n, 2013.
[7] J.Koivisto, & J.Hamari, “The rise of motivational information systems: A review of gamification research”, International Journal of Information Management, Vol. 45, pp.
191–210, 2019.
[8] M.Cardador, G.Northcraft, & J.Whicker, “A theory of work
gamification: Something old, something new, something
borrowed, something cool?”, Human Resource Management
Review, pp. 27, 353–365, 2017
[9] S.Deterding, “Gamification. using game-design elements in
non-gaming contexts”, In CHI’11 extended abstracts on
human factors in computing systems, pp. 2425–2428, New
York: Association for Computing Machinery, 2011.
[10] S.A.Woods, “Personnel selection in the digital age: A review of validity and applicant reactions, and future research
challenges”, European Journal of Work and Organizational
Psychology, Vol. 29, No. 1, pp. 64–77, 2020.
[11] P.T.Authority, “Annual Report”, PTA Headquarters, F5/1, Islamabad — www.pta.gov.pk: Pakistan Telecommunication Authority (PTA), 2019.
[12] D.Song, “Engaged cohorts: Can gamification engage all
college students in class?”, Eurasia Journal of Mathematics,
Science & Technology Education, Vol. 13, pp. 3723–3734,
2017.
[13] I.Nikolaou, T.N.Bauer, & D.M.Truxillo, “Applicant reactions to selection methods: An overview of recent research and suggestions for the future”, In I.Nikolaou &
J.K.Oostrom (Eds.), Employee recruitment, pp. 80–96,

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 109–115, JUL–DEC, 2020

Routledge. 2015.
[14] M.Sakamoto, T.Nakajima, & T.Alexandrova, “Valuebased design for gamifying daily activities”, In M. Herrlich,
R. Malaka, & M. Masuch (Eds.), Springer-Verlag Berlin
2012, Proceedings of the 11th international conference on
entertainment computing, pp. 421–424, Heidelberg, Berlin,
Springer Verlag, 2012.
[15] K.Seaborn, & D.Fels, “Gamification in theory and action: A survey”, International Journal of Human-Computer
Studies, Vol. 74, pp. 14–31, 2015.
[16] D.Mcewan, “The effectifeness of teamwork training on
teamwork behavior and teamperfomance”, A systematic
review and Meta-Analysis of controlled Interversion, 2017.
[17] L.Hakulinen, T.Auvinen, & A.Korhonen, “Empirical study
on the effect of achievement badges in TRAKLA2 online
learning environment”, In J.E.Guerrero (Ed.), IEEE computer society, Proceedings of the learning and teaching in
computing and engineering (LaTiCE), pp. 47–54, 2013.
[18] M.D.Hanus, & J.Fox, “Assessing the effects of gamification in the classroom: A longitudinal study on intrinsic
motivation, social comparison, satisfaction, effort, and academic performance”, Computers & Education, Vol. 88, pp.
152–161, 2015.
[19] K.Robson, “Is it all a game? Understanding the principles
of gamification”, Business Horizons, Vol. 58, pp. 411–420,
2015.
[20] J.R.V.Prasad, J.Alexander, & S.Misra, “Gamification and
Employees’ Perception: An Empirical Evaluation Using
Gamification Effectiveness scale”, Int. J. Manag. Bus. Research, Vol. 9, No. 2, pp. 19-27, 2019.
[21] K.Werbach, & D.Hunter, “For the Win: How game thinking can revolutionalize your business”, Wharton: Digital
Press, 2012.
[22] M.Saunders, P.Lewis, & A.Thornhill, “Understanding research philosophy and approaches to theory development”,
In: Understanding research philosophies and approaches,
pp. 124, 2015.
[23] U.Sekaran, & R.Bougie, “Research Methods for Business A skill-building approach”, 2010.
[24] A.S.Acharya, A.Prakash, & A.Nigam, “Sampling: Why
and How of it?”, Indian Journal of Medical Specialities, Vol.
4, No. 2, pp. 330-333, 2013.
[25] Venkatesh, F.D.Davis, & G.B.Davis, “User Acceptance
of Information Technology: Toward a Unified View”, MIS
Quarterly, Vol. 27, pp. 425-478, 2003.
[26] J.E.Plaks, & K.Stecher, “Unexpected Improvement, Decline, and Stasis: A Prediction Confidence Perspective on
Achievement Success and Failure”, Journal of Personality
and Social Psychology, Vol. 93, pp. 667-684, 2007
[27] O.Hongseok, M.H.Chung, & Giuseppe, “Labianca Group
Social Capital and Group Effectiveness: The Role of Informal Socializing Ties”, Academy of Management Journal,
Vol. 47, pp. 860-875, 2004.

115

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 116–126, JUL–DEC, 2020

116

A Comparative Study of Sentiment Analysis on Mask-Wearing Practices
during the COVID-19 Pandemic
Bishrul Haq1 , Ghulam Mujtaba1,2 , Zahid Hussain Khand1 , Javed Ahmed1,2 , Zafar Ali1
1

Department of Computer Science, Sukkur IBA University, Sukkur, Pakistan
Center of Excellence for Robotics, Artificial Intelligence, and Blockchain, Sukkur IBA University, Sukkur, Pakistan
*
Corresponding author:bishrulhaq.mscsf19@iba-suk.edu.pk
2

Abstract
COVID-19 has become one of the most highly orated subject matter in these days. Countries have taken many
viable actions to prevent the spread of the virus directed by international recommendations, which led to many
disputes concerning wearing a face mask as a preventive measure against the virus. This study aims to assess and
compare the overall accuracy, macro precision, macro F-measure and macro recall of the different decision models
towards the COVID-19 mask-wearing practices via sentiment analysis. Tweets are labeled and text pre-processing
techniques are applied as stemming, normalization, tokenization, and stop-word removal. Subsequently, the tweets
are transformed into master feature vectors by applying various feature extraction, feature representation, feature
selection and word embedding techniques with five supervised machine learning decision models to predict maskwearing practices reinforced from Twitter tweets. Moreover, the highest macro F-measure and macro precision are
found with feature extraction as hybrid-grams, feature representation as TF-IDF, feature selection as Chi-Squared
Test, and highest macro recall with feature extraction as BOW, feature representation as TF-IDF, feature selection
as ANOVA F-value. Hence, this study concludes that the Naive Bayes (NB) algorithm outperforms other decision
models with master feature vectors applied. In addition, it also outperforms word embedding techniques.

Keywords—COVID-19 pandemic, feature engineering, machine learning, mask-wearing practices, natural language processing, sentiment analysis, supervised decision models.
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Introduction

T

he novel Coronavirus, known as COVID-19, is an
emergency respiratory disease that was initially
identified in Wuhan, China, on December 19. It is
considered to be extremely contagious, and its main
symptoms include fatigue, fever, dry cough, dyspnea,
and myalgia [1]. It spreads by human to human virus
transmission. Hence, distancing from a susceptible
population is a better way to control the spread of the
COVID-19 [2]. There are plenty of non-pharmaceutical
approaches available in protecting from the virus.
Hand washing and wearing face masks are ways to keep
yourself protected from the virus [3].
Currently, there is no proper vaccine that has been
identified for Covid-19. It is considered a severe illness
that leads to many deaths and the healthcare systems
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DOI: 10.52584/QRJ.1802.17
This is an open access article published by Quaid-e-Awam
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being under pressure [4]. Relatively, wearing a face
mask helps prevent the virus from transmitting the
disease to another healthy person or prevents the
illness by reducing the probability of infection. Wearing a face mask has been a controversial topic, and
many had a variety of suggestions. However, On April
3, 2020, the CDC (Centers for Disease Control and
Prevention) of the US has recommended the public
to wear face masks [5]. Mask wearing practices have
shown more success and have lessened the virus’s
threat in the past during the 2003 SARS epidemic [6].
Social media has gained popularity in recent years. It
is regularly used among the elderly, teenagers, academics, politicians, and entrepreneurs, irrespective of
age or gender. Twitter is one of the commonly used
micro-blogging sites among users today. It confines
users to tweet within 140 characters. Whereas it allows
the users to use a variation of spellings, indecorous use
of punctuation marks, slangs, and emojis [7]. This led
many researchers to work on sentimental analysis. It is
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a part of natural language processing whose primary
focus is on identifying and classifying sentiments or
opinions in a textual format. Sentiments can be known
as the emotions of service, brand, or campaign in
social media platforms. It is a phenomenal way to
elaborate the sentiments via comments or situations
to understand the surrounding of the brand, service,
or campaign [8]. Sentiment analysis has been widely
applied in many studies due to the fact that many
social media users have their freedom to express their
opinions, thoughts, and suggestion for any viral or
sensational issue [9]. Hence, it leads to identifying
their impression concerning certain topics and current
happenings. Understanding whether the given opinion
falls into positive or negative sentiment is considered a
difficult task. The given features applied in a sentence
must contain strong adjectives to classify them. Moreover, sentiment analysis helps to determine the satisfaction of goods or services before they are purchased.
Companies and corporations use this information to
understand their products and selling patterns [10].
In sentiment analysis, supervised and unsupervised
machine learning algorithms play a vital role. Hence,
machine learning techniques are used to split the data
into test and train. Train data is used to build a
classifier to classify the sentiments of given data [10].
If the instances are given as labeled, it falls into the
category of supervised learning [11].
The study presented in this paper aspires to
achieve three main objectives. Firstly, to compare and
contrast the differences in performance measures of
five supervised machine learning decision models such
as SVM (Support Vector Machine), NB (Naive Bayes),
RF (Random Forest), KNN (K-Nearest Neighbour
Algorithm), and MaxEnt (Maximum Entropy). Secondly, to evaluate the best feature value representation with feature extraction as BOW (Bag-of-words),
N-grams. Whereas, in N-gram, three techniques are
compared, i.e., bigram (N=2), trigram (N=3), and
hybrid-grams (BOW + bigram + trigram). In feature
representation, Binary Frequency (BR), TF (Term
Frequency), TF-IDF (Term Frequency - Inverse Document Frequency), and CountVectorizer are used to
convert the text into vectors. Moreover, in feature
selection, three techniques are used, i.e. Chi-squared
test, information gain, and Anova F-value. Thirdly,
feature value representation is compared via Word
embedding techniques applying GloVe and Word2Vec
embeddings. Hence, the corpus is developed from
Twitter tweets by eliminating retweets and tweet duplicates with pre-processing techniques by filtering
unwanted symbols, special characters, null values, stop
word removal, and correcting misspelled words. Hence,
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it is applied in the training model with 1200 tweets
labeled as negative and positive, with 600 tweets per
each class.
The rest of the paper is organized into the following
sections. Related work is discussed in section 2. Section
3 discusses the implementation carried out in the
research methodology. Section 4 includes the results.
Section 5 is for the discussion of the study. Finally, the
conclusion of the study is presented in section 6.

2

Related Work

COVID-19 is a newly transpired disease that is known
to be a new research area. However, fewer studies have
been conducted in regards to sentiment analysis by the
time of piloting this study. Moreover, there have been
some studies on sentiment analysis with supervised
machine learning algorithms, which to a certain extent,
are related to our study.
In Anjaria and Guddeti [12], the authors use Twitter as the primary data collection. Whereas, it is a
great platform that intends a quick and effective way
in collecting the sentiments. Hence, the sentiment of
a sentence is derived by the occurrence of the words
which can be positive or negative based on the tone
of the words [13]. The study applies several feature
extraction techniques to extract the data such as
unigram, bigram and (unigram + bigram) hybrid.
Hence the results indicate SVM along with the hybrid approach gives a better accuracy compared to
NB, MaxEnt, SVM and ANN. The study presents an
overview of collecting the tweets, cleaning data and
feature extraction to predict the outcome.
Sethi et. al. [14] conduct a study to analyze the
emotions of twitter users via tweets related to COVID19. The proposed model is used to analyze the actual
sentiments of the tweets. The dataset for the study
is manually created via a twitter API with COVID19
and coronavirus hashtags. Moreover, the study uses
MaxEnt, MNB (Multinomial Naive Bayes), decision
tree, RF, XGBoost, SVM algorithms with N-gram
representations as unigram, bigram and unigram +
bigram + trigram. Hence, the study concludes that
SVM and decision tree classifier performs better. Although, SVM is considered to be more stable during
the experimental process.
Eshan and Hasan [15] pilot a study to detect abusive Bangali text using machine learning algorithms
with unigram, bigram and trigram as feature extraction techniques based CountVectorizer and TF-IDF for
feature representation. The study uses RF, SVM with
Polynomial and Linear kernel, MNB as algorithms.
The study finds SVM linear kernel with TF-IDF to
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perform better compared to CountVectorizer; albeit,
the study does not apply any feature selection techniques.
Comparative research by Mujtaba et al. [16] finds
the cause of death (COD) via the autopsy reports.
Hence, the study uses unigram, bigram, trigram and
hybrid-grams for feature extraction by representing
the feature values using BR, TF and TF-IDF. Furthermore, Chi-squared test, information gain and Pearson
correlation approaches are used. The study applies five
popular decision models, i.e., SVM, J48, RF, NB, KNN
to evaluate the performance of each classifier. This
study states that SVM performs better than other
decision models. Moreover, the study presents a complete methodological structure from data collection
to evaluation metrics. Hence, the study confirms the
classification accuracy based on several feature value
representations.
Samuel et. al. [17] conduct a study on the fear sentiment progression over the peak time of COVID-19 in
the United States. The study finds that classification
accuracy of 91% for short tweets with the NB decision
model and MaxEnt performs similarly well with an
accuracy of 74% with short tweets and it also reveals
that both models perform weaker in longer tweets.
The study applies 4 decision models, i.e., NB, MaxEnt,
Linear Regression and K-Nearest Neighbor; albeit the
study does not apply any feature selection technique to
select the best features from the document of words.
Sharma and Daniels [18] conduct a study to execute sentiment analysis based on 2019 election twitter
tweets with Word2Vec word embedding along with
RF classification model. Moreover, it also improve
the accuracy compared to other feature representation schemes, i.e., BOW and TF-IDF. Hence, the
study proposes that Word2Vec embedding improves
the quality of features, thus it signifies the importance
on word embedding in sentiment analysis. However, to
the best of our knowledge, there is no existing study
related to mask-wearing practices during the Covid-19
pandemic using sentiment analysis.

3
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Fig. 1: Methodology of the Study

for testing. The sentiment for the instance is manually
labeled with two categories which helps to create the
prediction model. Whereas, the model is accountable
to calculate the label for the unlabeled test set.
3.1

Data Collection

This study uses Twitter tweets as the primary data
during Covid-19 pandemic which focuses on maskwearing practices. Whereas, tweets are collected using
Twitter API with Python Tweepy Library [19]. We
have created a Twitter developer account to extract
the tweets via Python Tweepy Library. The gathered
5000 tweets contain a user ID, username, tweet text
and tweet location of the tweet posted by the user.
Tweets are gathered using the following three main
criteria.
1)
2)

3)

Tweets published during the COVID 19 pandemic are selected for the study.
Tweets are selected with relevant hashtags
and search queries related to mask-wearing
practices.
Tweets are extracted from Twitter API as
extended, untruncated Tweet text.

Methodology

The methodology of the study emphasizes the scheme
of analyzing the sentiments towards mask-wearing
practices during the COVID-19 pandemic. Hence, the
study is divided into nine main steps as illustrated in
Figure 1. Each step carries certain tasks and it is discussed in the subsequent sections of the methodology.
The study uses supervised machine learning decision
models to classify with the training and test sets. We
have taken 60% dataset for training and the remaining

3.2

Data Pre-processing and Data Labeling

The collected twitter tweets are then moved to the preprocessing phase. In this phase, some pre-processing
techniques are applied to clean the data found in
several retweets from different users. Hence, we keep
one tweet and remove the duplicates. Then, unwanted
characters, punctuation marks, numerical values are
removed. Tweets are then converted into lowercase.
Empty or null tweets are removed and misspelled
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3)

4)
Fig. 2: Word Cloud Generated after pre-processing
words are corrected with pyspellchecker library [20].
Finally, stop words were filtered from the tweets as
shown in Figure 2.
After the pre-processing step, tweets are labeled by
applying two classes as positive or negative based on
the tweet posted by the user whether they support
the mask wearing practices. 1200 tweets are labeled
as both positive and negative sentiments as shown in
Table 1 which avoids the issue of data imbalance by
labeling an equal amount of tweets for each classes.
Sentiment
Positive
Negative
Total

Labeled Tweets
600
600
1200

3.4

This study then applied several Feature selection Techniques to gather informative features by excluding
non-informative features from the sparse feature vector which helps to lessen the feature size. Hence, a
large number of features may produce less accurate
models and tend to increase computational time and
complexity [25]. In this study, three main feature selection techniques are applied to compare and contrast
the performance of each decision models. The feature
selection techniques are as follows.
1)

2)
3.3 Feature Extraction & Feature Representation
The labeled data is transformed into vectors by applying two feature extraction strategies: i) BOW Representation, and ii) Ngram words representation to apply
the sparse data with bigram trigram and hybridgram
sequence of words. Scikitlearn provides several vectorizer objects to perform feature extraction strategies
efficiently and this study uses four of those vectorizers
as,

2)

CountVectorizer: It’s one of the basic and
simple ways to tokenize a collection of texts
into building a known word. It is used to count
the number of times a token shows up in the
document and uses this value as its weight
[21].
TF-IDF Vectorizer: TF-IDF (Term
frequency-inverse document frequency) is

used to highlight the words which are more
significant to the document in a collection of
documents. IDF (Inverse Document Frequency) calculates the importance of a term. Some
words which may appear in every document
such as ’this’, ’the’, ’what’ and ’if’ rank lower
because they do not add much significance to
the document [22].
TF: It is a feature representation technique
used to describe how often a term occurs in
a document. Terms are known to be words,
phrases or tokens in a text [23].
BR: The binary feature value representation
reflects on (i.e., 1 for presence and 0 for absence) features disregarding the occurrence of
the term in the document [24].
Feature Selection

TABLE 1: Labeled sentiments

1)
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3)

3.5

Chi-Squared Test: It is a statistical test
used to determine whether there is a statistically important difference between expected
and observed frequencies in the feature vector
[25][26].
Information Gain: It is an entropy-based
feature selection method and it is calculated
by the use of the term for classification of
information by the importance given in a
feature vector [27].
ANOVA F-Value: Analysis of Variance
(ANOVA) is a statistical way to check the
means of two or more different groups in
a feature vector. This helps to decrease the
features by selecting the important features
which significantly improve the computation
time and accuracy of decision models [28].
Decision Models

There are numerous supervised machine learning decision models available for sentiment analysis [29].
However, each decision model has its unique ways
of the learning process. Therefore, picking the most
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applicable decision model for the study is critical. This
study mainly uses five decision models, i.e., linear and
polynomial SVM kernels, NB, MaxEnt, RF and KNN
applied on master feature vectors to find the best
performing decision models.
3.6

Creating Master Feature Vectors

The tweets are pre-processed via the support of Natural Language Tool Kit (NLTK) [30]. After preprocessing the tweets, features are extracted using
BOW, N-Grams as bigram, trigram and hybrid-grams
(BOW + bigram + trigram). Then, the study advances
to the next step by implementing the feature representation by applying BR, TF, TF-IDF and CountVectorizer. Moreover, best 1000 features are filtered using
Chi-Squared Test, information gain, and Anova FValue from the feature vector. Hence, based on the
feature extraction, feature representation and feature
selection criteria, 48 master feature vector labels are
formed as shown in Table 2.
3.7

Applying Word Embedding Techniques

This study applies two word embedding techniques apart from master feature vectors. Whereas,
Word2Vec and GloVe allow to show the words in vector form (embedding). Hence, Word2vec embedding
is based on training a shallow feed-forward neural
network, while GloVe embedding is learnt via matrix
factorization techniques [31][32].

4

Results

The experiments show various findings related to each
specified portion mentioned in the methodology. The
Train and Test accuracy along with macro precision,
macro recall and macro F-measure represented with
word embedding techniques, master feature vectors
indicating 288 analysis with 4 feature extraction, and
4 feature representation accompanying 5 classification algorithms are shown in Table 3-12. The values
which are represented in a table with the lowest are
highlighted in bold red and the highest with bold
green. Moreover, when comparing to the accuracy
of train and test for master feature vectors, lowest
training accuracy (0.506), test accuracy (0.467) and
the highest training accuracy (0.99), and test accuracy
(0.842) were obtained. However, in training sets, all
algorithms comparatively perform better except KNN
which struggles with information gain as the feature
selection scheme. Moreover, for word embedding techniques, the lowest train accuracy (0.65), test accuracy
(0.581) and the highest training accuracy (1.0), test
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accuracy (0.653) are achieved. Therefore, both GloVe
and Word2Vec embedding have the highest accuracy
when training with NB algorithm.
The performance measurement of master feature Vectors for the lowest macro precision (0.481),
macro recall (0.483) and macro F-measure (0.347)
were achieved. Whereas, the highest macro precision
(0.863), macro recall (0.837) and macro F-measure
(0.838) were accomplished by NB algorithm. Overall
NB has performed better compared to other five algorithms. In word embedding techniques, lowest macro
precision (0.578), macro recall (0.578) and macro Fmeasure (0.578) were obtained by NB algorithm, and
the highest macro precision (0.652), macro re-call
(0.653) and macro F-measure (0.652) were achieved
by linear SVM algorithm.

5

Discussion

This study indicates that hybrid-grams and BOW perform well compared to bigram or trigram when applying Chi-squared test, information gain and Anova FValue as feature representation. Whereas, NB decision
model performs significantly better compared to other
algorithms. Moreover, next to NB algorithm, MaxEnt
performs better in all feature extraction, feature selection, and feature representation criteria mentioned
in the study. Although, it does not perform well in
trigram as feature extraction.
When assessing the Chi-squared test, information
gain and Anova F-Value, Chi-squared test gives better performance than information gain and Anova FValue. In terms of feature representation, CountVectorizer comparatively performs well along with other
feature representation schemes. This study shows that
KNN algorithm does not perform well in all three
feature selection techniques compared to other algorithms. Hence, this study finds that the highest macro
F-measure and macro precision with feature extraction
as hybrid-grams, feature representation as TF-IDF,
feature selection as Chi-squared test and the highest
macro recall is achieved with feature extraction as
BOW, and feature representation as TF-IDF. Feature
selection as ANOVA F-value performs better when
applying NB as decision model.
This study also uses word embedding techniques to
assess the performance of the algorithms. Whereas, linear SVM performs well compared to other algorithms.
Although, the highest macro precision, macro recall
and macro F-measure values are very low compared to
feature vector representation schemes. NB algorithm
has the lowest accuracy in both GloVe and Word2Vec
word embedding techniques as shown in Figure 3-5
respectively.
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Label
L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24

Master feature vector
BOW + BR + Information Gain
BOW + TF + Information Gain
BOW + TF-IDF + Information Gain
BOW + CountVectorizer+ Information Gain
Bigram + BR + Information Gain
Bigram + TF + Information Gain
Bigram + TF-IDF + Information Gain
Bigram + CountVectorizer+ Information Gain
Trigram + BR + Information Gain
Trigram + TF + Information Gain
Trigram + TF-IDF + Information Gain
Trigram + CountVectorizer + Information Gain
Hybrid-grams + BR + Information Gain
Hybrid-grams + TF + Information Gain
Hybrid-grams + TF-IDF + Information Gain
Hybrid-grams + CountVectorizer + Information Gain
BOW + BR + Chi-Squared Test
BOW + TF + Chi-Squared Test
BOW + TF-IDF + Chi-Squared Test
BOW + CountVectorizer+ Chi-Squared Test
Bigram + BR + Chi-Squared Test
Bigram + TF + Chi-Squared Test
Bigram + TF-IDF + Chi-Squared Test
Bigram + CountVectorizer+ Chi-Squared Test

Label
L25
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48
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Master feature vector
Trigram + BR + Chi-Squared Test
Trigram + TF + Chi-Squared Test
Trigram + TF-IDF + Chi-Squared Test
Trigram + CountVectorizer+ Chi-Squared Test
Hybrid-grams + BR + Chi-Squared Test
Hybrid-grams + TF + Chi-Squared Test
Hybrid-grams + TF-IDF + Chi-Squared Test
Hybrid-grams + CountVectorizer+ Chi-Squared Test
BOW + BR + ANOVA F-value
BOW + TF + ANOVA F-value
BOW + TF-IDF + ANOVA F-value
BOW + CountVectorizer + ANOVA F-value
Bigram + BR + ANOVA F-value
Bigram + TF + ANOVA F-value
Bigram + TF-IDF + ANOVA F-value
Bigram + CountVectorizer + ANOVA F-value
Trigram + BR + ANOVA F-value
Trigram + TF + ANOVA F-value
Trigram + TF-IDF + ANOVA F-value
Trigram + CountVectorizer+ ANOVA F-value
Hybrid-grams + BR + ANOVA F-value
Hybrid-grams + TF + ANOVA F-value
Hybrid-grams + TF-IDF + ANOVA F-value
Hybrid-grams + CountVectorizer+ ANOVA F-value

TABLE 2: Master feature vectors

KNN

Word Embeddings

0.714
0.737

0.694
0.717

GloVe
Word2Vec

TABLE 3: Train accuracy of word embeddings

KNN

MaxEnt

1.0
1.0

MaxEnt

RF

0.65
0.668

RF

NB

0.702
0.804

NB

SVM Polynomial

0.719
0.761

SVM Polynomial

SVM Linear

GloVe
Word2Vec

SVM Linear

Word Embeddings

Fig. 3: Macro recall of 288 analysis + word embedding

0.622
0.653

0.6
0.639

0.581
0.594

0.644
0.603

0.628
0.65

0.6
0.606

TABLE 4: Test accuracy of word embeddings
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Fig. 4: Macro precision of 288 analysis + word embedding

0.601
0.604

TABLE 5: Macro precision of word embeddings

6

Conclusion

This study evaluates the mask-wearing practices during the Covid-19 pandemic via analyzing Twitter
tweets to find the performance of several decision

KNN

KNN

0.632
0.65

MaxEnt

MaxEnt

0.644
0.601

RF

RF

0.578
0.593

NB

NB

0.604
0.638

SVM Polynomial

SVM Polynomial

0.628
0.652

SVM Linear

SVM Linear

GloVe
Word2Vec

Word Embeddings

Word Embeddings

Fig. 5: Macro F-measure of 288 analysis + word embedding

GloVe
Word2Vec

0.627
0.653

0.604
0.638

0.578
0.593

0.644
0.601

0.631
0.65

0.588
0.598

TABLE 6: Macro recall of word embeddings

models. This study helps to detect whether the maskwearing practices have been implemented or supported. Hence, those who discourage mask-wearing
practices can be prevented based on the sentiment

TABLE 7: Macro F-measure of all word embeddings

of the tweets. This study has assessed each decision
model’s performance with 228 master feature vectors
by applying several feature extractions, feature representations, and feature selection schemes. Hence, this
study concludes that NB performs significantly better,
and KNN has the lowest performance compared to
other decision models mentioned in the study. This
study has two major limitations: i) increasing the
number of labeled tweets, ii) applying more classes
to the tweets. As the future direction, we can further
enhance the study by applying more supervised machine learning algorithms along with different feature
representations and feature selection techniques.
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KNN

0.58
0.596

MaxEnt

0.628
0.649

RF

KNN

0.644
0.601

NB
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0.578
0.593
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RF

0.6
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SVM Linear

NB
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0.652
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L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48

0.927
0.827
0.865
0.938
0.863
0.757
0.76
0.849
0.811
0.621
0.579
0.796
0.92
0.775
0.77
0.921
0.927
0.821
0.867
0.921
0.868
0.802
0.756
0.87
0.811
0.651
0.651
0.81
0.923
0.781
0.802
0.924
0.942
0.814
0.855
0.651
0.651
0.81
0.923
0.781
0.802
0.924
0.942
0.814
0.855
0.936
0.877
0.781
0.731
0.875
0.821
0.59
0.567
0.820
0.932
0.731
0.796
0.927

0.889
0.956
0.99
0.913
0.865
0.911
0.92
0.849
0.814
0.799
0.827
0.8
0.875
0.94
0.988
0.863
0.94
0.93
0.951
0.936
0.87
0.856
0.761
0.868
0.812
0.743
0.638
0.811
0.895
0.913
0.898
0.888
0.902
0.905
0.948
0.743
0.638
0.811
0.895
0.913
0.898
0.888
0.902
0.905
0.948
0.904
0.88
0.865
0.856
0.877
0.825
0.795
0.777
0.825
0.879
0.867
0.908
0.879

0.861
0.887
0.895
0.854
0.84
0.829
0.832
0.838
0.805
0.796
0.795
0.804
0.858
0.821
0.826
0.851
0.874
0.889
0.892
0.865
0.839
0.845
0.84
0.84
0.805
0.757
0.745
0.804
0.854
0.873
0.864
0.854
0.848
0.871
0.896
0.757
0.745
0.804
0.854
0.873
0.864
0.854
0.848
0.871
0.896
0.85
0.832
0.836
0.836
0.835
0.804
0.787
0.785
0.804
0.852
0.835
0.831
0.856

0.831
0.876
0.887
0.86
0.736
0.763
0.756
0.731
0.67
0.714
0.729
0.694
0.815
0.887
0.876
0.827
0.842
0.845
0.819
0.833
0.717
0.749
0.752
0.721
0.676
0.67
0.673
0.706
0.805
0.807
0.789
0.81
0.826
0.845
0.856
0.67
0.673
0.706
0.805
0.807
0.789
0.81
0.826
0.845
0.856
0.837
0.727
0.73
0.756
0.768
0.724
0.679
0.682
0.730
0.830
0.829
0.832
0.813

0.906
0.794
0.835
0.914
0.854
0.777
0.804
0.838
0.806
0.758
0.757
0.792
0.899
0.761
0.776
0.901
0.894
0.794
0.843
0.9
0.861
0.808
0.802
0.865
0.806
0.739
0.723
0.804
0.889
0.78
0.796
0.9
0.91
0.785
0.839
0.739
0.723
0.804
0.889
0.78
0.796
0.9
0.91
0.785
0.839
0.914
0.864
0.789
0.79
0.863
0.815
0.752
0.761
0.817
0.904
0.756
0.789
0.900

0.676
0.536
0.506
0.606
0.627
0.671
0.687
0.675
0.751
0.681
0.683
0.623
0.683
0.648
0.537
0.649
0.681
0.698
0.726
0.686
0.632
0.746
0.705
0.707
0.733
0.69
0.629
0.73
0.656
0.689
0.742
0.696
0.671
0.674
0.679
0.69
0.629
0.73
0.656
0.689
0.742
0.696
0.671
0.674
0.679
0.649
0.689
0.682
0.664
0.701
0.663
0.732
0.624
0.737
0.686
0.657
0.664
0.702

TABLE 8: Train accuracy of 288 master feature vector
analysis

0.528
0.547
0.547
0.575
0.517
0.497
0.506
0.547
0.514
0.494
0.519
0.528
0.569
0.553
0.544
0.556
0.558
0.558
0.55
0.519
0.536
0.672
0.656
0.558
0.5
0.617
0.6
0.503
0.525
0.586
0.633
0.536
0.578
0.564
0.558
0.525
0.578
0.611
0.6
0.572
0.622
0.528
0.589
0.514
0.581
0.522
0.572
0.567

TABLE 9: Test accuracy of 288 master feature vector
analysis

KNN

KNN

0.742
0.636
0.636
0.711
0.742
0.581
0.597
0.728
0.692
0.494
0.494
0.639
0.772
0.614
0.611
0.753
0.739
0.689
0.728
0.728
0.731
0.697
0.642
0.722
0.689
0.561
0.542
0.692
0.783
0.686
0.736
0.758
0.733
0.697
0.731
0.739
0.708
0.681
0.669
0.708
0.689
0.6
0.542
0.692
0.778
0.667
0.692
0.778

MaxEnt

MaxEnt

0.65
0.625
0.628
0.633
0.586
0.558
0.567
0.586
0.517
0.489
0.497
0.525
0.675
0.617
0.606
0.664
0.667
0.65
0.647
0.647
0.558
0.592
0.597
0.578
0.517
0.508
0.514
0.528
0.672
0.664
0.667
0.661
0.631
0.631
0.647
0.664
0.547
0.553
0.575
0.578
0.536
0.517
0.514
0.542
0.683
0.631
0.636
0.65

RF

RF

0.75
0.644
0.639
0.717
0.761
0.703
0.7
0.758
0.683
0.594
0.594
0.683
0.831
0.631
0.619
0.819
0.767
0.767
0.769
0.747
0.758
0.767
0.711
0.758
0.683
0.683
0.686
0.683
0.831
0.839
0.842
0.817
0.728
0.769
0.839
0.742
0.747
0.767
0.761
0.747
0.683
0.686
0.625
0.683
0.825
0.825
0.822
0.819

NB

NB

0.719
0.642
0.631
0.656
0.714
0.581
0.647
0.697
0.672
0.506
0.506
0.606
0.731
0.617
0.628
0.681
0.703
0.728
0.75
0.683
0.708
0.703
0.564
0.708
0.678
0.553
0.481
0.681
0.731
0.719
0.8
0.708
0.694
0.736
0.744
0.708
0.683
0.694
0.728
0.678
0.675
0.667
0.581
0.678
0.736
0.742
0.772
0.711

SVM Polynomial

SVM Polynomial

0.714
0.65
0.658
0.689
0.714
0.55
0.55
0.706
0.686
0.467
0.475
0.628
0.767
0.606
0.589
0.739
0.719
0.717
0.769
0.703
0.719
0.703
0.569
0.694
0.686
0.494
0.497
0.686
0.736
0.686
0.742
0.728
0.725
0.717
0.758
0.736
0.692
0.65
0.553
0.672
0.686
0.489
0.481
0.686
0.739
0.692
0.711
0.747

SVM Linear

SVM Linear

L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48

124

Master Feature Vectors

Master Feature Vectors

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 116–126, JUL–DEC, 2020

L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48

0.713
0.648
0.657
0.689
0.738
0.557
0.587
0.705
0.762
0.481
0.535
0.63
0.766
0.603
0.595
0.738
0.719
0.716
0.768
0.705
0.742
0.733
0.642
0.718
0.762
0.646
0.652
0.767
0.736
0.685
0.745
0.727
0.724
0.716
0.757
0.736
0.709
0.685
0.615
0.689
0.748
0.655
0.6
0.753
0.738
0.691
0.71
0.746

0.719
0.64
0.63
0.654
0.742
0.582
0.646
0.696
0.758
0.52
0.527
0.606
0.731
0.616
0.626
0.692
0.703
0.727
0.762
0.682
0.733
0.731
0.712
0.74
0.762
0.695
0.737
0.763
0.737
0.727
0.802
0.719
0.693
0.735
0.744
0.71
0.697
0.712
0.751
0.691
0.744
0.738
0.688
0.747
0.736
0.742
0.788
0.722

0.8
0.643
0.637
0.728
0.822
0.725
0.715
0.82
0.797
0.606
0.603
0.797
0.858
0.63
0.617
0.843
0.788
0.797
0.794
0.781
0.816
0.817
0.778
0.816
0.797
0.783
0.785
0.797
0.858
0.861
0.863
0.844
0.769
0.798
0.839
0.778
0.794
0.821
0.818
0.794
0.783
0.785
0.741
0.783
0.854
0.849
0.848
0.851

0.648
0.623
0.629
0.634
0.647
0.578
0.582
0.631
0.636
0.509
0.518
0.648
0.674
0.617
0.604
0.662
0.665
0.649
0.645
0.646
0.612
0.654
0.656
0.636
0.62
0.632
0.632
0.66
0.671
0.662
0.667
0.66
0.64
0.63
0.646
0.662
0.59
0.602
0.621
0.617
0.64
0.628
0.604
0.646
0.682
0.629
0.634
0.648

0.741
0.636
0.637
0.709
0.762
0.587
0.614
0.728
0.766
0.51
0.516
0.641
0.771
0.614
0.615
0.753
0.738
0.688
0.727
0.727
0.751
0.729
0.694
0.741
0.764
0.701
0.667
0.766
0.783
0.685
0.744
0.758
0.732
0.696
0.73
0.738
0.723
0.703
0.696
0.723
0.75
0.708
0.646
0.752
0.777
0.667
0.694
0.777

0.518
0.604
0.77
0.55
0.549
0.488
0.498
0.541
0.564
0.481
0.506
0.526
0.571
0.553
0.645
0.558
0.554
0.553
0.565
0.51
0.525
0.698
0.693
0.554
0.535
0.666
0.75
0.546
0.51
0.586
0.636
0.526
0.6
0.56
0.562
0.51
0.592
0.612
0.603
0.58
0.726
0.587
0.712
0.585
0.58
0.527
0.584
0.563

TABLE 10: Macro precision recall of all 288 master
feature vector analysis

0.516
0.517
0.515
0.55
0.535
0.489
0.499
0.539
0.536
0.483
0.505
0.526
0.553
0.532
0.513
0.535
0.544
0.546
0.56
0.705
0.517
0.658
0.638
0.544
0.521
0.595
0.572
0.525
0.507
0.573
0.624
0.52
0.556
0.558
0.561
0.507
0.558
0.6
0.587
0.553
0.597
0.55
0.561
0.539
0.568
0.526
0.58
0.554

TABLE 11: Macro recall of all 288 master feature
vector analysis

KNN

KNN

0.74
0.636
0.637
0.709
0.731
0.586
0.606
0.729
0.673
0.508
0.512
0.641
0.77
0.615
0.615
0.75
0.738
0.689
0.728
0.705
0.719
0.708
0.657
0.711
0.67
0.587
0.568
0.673
0.782
0.686
0.741
0.756
0.733
0.697
0.731
0.739
0.716
0.69
0.68
0.716
0.671
0.622
0.567
0.674
0.776
0.668
0.694
0.776

MaxEnt

MaxEnt

0.647
0.624
0.629
0.634
0.605
0.57
0.576
0.602
0.544
0.506
0.514
0.552
0.674
0.617
0.605
0.662
0.665
0.65
0.644
0.705
0.577
0.61
0.615
0.596
0.544
0.537
0.542
0.555
0.671
0.66
0.66
0.657
0.637
0.631
0.647
0.662
0.565
0.571
0.592
0.593
0.561
0.544
0.54
0.567
0.68
0.628
0.632
0.647

RF

RF

0.763
0.643
0.636
0.728
0.746
0.69
0.689
0.743
0.661
0.577
0.578
0.661
0.821
0.623
0.613
0.81
0.775
0.777
0.779
0.705
0.743
0.753
0.727
0.743
0.661
0.662
0.665
0.661
0.821
0.83
0.833
0.807
0.74
0.779
0.837
0.753
0.733
0.752
0.746
0.733
0.662
0.665
0.647
0.662
0.815
0.816
0.813
0.809

NB

NB

0.716
0.64
0.631
0.654
0.701
0.582
0.646
0.696
0.651
0.517
0.521
0.606
0.726
0.616
0.624
0.67
0.698
0.727
0.756
0.705
0.696
0.713
0.59
0.695
0.657
0.579
0.513
0.66
0.723
0.711
0.796
0.699
0.692
0.734
0.745
0.711
0.69
0.703
0.716
0.685
0.656
0.647
0.603
0.658
0.733
0.738
0.763
0.702

SVM Polynomial

SVM Polynomial

0.714
0.646
0.657
0.689
0.702
0.555
0.567
0.706
0.667
0.493
0.506
0.63
0.765
0.603
0.594
0.736
0.72
0.713
0.768
0.705
0.708
0.714
0.59
0.682
0.667
0.525
0.528
0.666
0.733
0.685
0.745
0.726
0.725
0.713
0.757
0.737
0.7
0.663
0.573
0.68
0.668
0.52
0.512
0.667
0.737
0.688
0.711
0.746

SVM Linear

SVM Linear

L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48
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L1
L2
L3
L4
L5
L6
L7
L8
L9
L10
L11
L12
L13
L14
L15
L16
L17
L18
L19
L20
L21
L22
L23
L24
L25
L26
L27
L28
L29
L30
L31
L32
L33
L34
L35
L36
L37
L38
L39
L40
L41
L42
L43
L44
L45
L46
L47
L48

0.713
0.646
0.657
0.688
0.698
0.549
0.529
0.705
0.646
0.387
0.359
0.628
0.765
0.603
0.588
0.737
0.719
0.714
0.768
0.703
0.704
0.699
0.536
0.676
0.646
0.385
0.39
0.645
0.733
0.685
0.742
0.726
0.724
0.714
0.757
0.736
0.69
0.643
0.518
0.67
0.65
0.371
0.359
0.649
0.737
0.689
0.71
0.746

0.717
0.64
0.63
0.654
0.696
0.58
0.646
0.696
0.625
0.495
0.485
0.605
0.727
0.616
0.624
0.666
0.698
0.727
0.75
0.682
0.691
0.699
0.504
0.688
0.633
0.489
0.347
0.637
0.724
0.711
0.798
0.698
0.693
0.734
0.744
0.708
0.682
0.693
0.714
0.677
0.634
0.622
0.538
0.638
0.733
0.739
0.764
0.7

0.745
0.643
0.636
0.713
0.741
0.686
0.686
0.738
0.632
0.556
0.561
0.632
0.824
0.622
0.613
0.813
0.765
0.764
0.768
0.744
0.739
0.75
0.701
0.739
0.632
0.636
0.64
0.632
0.824
0.833
0.836
0.809
0.723
0.767
0.838
0.738
0.728
0.749
0.742
0.728
0.636
0.64
0.593
0.636
0.817
0.818
0.815
0.811

0.647
0.623
0.628
0.633
0.562
0.551
0.562
0.568
0.436
0.461
0.473
0.45
0.674
0.616
0.604
0.662
0.665
0.649
0.644
0.646
0.53
0.568
0.576
0.552
0.442
0.419
0.432
0.452
0.671
0.661
0.66
0.657
0.63
0.63
0.646
0.662
0.522
0.525
0.555
0.561
0.475
0.439
0.442
0.483
0.68
0.628
0.633
0.647

0.74
0.635
0.636
0.71
0.73
0.58
0.593
0.728
0.654
0.479
0.467
0.639
0.771
0.614
0.611
0.75
0.738
0.688
0.727
0.727
0.718
0.693
0.629
0.709
0.65
0.502
0.477
0.654
0.782
0.685
0.736
0.757
0.732
0.697
0.73
0.738
0.707
0.678
0.665
0.707
0.654
0.564
0.483
0.658
0.776
0.666
0.692
0.777

0.505
0.403
0.38
0.49
0.487
0.484
0.496
0.535
0.467
0.472
0.487
0.526
0.531
0.489
0.383
0.494
0.527
0.536
0.544
0.5
0.483
0.648
0.621
0.527
0.456
0.559
0.495
0.453
0.475
0.563
0.621
0.498
0.512
0.558
0.558
0.477
0.523
0.595
0.577
0.523
0.545
0.483
0.481
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Abstract
Arsenic is a carcinogenic element capable to get into water bodies and drinking water supplies from natural deposits
and industrial practices. Its presence in drinking underground water is highly toxic to human health. The study is
focused on the development of indigenous Iron-Coated Pottery Granules (ICPG) to remove As from groundwater
of Hala City. The developed ICPG was agitated with local clay white flour and water. A low-cost adsorbent namely
ICPG was synthesized for the expulsion of As from underground water. The ICGP was characterized with SEM
and FTIR techniques. Furthermore, the impact of physical parameters including adsorbate concentration, dosage,
mixing time, pH, and contact time on As removal efficiency was investigated in batch experiments. The maximum
removal efficiency was achieved with an adsorbent dosage of 0.5 grams at pH =7 for a contact time of 90 minutes
when agitated at a speed of 150 r/min. The arsenic removal efficiency was found highly dependent on contact time
increase and optimum pH (maximum removal achieved at strong adsorption of As at pH 4–7), however, the rise
of adsorbate concentration resulted in the decrement in the efficiency after certain range. Batch adsorption study
of underground water sample collected from Hala, Sindh, Pakistan was performed with satisfactory results, i.e. 94
arsenic removal from water. All the water samples were analyzed through atomic absorption Spectrophotometer.
The investigation has indicated that ICPG is an exceptionally favourable material for As removal from drinking
underground water and can be applied to handle the arsenic issue in most of the regions of Sindh province.

Keywords—Drinking water, indigenous pottery granules, arsenic removal, batch adsorption study
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1

Introduction

A

rsenic is a lethal and cancer-causing element
and WHO has considered it a priority issue
among the poisonous substances [1]. Arsenic-rich
rocks are the primary sources of As in ground
water through which the water has permeated.
Mining and industrial activities also contribute in
receiving As in different regions [2]. Anthropogenic
and industrial activities including mining, combustion
of fossil fuels, agriculture and industrial waste
discharges also contribute to arsenic contamination
in potable water. A large number of individuals
are enduring with skin diseases, cancers and other
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.18
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University of Engineering Science & Technology, Nawabshah,
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relevant infections because of the utilization of As
contaminated groundwater around the world, mostly
China, India and Bangladesh, etc [3]. WHO prescribed
safe permissible limit of As in potable water is 10 ppb;
whereas, that of EPA Pakistan is 50 ppb. Membrane
separation, coagulation, Sorptive media filtration
and adsorption are the most efficient technologies
adopted to eliminate As from drinking water sources
[4][5]. Among all the methods, adsorption is one of
the economical and easily applicable techniques [6].
Filtration, precipitation and co-precipitation are three
basic mechanisms employed for the removal of As
from water through coagulation process [7][8]. At
molecular level, Sorptive media filtration technique is
used to mitigate dissolved As by addition of sorptive
media [7]. Iron-coated pottery granules (IGPC)
based method has been described for As expulsion
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Fig. 1: Methodological steps for ICGP development
from potable water [9][10]. The main objectives of
this study are: (a) to develop and synthesize ironcoated pottery granules through indigenous sand,
(b) cCharacterization of ICPG by SEM and FTIR
techniques, (c) to acknowledge the effect of adsorbent
dosage, pH, contact time and initial adsorbate conc.
on As expulsion efficiency.

2
2.1

Material & Methods
Synthesis of Iron-Coated Pottery Granules

All analytical grade chemicals glassware were cleaned
and soaked in 10% HCl, and properly washed with
de-ionized water. Arsenite solution (100 ppm) was
prepared by dissolving potassium arsenate monobasic
(AsH2 KO4 ) in distilled water, and one drop of nitric
acid (HN O3) was used for preservation of synthesized
solution. The detailed development processes of ICGP
is described in Figure 1, where important stages are
involved in the synthesis of ICPG media: (1) firstly,
pottery granules were produced by the adequate mixture of local clay (kaolinite, 97% pure), white flour
(carbon source material) and water and heated in an
oven first at 110℃ and then further to 500℃ for 3
hours, (2) synthesis of zero-valent iron was accomplished by mixing iron chloride hexahydrate solution
with sodium borohydride solution resulting black solid
particles, which were then washed with ethanol, dried
and attached to pottery granules (3:7) with continuous
stirring. Iron powder and granules were mixed for 20
minutes and put into an aluminum sheet, and (3)
iron-coated pottery granules were heated again, first
at 80◦ C and then at 500◦ C for 1 hour. Granules were
observed to be strengthened by this re-firing process.
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2.2 Characterization
The iron-coated pottery granule (ICPG) was characterized by different analytical instruments. Scanning
electron microscope (JEOL, JSM-6380LV, USA) measured surface morphology of the adsorbent where surface characteristics of the material with an accelerated
voltage of 5 kV and 1, 000× magnification. To determine different functional groups of ICPG, FTIR spectrometer was utilized. The FTIR spectra were noted
in the wavelength range of 4000-500 cm−1 . Atomic
Absorption Spectroscopy (AAnalyst700, PerkinElmer,
USA) was utilized for the determination of arsenic [As
(V)] in the solution. China clay (DRK-7) was used as
a basic constitute for the synthesis of the adsorbent.
FTIR (PerkinElmer, USA) technique was also utilized
to deduce internal bindings of As by the adsorbent.
2.3 Batch Adsorption Experiments
The adsorption features of arsenic onto ICPG were
considered under equilibrium and dynamic conditions.
All the batch experiments were conducted in a 100
ml flask to examine the As removal efficiency of
ICPG media while considering the wide ranges of each
physical parameter’s adsorbent dosage (0.25 to 1.5
grams/50ml), pH(2-10), contact time (0.5 to 02 hours),
and mixing speed of 150 r/min at a regulated room
temperature of 24◦ C ± 2◦ C [11].
Each sample was further processed to gravity filtration
process by using normal lab filters and then the residual concentration of As for all samples were analyzed
using atomic absorption spectrometer.

3

Results

This section presents the results of this study.
3.1 Scanning Electron Microscope (SEM)
The SEM test of ICPG, i.e., unused iron coated pottery granules (before adsorption) was carried at a
magnification of 250× and 100× (Figure 2a) in order
to relate with exhausted ICPG adsorption (by AS) at
a magnification of 250× and 100× (Figure 2b).
Figure 2a and Figure 2b relate the surface structures of
unused ICPG (before the arsenic test) with exhausted
ICPG (after arsenic test) at a magnification of 250×
and 100× respectively. Figure 2a represents that a
rough surface has been build up for As adsorption
by the iron and clay substrate on ICPG surfaces. The
smooth surface structure appears to some extent due
to extensive flow by contact during arsenic adsorption
(Figure 2b). Arsenic adsorption takes place at the
surface media, apparently including inner surface areas
of the media pores.
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(a)

Fig. 3a: FTIR spectra of ICPG before adsorption

(b)

Fig. 2: SEM of ICPG (a) before and (b) after adsorption of As
3.2 Fourier-Transform
(FTIR)

Infrared

Spectroscopy

In order to analyze different functional groups of As
(before and after) adsorption, the FTIR bands of
ICPG was measured (Figure 3a and Figure 3b). The
existence of band at 3414.58 cm−1 is because of bonded
OH groups, which specifies the occurrence of water
crystallization. The band at 2882.01 cm−1 is the result
of amide group, but after adsorption, it is shifted to
2994.19 cm−1 by means of little broadening. The band
at 1612.42 cm−1 is because of the presence of C = O
stretching groups available information [12].
3.3

Fig. 3b: FTIR spectra of ICPG After adsorption

Batch adsorption studies

3.3.1 Effect of Adsorbent Dose
Adsorbent dosage has a significant effect on arsenic
removal. Weights of adsorbent were varied from (0.1
to 1.0 g/50ml). Each flask of different dose in 50 ml
solution with 50 ppb initial concentration adjusted
to required pH7 was shaken in agitator (MIDGET
STIRRER, MZ-800H) with 150 rpm at 25◦ C ± 1◦
for required incubation time (90 min). The results

Fig. 4: Effect of adsorbent dose on arsenic removal
efficiency
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Fig. 5: Effect of contact time on the adsorption of As
revealed that maximum adsorption of As by ICPG
was 95% with 0.5g/50ml of the adsorbent as shown in
Figure 4. It could be seen in Figure 4 that As expulsion
efficiency significantly increased with the addition of
adsorbent dosage. The change in dose from 0.1 to
0.5 g/50ml brought about an increment from 52.4 to
95% in adsorption of As. This might be because of
the more availability of the interchangeable sites at
elevated concentrations of the adsorbent [13][14]. No
substantial growth in As expulsion efficiency was seen
on further addition of adsorbent dosages from 0.5g
onwards.
3.3.2 Effect of Contact Time
The impact of contact time on arsenic expulsion efficiency was calculated in the range of 30 min to 120
min at pH=7 and adsorbent dose of 0.5 grams. A
weighed amount of ICPG was utilized in 50 ppb arsenic
and agitated in a shaker at 150 r/min at varied time
intervals of 30, 60, 90 and 120 mints. It was found that
As adsorption attained a maximum value (i.e. 94.5%)
after 90 min, after which no considerable variation was
detected. The fast adsorption rate at early stage is
due to greater presence of active binding sites on the
adsorbent surface 15. Therefore, a 90 minutes contact
time for ICPG was satisfactory to attain equilibrium.
3.3.3 Effect of pH
To observe the impact of pH on arsenic removal efficiency, the adsorption behaviour of the ICPG was
assessed in various arrangements of analyses at varying pH of 2, 4, 6, 7, 8 and 10. It was observed
that As adsorption is good in limits between 4.07.0 and maximum at pH=7.0 (92.7%), and it was
considered an ideal pH state for more experimentation
[16]. The arsenic removal efficiency was seen to be
decreasing sharply at higher pH range, i.e. at pH=8.0

Fig. 6: Effect of pH on Arsenic removal efficiency
and pH=10.0. The reduction in Arsenic removal with
increasing pH might be because (i) a huge quantity
of hydroxyl ions in water try to compete for active
sites alkaline pH, or (ii) the above-achieved pH demonstrates a decent concurrence with zero-point surface
charge [17].
3.3.4 Effect of Initial Arsenic (Adsorbate) Concentration
The adsorption behaviour of As was analyzed in As
concentration limit of 25-100 ppb at pH=7.0. Essentially, the removal percentage of As on ICPG adsorbent was first enhanced with increasing the initial
amount of As attaining the optimal level of 95.0%
at 50 ppb As concentration. From there, the level of
evacuation demonstrated a little decline as shown in
Figure 7.
3.4 Study on Real Water Sample (Hala City) for
As Expulsion
For the purpose of evaluating the arsenic removal
results of the real sample, real sample water (groundwater) was collected from Hala city, Sindh, Pakistan
and its arsenic contamination was tested and found to
be 200 ppb. After the atomic absorption spectrometer
test, the result revealed that As removal is 94% by
employing optimized parameters found in the current
study.
3.5

Comparison With the Literature

The results obtained in the presented study are also
compared with other studies in the literature (Figure
8). While the operating parameters and the type of adsorbent are different in other studies, but the removal
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Fig. 7: Effect of initial arsenic concentration on As
adsorption by ICPG
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solution, agitation time=90 mints and agitation speed
= 150 r/min. From this research, it is evidently concluded that ICPG sample can be appropriately used
for As expulsion from portable water.
This work can be extended by using ICPG as an
adsorbent for the expulsion of arsenic and other contaminated minerals from groundwater, and similarly
in the removal of heavy metal ions from wastewater.
Column studies can also be carried out to determine
the efficiency of the adsorbent for commercial and industrial purposes. By keeping in view the current scenario of arsenic-contaminated water problems around
the globe, the usage of this adsorbent is not up to
that mark. Therefore, more studies and exploration
of this adsorbent are needed. By removing other contaminants from potable water, in this way, the scope
of this adsorbent can be extended.

References

Fig. 8: Comparison of current study with the studies
presented in literature
efficiency of adsorbent developed in our study is highly
efficient compared to others.

4

Conclusions & Recommendations

Iron coated pottery granule has been observed as
an effective adsorbent for As removal from drinking
water. There are several benefits of ICPG media such
as the cost-effective process makes ICPG media a great
competent adsorbent for removing As at ordinary pH,
and its arsenic adsorption competency utilizing F(0)
coated on the sample. The qualitative results from
SEM and FTIR assured the As adsorption. Batch
adsorption experiments showed that the maximum As
removal percentage was 95% under ideal conditions
of adsorbent dosage: 0.5 grams/50ml, pH=7 of the

[1] S. L. Lo, H. Te Jeng, and C. H. Lai, “Characteristics
and adsorption properties of iron-coated sand,” Water Sci.
Technol., vol. 35, no. 7, pp. 63–70, 1997.
[2] J. C. Ng, J. Wang, and A. Shraim, “A global health problem
caused by arsenic from natural sources,” Chemosphere, vol.
52, no. 9, pp. 1353–1359, 2003.
[3] A. L. Lindberg et al., “Arsenic exposure in Hungary, Romania and Slovakia,” J. Environ. Monit., vol. 8, no. 1, pp.
203–208, 2006.
[4] R. C. Cheng, S. Liang, H. C. Wang, and M. D. Beuhler,
“Enhanced coagulation for arsenic removal,” J. / Am. Water
Work. Assoc., vol. 86, no. 9, pp. 79–90, 1994.
[5] D. Mohan and C. U. Pittman, “Arsenic removal from
water/wastewater using adsorbents-A critical review,” J.
Hazard. Mater., vol. 142, no. 1–2, pp. 1–53, 2007.
[6] W. S. Wan Ngah, L. C. Teong, and M. A. K. M. Hanafiah,
“Adsorption of dyes and heavy metal ions by chitosan
composites: A review,” Carbohydr. Polym., vol. 83, no. 4,
pp. 1446–1456, 2011.
[7] H. Luan, B. Teychene, and H. Huang, “Efficient removal
of As(III) by Cu nanoparticles intercalated in carbon nanotube membranes for drinking water treatment,” Chem.
Eng. J., vol. 355, no. August 2018, pp. 341–350, 2019.
[8] J. F. A. Silva, N. S. Graça, A. M. Ribeiro, and A. E.
Rodrigues, “Electrocoagulation process for the removal of
co-existent fluoride, arsenic and iron from contaminated
drinking water,” Sep. Purif. Technol., vol. 197, no. September 2017, pp. 237–243, 2018.
[9] V. L. Dhadge, C. R. Medhi, M. Changmai, and M. K.
Purkait, “House hold unit for the treatment of fluoride, iron,
arsenic and microorganism contaminated drinking water,”
Chemosphere, vol. 199, pp. 728–736, 2018.
[10] Z. Wang, X. Shen, M. Jing, and C. Li, “Enhanced arsenic
removal from drinking water by FeOOH/-Al2O3 granules,”
J. Alloys Compd., vol. 735, pp. 1620–1628, 2018.
[11] F. Ahmed, “Arsenic Mitigation Technologies in South and
East Asia,” East Asia, p. 44, 2006.
[12] S. Mandal, M. K. Sahu, and R. K. Patel, “Adsorption
studies of arsenic(III) removal from water by zirconium
polyacrylamide hybrid material (ZrPACM-43),” Water Resour. Ind., vol. 4, pp. 51–67, 2013.

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 127–132, JUL–DEC, 2020

[13] A. A. Lewinsky, Hazardous materials and wastewater:
treatment, removal and analysis. 2007.
[14] B. Das, “Calcareous Soil as a New Adsorbent to Remove Lead from Aqueous Solution: Equilibrium , Kinetic
and Thermodynamic Study Abstract: 2 . 1 Preparation of
the Synthetic Sample: 2 . 4 Batch Sorption Experiment:,”
Univers. J. Environ. Res. Technol., vol. 1, no. 4, pp. 515–530,
2011.
[15] B. Rajesh Kannan, R. , Rajasimman, M. , Rajamohan,
N. and Sivaprakash, “Equilibrium and Kinetic Studies on
Sorption of Malachite Green using Hydrilla Verticillata
Biomass,” Int. J. Environ. Res, vol. 4, no. 4, pp. 817–824,
2005.
[16] L. Dong, P. V. Zinin, J. P. Cowen, and L. C. Ming, “Iron
coated pottery granules for arsenic removal from drinking
water,” J. Hazard. Mater., vol. 168, no. 2–3, pp. 626–632,
2009.
[17] M. M. Benjamin, R. S. Sletten, R. P. Bailey, and T.
Bennett, “Sorption and filtration of metals using iron-oxidecoated sand,” Water Res., vol. 30, no. 11, pp. 2609–2620,
1996.

132

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 133–137, JUL–DEC, 2020

133

Two Tone Analysis of Magnesium Oxide Based Magnetic Tunnel Junctions
Ahsin Murtaza Bughio1,* , Ehsan Ali Buriro1 , Muhammad Adil Ansari2 , Nasreen Nizamani1 , Shahid
Hussain Siyal3
1

Department of Electronic Engineering, QUEST, Nawabsah, Pakistan.
Department of Electronic Engineering, QUEST Campus, Larkana, Pakistan.
3
Department of Energy & Environment, QUEST, Nawabsah, Pakistan.
*
Corresponding author: ahsan.murtaza@quest.edu.pk
2

Abstract
The magnetic tunnel junction based on magnesium oxide is a device consisting of two ferromagnetic layers separated
by the insulating layer of magnesium oxide which has proved to be the foundation of contemporary magnetic read
sensors in hard disk drives (HDD). This paper sheds light on the usage of Two-Tone Testing method for the complete
treatment of the non-linear impact of sensors related to dynamic ones which is not possible with conventional linear
as well as one-tone measurement techniques. Two-tone technique is considered novel, but is challenging in the area
of magnetic materials and magnetism because of the device’s nature. However, the experimental results demonstrate
the usage of “Two-Tone Testing” to characterize the non-linear properties of a magnetic sensor. Addressing non-linear
properties of a magnetic sensor helps proper design of magnetic sensors before the production, thereby signifying
the importance of this approach.

Keywords—Magnetic Tunnel Junction (MTJ), Non-linear Dynamical Structures, Ferro-Magnetic Resonance (FMR), TwoTone Testing, Testing Techniques
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1

Introduction

T

he growing demand for data storage capacity
has resulted in extensive research in this field in
the past decade. With the start of commercialization
of applications, the idea of Magnetic Tunnel Junction (MTJ) emerged. The high-capacity HDDs require
extensive research in this field, which started from
the introduction of giant magneto-resistive effects to
magnesium oxide MTJs etc. Fast processing of data
points and identification of outliers must be clear and
precise [1] and MTJ serves this modern requirement
very well. MTJ is a device which uses the phenomenon
of tunnel magneto-resistance to hold the information
for hard disk drives (HDD) and serving the purpose of
memory. They are more efficient than the conventional
CMOS memories, as they do not require continuous
refreshing, thus, reducing the power consumption. A
basic structure of MTJ is depicted in Figure 1 which
shows its composition consisting of two Ferro-magnetic
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.19
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layers and a slight Magnesium-Oxide (MgO) barrier
which separates them [2].
AlOx and TiOx were also used initially for fabrication of MTJs. One of these layers is an unfastened layer
known as Free-Ferromagnetic Layer (FFL), while the
other one is known as Reference-Ferromagnetic Layer
(RFL). The FFL has the freedom to displace from its
position in response to magnetic media field; whereas,
the later layer is non-movable. This MTJ device is
deployed in Magnetic Read Sensor (MRS) for reference
shown in Figure 2(a). The resistivity offered by MTJ is
directly proportional to the magnetization directions,
i.e., with parallel spins the resistivity is highest and
vice versa. Furthermore, the relative orientation of the
FFL and RFL is the determinant factor in conductance
of the device. The two ferro-magnetic layers are insulated with MgO barrier and due to very small isolation
of around 1 ηm, tunneling is possible which is the cause
of current conductivity.
The RFL is often supposed to be affixed to the
substrate, as it is mainly immobilized by a finite
energy. The thermal variations and room temperature
of FFL and RFL could be enumerated through its
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2.1

Fig. 1: Basic MTJ structure

Ferromagnetic resonance frequencies (FMR). FFL and
RFL possess the normal FMR frequencies at around 7
and 12 GHz respectively [2] (shown in Figure 2(b)).
Whilst the oscillations related to FMR are natural to
the magnetic read sensors. No technique is evident
to measure the contact between the magnetization
dynamics and the non-linear aspects of MTJ. This limitation in non-linear characterization is explored here.
Oscillations and non-linear behaviors produced at microwave frequency from the magnetization dynamics
of MTJ are powerful enough to influence the sensor’s
overall performance within its operating bandwidth.
These non-linear effects of sensors can be characterized
by using the static I-V curve measurements. These,
un-fortunately, do not represent the magnetization
dynamics of MTJ adequately. The two-tone measurement results suggest that such interaction gives rise
to dynamic nonlinear effects, which produce the nonlinear FFL and RFL coupled modes occurring below
the fundamental MTJ frequencies. In magnetic recording, thermal magnetization fluctuations are the major
source of magnetic sensors’ noise. Thus, these lowerfrequency coupled modes may limit the magnetic sensors’ signal-to-noise ratio (SNR) [4].

2
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One-Tone Measurement

The tunnel magneto-resistance of MTJ is bias dependent, and it reduces with increase in applied DC bias
varying from 0 V to 0.4 V [5] which can be observed
in Figure 3. The non-linear effects of the MTJ are
translated into Magnetic Read Sensors (MRS). The
schematics of the MRS is shown in Figure 4. When
a basic signal comes in contact with the sensor, it
generates higher-order harmonics [6]. The non-linear
properties of MTJ can be analyzed by measuring
harmonics at a variety of direct current (DC) bias
voltage [7].
Using the concept of voltage dependence of MTJ,
we studied the relation of input power and 2nd and 3rd
harmonic at different applied biases. This is achieved
by applying the fundamental frequency f1 at 1 GHz
with the help of a signal generator. The chosen fundamental frequency is usually the upper limit of 2.5inch HDD operating bandwidth. The sensor biasing
voltage usually ranges from 100 mV to 150 mV. An
alternative current (AC) input power up to -5 dBm
can be endured by the sensor. The power excitation
can be directly applied using a needle of the Radio
Frequency (RF) probe. At signal generator, the input
power is depicted in Figure 5. Since there are losses of
transmission, the power level is nearly 20dB lesser at
the RF probe stage; whereas, at the directional coupler
of the coupled port, the power remains at -16 dBm.
In Figure 5, we measured second and third harmonics for different DC biases. The measurement of
MgO based MTJ shows the power inclination which
fluctuates with application of bias voltage. In case of
static non-linearity, the subsequent harmonic power
slope will be bias autonomous and assumes an increment by 2 dB/dB power input and 3dB/dB power
input for third harmonics. Therefore, it is suggested
that dynamic non-linear effects cause the voltage bias
dependent slopes of the higher-order harmonics. Furthermore, one-tone is limited in its ability to detect
Inter-modulation (IM) effects. Hence, the need for twotone measurements arises.

Discussion & Testing Mechanism
2.2

It has been demonstrated both theoretically and experimentally that I-V MTJ curves display non-linear
and asymmetric traits[4]. The MgO-based MTJ possesses two potential contributions of non-linearities,
i.e., the spin-dependent static and dynamic effects.
Moreover, the defective states also enhance the static
effects within the tunnel barrier, whilst the dynamic
ones are from dissimilar density of states at the Fermi
level for two spin directions.

Two-Tone Measurement

The characterization of dynamic non-linear effects,
also known as memory effects, can be achieved by
using the two-tone testing [9][10]. The availability of
these effects in a device can cause the immediate
output to rely on immediate input besides the past
estimations of both input and output signals. Figure 5
depicts the products of 2nd and 3rd harmonic order
Inter-Modulation (IM) and Cross-Modulation (CM)
which are produced by applying the two-tone test-
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(a)
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(b)

Fig. 2: (a) Magnetic read sensor, (b) the magnetized fluctuations shown in power spectrum

3

Fig. 3: Effect of voltage variation on TMR [4]

Figure 6 demonstrates the sensor circuit comprising of
the MTJ sensor, parallel resistor R2, shunt resistors
R1 and R2, and shield capacitance C. The magnetic
sensors currently hold resistance between 200 and 2000
ohm. This variance is resistance of MTJ can be mitigated using the parallel resistor. These resistors deem
to offer electrostatic discharge protection; whereas,
shield size is used to control the amount of capacitance
which can affect the nearby bits of the memory.
The Hammerstein-Wiener model takes into account the non-linear properties of MTJ and dynamic
effects [11][12]. This model represents a series arrangement of dynamic non-linear effects as input/output
static and dynamic blocks (see Figure 7(b)). Dynamic
effects unable to be depicted by the consistent state
transfer mechanism proposed by device physics incorporates the filtering impacts (low-pass filter arising
from sensor identical circuit) and the magnetization
dynamics (FFL/RFL’s magnetization procession).

4

Fig. 4: One-tone measurement system for non-linearity
measurement of MRS

ing on a non-linear device. Most interesting results
relate to third order’s lower and upper IM outcomes
(2ω1–ω2) and (2ω2–ω1), as they generate signal segments in proximity of the excitation frequencies. If
static non-linearity occurs, the amplitudes of these
results are symmetrical and independent of harmonic
spacing (∆f ).

The Device Model

Results

Firstly, we recognized the FFL focal frequency at 6.2
GHz utilizing the traditional thermal noise FMR or TFMR testing method [13]. Secondly, the results show
the upper and lower 3rd order inter-modulation (undetected by one-tone measurement) with the help of
spectrum analyzer. To calculate the results, harmonic
spacing was varied from 104 Hz to 109 Hz and these
results are shown in Figure 8. After the application of
two-tones, the higher order IM and CM are generated
which are significant because they are in the vicinity
of the excitation signal.
The two-tone testing was executed at the bias voltage
of +150 mV DC inclination and both signal generators
supplied the AC power of 0 dBm. The inverse time
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(a)
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(b)

Fig. 5: MRS DC-dependence slope; (a) 2nd Harmonics, (b) 3rd Har-monics

(a)

(b)

Fig. 6: (a)Two-Tone measurement system for Non-linearity measurement of MRS (b) Generated IM and CM
products by implementing two-tone system

(a)

(b)

Fig. 7: (a) Equivalent circuit of MRS, (b) non-linear model of MRS

constants of dynamic effects in the device are proposed
by the leading derivatives of its products at 90 kHz and
4.7 MHz.
At fixed harmonics spacing ∆f , the stated values can
be utilized for a complete frequency variation. Figure
8 shows a frequency variation executed at harmonics
spacing of 90kHz associating the analysis of dynamic
non-linear impact on MgO based MTJ concerning
lower frequency FMR modes attached to FFL/RFL’s
frequencie.

5

Conclusion

Initially, the observations on MgO-based MTJs biasdependent power slopes were made in Figure 5. It
appears that in the complete analysis of MTJ devices,
non-linear properties and dynamic effects should be
considered. Whilst the presence of dynamic effects is
only proposed by the independent biasing slopes of
the higher-order harmonics; whereas, two-tone testing
provides the results which links the analysis to lower
frequency modes (FFL and RFL). It can be concluded
that using the two-tone measurement technique, we
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(a)
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(b)

Fig. 8: (a) Two-tone measurements outcome, (b) difference of lower and upper IM3 against the complete
frequency sweep at fixed ∆f

can distinguish the unaccounted non-linear effects on
the MTJ device which was very hard to observe with
the conventional characterization techniques (one-tone
measurement system)
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Abstract
This paper proposes an adaptive learning control and monitoring of oxygen for patients with breathing complexities
and respiratory diseases. By recording the oxygen saturation levels in real-time, this system uses an adaptive learning
controller (ALC) to vary the oxygen delivered to the patient and maintains it in an optimum range. In the presented
approach, the PID controller gain is tuned with the learning technique to provide improved response time and a
proactive approach to oxygen control for the patient. A case study is performed by monitoring the time varying
health vitals across different age groups to gain a better understanding of the relationship between these parameters
for COVID-19 patients. This information is then used to improve the standard of care provided to patients and
reducing the time to recovery. Results show that ALC controls the oxygen saturation within the target range of
90% to 94% SpO2, 77% and 80.1% of the time in patients of age groups 40-50 years old and 50-60 years old,
respectively. It also had faster time to recovery to target SpO2 range when the concentration dropped rapidly or
when the patient becomes hypoxic as compared to the manual control of the oxygen saturation by the healthcare
staff.
Keywords—Oxygen saturation, adaptive learning controller, PID Controller, COVID-19

F

1

Introduction

T

he start of the year 2020 introduced the globe
to an unprecedented time of biological turmoil,
the likes of which has not been seen since the black
plague. SARS-COV-2 is a strain of virus that once
infects a patient and results in the disease known as
COVID-19 [1]. COVID-19 was declared as a pandemic
by the World Health Organization (WHO) on 11th
March 2020 [2]. As of November 2020, around 54
million people have been infected by this virus in the
world, out of which 1.3 million people have died [3].
Meanwhile, roughly 350,000 people have been infected
in Pakistan, amongst which about 7,000 have died [4].
The reason why COVID-19 is considered so threatening is because currently there are no available vaccines that can provide protection against the strain
of virus that causes this disease. It is also highly
infectious and affects the lungs, thereby causing acute
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.20
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

respiratory failure. Once a person is infected, they experience various symptoms amongst which the prominent ones are loss of taste, high sustained fever, and
difficulty to breath. However, out of these symptoms,
the shortness of breath is the most problematic as it
can lead to the patient experiencing acute hypoxemic
respiratory failure or chronic respiratory failure. Due
to the lack of antibody vaccines and such deadly
symptoms, National Institute of Health (NIH), World
Health Organization (WHO) and Centre for Disease
Control (CDC) have outlined supportive care guidelines where healthcare providers are required to observe the patient under isolation and provide necessary
care to relieve the symptoms as much as possible
through pain medication, rest and adequate food supplement.
By monitoring a patient’s health vitals such as oxygen saturation (SpO2), body temperature, pulse rate
and blood pressure, health care facilities may be able
to determine the progress of a patient’s recovery. Body
temperature is noted to observe the state of fever,
while pulse rate and blood pressure are monitored
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to ensure that the patient is not having trouble in
breathing. Lastly, SpO2 is necessary to monitor to ensure that the patient does not become hypoxemic and
that the lungs are functioning properly [17]. Oxygen
saturation (SpO2) represents the amount of oxygen in
blood. The body needs an explicit amount of oxygen
in blood to function properly. Oxygen consumption
within the body is equal to venous oxygen subtracted
from arterial oxygen and multiplied by blood flow. The
oxygen-haemoglobin dissociation is a function of the
partial pressure of oxygen (PO2). Haemoglobin will
be 100% saturated with oxygen if PO2 =100 mmHg.
Each gram of haemoglobin is capable of carrying 1.34
mL of oxygen. The solubility coefficient of oxygen in
plasma is 0.003. This coefficient represents the volume
of oxygen in mL that will dissolve in 100 mL of plasma
for each 1 mmHg increment in the PO2, i.e., oxygen
content = (0.003 × PO2) + (1.34 × haemoglobin ×
oxygen saturation) [10].
Currently, health care providers monitor SpO2 and
control the supply of oxygen to critical care patients
by manually adjusting the supply of oxygen from the
cylinder or source [18][19]. This is not only inefficient,
but is also risky, prone to error and in cases of a
high number of patients can lead to overloading of
the staff and healthcare system. Therefore, to reduce
the burden on the healthcare system and facilitate
quicker recovery, we propose a system which utilizes an
adaptive learning controller that monitors and change
the oxygen saturation for patients hospitalised with
COVID-19.
Automated systems have been previously shown to
have better outcomes on patients as compared to manually controlled systems. This was demonstrated by
Joosten et. al. [5] by proving that when a post-surgery
patient’s anaesthesia is automatically controlled, he
not only recovers quicker, but also has fewer postsurgery complications as compared to manual anaesthesia delivery control. In addition, the benefits of
the use of automated systems to continuously monitor
health vitals of recovering patients was discussed in
[6] in which the authors demonstrated that wearable
technology can improve the quality of supportive care
through continuous monitoring of vitals. These vitals
can then be reported to health professionals who will
have a more detailed history of their patient resulting
in a well-defined and succinct care plan. Furthermore,
Kaushal et. al. [5] highlighted the benefits of using automated technology for healthcare in their study. They
analysed the impact of information technology and
automation on the full spectrum of healthcare delivery
– from diagnosis to post-operative care and concluded
that IT integration into healthcare systems not only
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reduces complications, but also reduces the burden on
the healthcare staff. Similarly, James et. al. [9] showed
that through automation intervention, medical staff’s
workload can be drastically reduced, resulting in fewer
errors and improved work-life balance [8][9].
In this paper, we adopt the same approach as
the previously mentioned works and conduct a study
regarding the efficacy of automated oxygen monitoring
and saturation-control for COVID-19 patients. An
adaptive learning control system is utilized to monitor
and control the vital signs, i.e., SpO2, pulse rate and
temperature of COVID-19 patients requiring critical
care. In such scenarios where patients’ condition is
rapidly changing in response to the medical treatment
or ventilation supportive care, it is risky as well as time
consuming for hospital staff to continuously monitor
their progress. Moreover, a rapid increase in COVID19 cases is also leading to overloading the systems and
staff leading to a reduction in the quality of supportive
care. An adaptive control model could make the monitoring of vital signs more efficient and accurate for
staff, while also keeping in consideration the SOPs for
COVID-19. This approach could ultimately improve
the recovery time of patients, thereby reducing the
load on hospitals.

2

Methodology

The approach to the proposed methodology is twofold: i) to develop a robust control system, and (ii)
integrate it with health vitals. This requirs that the
adaptive learning controller not only has accurate and
reliable control, but it must also be able to intake continuous variable oxygen data and appropriately adjust
the output in real-time. Since the controller is responsible for adjusting a sensitive parameter that has a
direct impact on the patient’s health, it must have
the capability for minute adjustments while also being
able to learn the oxygen variation to minimize errors.
The following sections explain how the controller is
developed and combined to monitor and adjust oxygen
in real-time.
2.1 Adaptive Learning Controller
To achieve the precise results, input must control
the optimized values of PID controller’s gain. Noise
disturbances influence that are not modelled make it
complex to maintain the PID control gains at optimal
values throughout. It may turn into a serious issue to
sustain the quality of controller. To solve this issue,
an adaptive learning PID controller is proposed that
enhances the controller performance and improve accuracy by its memory feature.
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response of the controlled system.
Based on the RLS algorithms, we tune the parameter
θ which is the PID gain value, so that the performance
index J is minimized as given in Equation 5.
J=

N
X

(yd (i) − y(k−1) (i))2

(5)

k=0

Where N is the number of time-response samples.
RLS is an algorithm which recursively finds the optimal estimate k of the controller parameter by using
k − 1.
Fig. 1: Adaptive learning controller.

2.2 Oxygen Control and Deliverance
Oxygen saturation (SpO2) is monitored via an oximei+1
X
ter designed to take reading with a sampling rate
µk+1 (i) = µk (i) + KP ek (i + 1) + Kt
ek (n)
of 500 Hz (reading taken every 2 ms). The oximeter
n=1
+ KD [ek (i + 1) − ek (i)], i ∈ [0, N − 1] (1) utilizes an IR LED and a photodiode that calculates
the difference between the actual concentration and
where,
the desired oxygen saturation levels. These decisions
are based on the information shown in Table 1. Below
ek (i) = yd (i) − yk (i), t ∈ [0, N − 1]
(2)
an SpO2 of 85%, the patient is hypoxic and requires
Applying Equation 1 in the initial trial shows that the immediate attention from the healthcare staff. For this
control input is similar as in the PID controller. In reason, the controller is tasked to sound an alarm, call
the second trial of actual system, responses are not emergency, and maximize the oxygen output to the
according to the system output values, hence error is patient to ensure that the lungs are getting enough
integrated with the second input of the system. This is oxygen. Between 85% and 90% oxygen saturation
levels, the patient is considered to be on the cusp of
the change analysed between output values.
The proposed adaptive learning controller generates critical attention which is why an attendant is required
control input in this manner just after the second trial. to be on-site while the controller maintains maximum
Therefore, the suggested learning control system can oxygen output. Once the SpO2 levels have reached
90% to 94%, the oxygen is said to have been in a
be expressed by,
safe range where conservative oxygenation shall be em(i+1)
ployed. In this case, oxygen delivery shall be gradually
X
µk (i) = µ( k−1)(i)+KP e(k−1) (i+1)+KI
e( k−1)(n)reduced such that the SpO2 level is maintained at 94%
(n=1)
or greater than 94% which is the target [11].
+ KD [e(k−1) (i + 1) − e( k − 1)(i)], i ∈ [0, N − 1] (3)
2.3 Process Flow Diagram
e(k−1) (i) = yd (i) − y(k−1) (i)
(4)
Figure 2 represents the overall integration of the adapThis can be clearly seen in Figure 1. Having learning tive learning controller with the oxygen deliverance
operation based on the previous states, it is expected and monitoring system. Upon receiving a reading from
to achieve the enhanced control results due to the the input sensor (oximeter) from the patient, the
learning based control technique.
controller calculates an error value E. This error is
determined by comparing the patient’s SpO2 levels
2.1.1 ALC Using Recursive Least Square (RLS) Algo- with the standard required (minimum of 94% oxygen
rithm
saturation) in a normal patient. Then, on the basis
The adaptation mechanism is as follows. After the de- of this error value, the adaptive learning controller
tection of some error between standard and measured provides the oxygen delivery by adjusting its controller
SpO2, the controller response decays the transient gains. This leads to a change in the SpO2 levels of the
period. PID controller parameter vector to be tuned patient which are then used to calculate the error again
in the controller is [θ = Kp+ Ki+ Kd ] given in Equation and adjust the oxygen delivery until this iterative
1. In Equation 4, yk is the closed-loop response under process results in an error of E = 0. This signifies that
the controller parameters, and yd is the actual time the patient’s oxygen saturation is above 94% and they
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Oxygen Saturated Levels (Healthline, 2019)
SpO2<85%
85% <SpO2 ≤ 90%
Call emergency,
Max. Parameters
sound alarm and
Adjustment, attendant
Maximize oxygen output. presence required.
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90% <SpO2 <94%

SpO2=target

Min.parameters
Adjustment

Maintain
parameters

TABLE 1: Controller parameter [θ = Kp+ Ki+ Kd ] Adjustment of oxygen regulator to attain the saturated levels

Fig. 2: Flow diagram of system

Fig. 3: Block diagram

are stable at which point the controller maintains its
settings to provide a constant supply oxygen. Adaptive Learning Controller (ALC) is using the Recursive
Least Square (RLS) algorithm. RLS algorithm is used
to update the PID gains in real time (as system
operates) to force the actual system to behave like a
desired reference model. It shows that the adaptive
learning controller adjusts the PID parameters, i.e.,
gains of PID controller Kp , Ki and Kd of oxygen
regulator to attain the saturated Levels. The error
generated is proportionally related to the variation of
SpO2 from the target value. In case, SpO2 ¡ 85% or
85% ¡ SpO2 ≤ 90%, the amount of error generated is
large which causes Kp to increase, thereby increasing
the regulating speed of the motor to provide a faster
response. Additionally, Kd increases to its maximum
value to reduce overshoot and maintain the speed of
regulating motor. Lastly, Ki increases to reduce steady
state error and control the overshoot to maintain the
stability of valve control and corresponding oxygen
levels.
For oxygen saturation level 90% ¡ SpO2 ¡ 94% minimum gain adjustments will be required and similarly
when error is zero and SpO2 = target level, then gains
of PID controller will be sustained on their existing
values.

fractional inspired oxygen to a patient. The system
hardware consists of a microcontroller (Arduino Uno),
pulse oximetry sensor (pulse oximeter max 30100), a
LCD, a servo motor, a keyboard and other components
(sound indication and LED indication). The hardware
setup of oxygen control is illustrated in Figure 3.
The pulse oximetry sensor measures the oxygen saturation of a patient’s blood. This device consists of
a red and an infrared light source, photo detectors,
and a probe to transmit light through a translucent,
pulsating arterial bed, typically a fingertip or earlobe
that uses 5V/3.3V serial communication. The dissolved oxygen measurement is triggered by receiving
a measurement via the RX port of the Arduino while
the motor control is provided by the T X port. The
sensor echoes the command and appends the measured
oxygen concentration. If the measured oxygen concentration is below a certain threshold, i.e., SpO2 ¡ 94%,
a valve is opened which will supply additional oxygen
to the patient through a connected oxygen supply.

3

Experimental Setup

The designed circuit provides a new and improved
respiration system which automatically regulates the

4

Results & Analysis

In the presented approach, a comparison between automatic and manual control is used to demonstrate
the efficacy of adaptive learning controller for oxygen
concentration in COVID-19 patients. It is observed
that the automatic mode via ALC control is the better
option as it allows the patients, for all age groups,
to recover in less amount of time. The automatic
mode also takes a conservative oxygenation approach
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(b)

Fig. 4: Circuit board and measured signal
Patient age group
SpO2 <85%
85% <SpO2 ≤ 90%
90% <SpO2 ≤ 94%
SpO2 = target

40-50
2.6
6.9
77.00
13.5

50-60
43.00
9.00
80.1
6.6

TABLE 2: Real-time readings of COVID-19 patients
in automatic mode
Patient age group
SpO2 <85%
85% <SpO2 ≤ 90%
90% <SpO2 ≤ 94%
SpO2 = target

40-50
7.00
21.25
49.5
22.25

50-60
12.90
25.00
59.6
2.5

TABLE 3: Real-time readings of COVID-19 patients
in manual mode
where only enough oxygen is provided to bring the
patient back to 92% - 96% SpO2. This approach has
been proven to be a better option towards the needs
of patients suffering from acute respiratory failure,
as it does not overload lungs or blood saturation of
the patients. In contrast, a liberal approach that is
often taken by manual adjustment of oxygenation,
where a high pressure of oxygen is provided when it
is unnecessary, can result in detrimental effects on the
health of the patient and in some cases even lead to an
increased mortality rate [16].
This study comprises of observing and surveying different age groups of 10 high-risk patients, particularly between ages of 40-60, suffering from COVID-19 in 2020.
As a result, the percentage of time spent within the
target SpO2 range is observed for the aforementioned
age groups.
Table 2-3 provides a detailed comparison of the percentage of time spent by patients in various oxygen saturation ranges when their oxygenation was controlled
manually or via ALC method.
It can be observed that for patients aged 40-50, the
automatic mode opted for a more liberal oxygenation

approach to bring the patient’s SpO2 levels within
target. Figure 5 shows that the automated oxygenation
methodology is a better approach than manual control
for a specifically prescribed interval. In this study, the
target range for oxygen saturation is defined as 90%
to 94% SpO2. The graphs show that for both age
groups of 40-50 and 50-60, ALC controller performs
significantly better by maintaining the saturation level
within the target range 77% and 80.1% of the time.
Meanwhile, the manual methodology is only able to
keep the patients within target saturation 49.5% and
59.6% of the time for ago groups 40-50 and 50-60
respectively. Additionally, it can also be seen that for
patients within 40-50 age group, the manual control by
staff takes a more liberal oxygenation approach despite
its potential drawbacks. There can be several reasons
of this behavior ranging from the severity of the oxygen
required by the patient to the fact that the staff is busy
and overloaded which is why they prefer to set high
pressures to ensure that the patient does not become
hypoxic in their absence. On the other hand, automatic controller spends more fraction of time above
target range for 50-60 age group, thereby indicating a
more liberal approach as compared to manual control.
Older patients often struggle with breathing and other
respiratory limitations that can be further exacerbated
through COVID-19. In this case, the learning behavior
of the ALC controller is emphasized, as it uses a
proactive approach to maintain high oxygenation to
prevent patients from becoming hypoxic. It is also
important to note that the fraction of time spent by
patients at the saturation level of hypoxia (SpO2 ¡
85%) or approaching hypoxia (85% ¡ SpO2 ≤ 90%) is
significantly lower for automatic control as compared
to manual control by staff. Figure 5 also indicates
that the patient remains within the target range of
oxygen saturation for a longer duration when the
oxygen is controlled using the adaptive controller as
compared to manual control. This is beneficial for the
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patient because now they receive the optimal level of
oxygen for a longer duration, resulting in less pressure
on their lungs and reducing the load. Figure 6 is a
time response graph which shows that the automatic
controller brings the patient back to the target oxygen
saturation in a shorter amount of time as compared to
the manual control. This shows that if the oxygen level
varies, it quickly returns to the required level, resulting
in less effect on the lungs. Less load on the lungs
and quicker response time can lead to faster patient
recovery. δT= T(O2) – T(O1), where T(O2) is the time
at which the oxygen returns to the target range, and
T(O1) is the time at which oxygen levels drops/rises
from the target range. The automatic control should
have lower δT , while the manual control should have
higher value of δT , indicating that the automatic control continuously adjusts the oxygen levels resulting in
faster response. The step response of adaptive learning
controller tuning (Figure 7) shows that the system
will reach the stability quicker than the one under
the conventional PID controller and when the peak
overshoot is decreased, where the system takes smaller
time to reach the steady state and that the system gets
good response, as shown in Figure 7. The comparison
of different techniques, with respect to the accuracy
and complexity of the techniques applied, are shown
in Table 4.

counter any variations that it has experienced in the
past through its predictive algorithm. In addition, the
controller also achieves a steady state without a high
over-shoot which is beneficial for the patient as in the
case of rapid health deterioration. It is imperative that
the controller be able to meet the accurate demand
of the patient as quickly as possible. Finally, the PID
approach is not only accurate, but it is also easy
to implement as compared to other approaches, thus
making it cost-effective and easy to implement in case
of emergencies as in the case of the current pandemic.
The results demonstrated that the automatic control
approach has two major advantages for faster patient
recovery. The first advantage is that it is able to prevent patients becoming hypoxic by quickly adjusting
oxygenation and predicting their oxygen saturation
variation based on their SpO2 variation history. Secondly, the automatic controller is able to maintain the
patients in the target range for a greater amount of
time, thus ensuring that their oxygen concentration
levels remain consistent for greater duration of time.
These two combined benefits can be attributed to
faster recovery of patients as they help to alleviate
stress on patient’s lungs.
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The proposed system is designed to provide a proactive supportive care to COVID-19 patients instead of
reactive care. The key difference between the two types
of care is the fact that the former is predictive of the
variation in oxygen saturation level of the patient and
therefore can make decisions before or instantaneously
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Abstract
Silica fume is an industrial by-product that can be used as a partial replacement of cement to enhance the strength
related properties of roller compacting concrete. In past, industrial wastes were used to dump on earth, river, and
sea that creates a hazardous environment for aquatic life as well as for humans. Nowadays, the use of industrial
by-products as cement replacement is popular in the construction industry because it protects the environment from
hazards. In this research, the effect of silica fume as partial replacement of sulphate resisting cement is investigated
on the compressive strength of roller compacting concrete. Total four types of mix proportions were casted using
concert mix ratio as 1:2:4 to investigate the compressive strength of roller compacting concrete at 7 and 28 days
of curing age. The sulphate resisting cement was partially replaced with silica fume by 0%, 5%, 10%, and 15% by
weight of cement. The zero slump was maintained in all mixes. It was observed that the mix proportions containing
5% and 15% silica fume replacement showed maximum and minimum compressive strength of roller compacting
concrete respectively.

Keywords—Roller compacting concrete, zero slump, compressive strength, silica fume, supplementary cementations material
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1

Introduction

C

onstruction industry plays a vital role in the
development of any country and region. Concrete
is considered as the second most consuming material
in the globe after water [1]. It is a man-made material
that comprises of fine aggregate, coarse aggregate,
cement, and water. Sometimes, it also contains admixtures based upon desired properties in concrete. At
present, Pakistan produces 49.4 million tons of cement
annually [2]. Cement is the main binding constitute in
concrete. Worldwide, the annual production of cement
in 2016 was 4.65 billion tons per year [3]. It is a
well-known fact that around 7000 MJ electrical power
energy is required to produce one tone of cement and
it releases the same amount of CO2 in the environment
[4]. The production of a huge amount of CO2 and
other greenhouse gases gives rise to a great environmental concern. To compensate this problem, many
researchers are engaged to find the alternate of cement
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which should be environment-friendly and has similar
properties like cement.
The worldwide production of silica fume is estimated to be 1.5 million tons [5]. There is a big problem
to dump massive waste amount which can create a
danger to the environment and loss of land. The focus
of this research is to partially replace ordinary Portland cement with silica fume to study the strengthrelated properties of roller-compacted concrete (RCC).
RCC is the same as conventional concrete, but in
this type of concrete, the compaction is done by
a vibrating roller. The RCC is a dried mix having
nearly zero slump mixture. To make it workable,
water reducer and retarder chemical admixtures are
used. This research attempts to produce RCC which
will have properties such as low heat of hydration,
economical, least thermal cracking, less permeability,
high strength, durability, speedy construction, good
performance, and lower maintenance cost. The RCC is
used in dam construction and its rehabilitation, parking lots, ports, storage yards, shoulders, local streets,
and high-speed pavements.
Ahmed et. al. [6] studied the mechanical properties

QUEST RESEARCH JOURNAL, VOL. 18, NO. 2, PP. 145–149, JUL–DEC, 2020

of fly ash (FA) and silica fume replaced by cement
in concrete. They replaced OPC cement with SF at
2.5%, 5%, 7.5%, 10%, 15%, 20%. FA was replaced at
5%, 10%, 15%, 20%, 25% and 30%. They concluded
that at 10% of FA and 7.5% SF, the replacement
showed the highest compressive strength (65 N/mm2),
split tensile strength (5.2N/mm2), and flexural tensile
strength (10.2N/mm2), and minimum permeability.
Ramyar et. al. [7] conducted experimental studies on
compressive strength, dry density, thermal conductivity and water absorption of concrete in which cement
is replaced with FA and SF at 0%, 10%, and 20% by
weight of Portland cement with three foam content
with 0%, 31% and 47% volume. They concluded that
the mix with 1320 kg/m3 dry density is the balanced
benefit in terms of compressive strength and water
absorption. A mix that has a high volume of foam
content and SF showed the maximum compressive
strength and showed the highest compressive strength
over thermal conductivity ratio than the addition of
FA.
Pattusamy et. al. [8] investigated the mechanical properties of concrete in which Portland cement was partially replaced with SF. They concluded that split
tensile strength and compressive strength increases
with the increase in SF content. Compressive and split
tensile strength was maximum at 10% SF replacement,
after which a decrease in strength occurred. Compressive strength and split tensile strength with 5% SF
replacement at 7 curing days are 19.34 N/mm2 , 2.84
N/mm2 . At 28 curing days both the factors are found
to be 31.44 N/mm2 , 4.75 N/mm2 . With 10% SF at
7 curing days are 21N/mm2, 3.95N/mm2 and at 28
curing days are 34.93N/mm2, 4.92N/mm2. With 15%
SF at 7 curing days, these factors are 18.3 N/mm2 and
3.45 N/mm2 . At 28 curing days, the values are 30.20
N/mm2 and 4.65 N/mm2 .

2

Materials & Methodology

The sulphate resisting cement (SRC) was used for
all concrete mixes. The reason to use SRC in roller
compacting concrete is that it is used in the construction of highways and dam construction, where
the possibility of sulphate attack is maximum. In
this research work, SRC was obtained from the DG
cement factory conforming to the ASTM standards.
Silica fume is the by-product of silicon and ferrosilicon. The particle size of silica fume is approximately
less than 1µm. Silica fume was obtained from AlFalah Chemicals, Karachi, conforming to the ASTM
standard [11]. The chemical composition of sulphate
resisting cement and silica fume are shown in Table 1
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Chemical Composition
SiO2
Al2O3
Fe2O3
CaO
MgO
Na2O
SO3
K2O

SRC (%)
22.25
4.21
4.88
64.27
0.92
0.21
2.38
0.56

TABLE 1: Chemical composition of SRC
Chemical Composition
SiO2
Al2O3
Fe2O3
CaO
MgO
LOI
SiO2+Al2O3+Fe2O3

Silica Fume (%)
88.17
1.3
4.74
0.50
2.14
2.3
96.85

TABLE 2: Chemical composition of silica fume

and Table 2, respectively. The sand was collected from
Bholary Quarry, Jamshoro, Sindh, having a specific
gravity of 2.63. Coarse aggregate was collected from
Nooriabad, Sindh, having a specific gravity of 2.612.
The maximum size of course aggregate used in this
research was 20 mm.
Before mixing, the aggregates were washed and dried
properly. The properties of fine and coarse aggregates
are mentioned in Table 3. Silica fume was replaced in a
proportion of 0%, 5%, 10%, and 15% by weight of the
cement. A nominal mix proportion of 1:2:4 was used.
The compaction of RCC was done by vibrating table
and 9 kg surcharge on mold without any segregation
occurrence. Over-compaction is avoided so that the
segregation of concrete is prevented. During the whole
lab work, the room temperature was in the range from
25 to 30 degrees Celsius. Roller compacting concrete is
prepared according to the standards specified in [12].
The RCC mix proportions are shown in Table 4.

3

Results & Discussion

Following sections describe the results of this study.

Material

Property

Fine
aggregate
Course
aggregate

Specific gravity: 2.63
Water Absorption: 1.32
Specific gravity: 2.612
Water Absorption: 0.69

Relevant
standard
ASTM C128 [9]
ASTM C128
ASTM C127 [10]
ASTM C127

TABLE 3: Properties of coarse and fine aggregate
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Mix
Proportion
CM
SF5%
SF10%
SF15%

Binder content
in %
SF
OPC
0
100
5
95
10
90
15
85

F. & C.
Aggregate
% 100
100
100
100

W/B
Ratio
0.50
0.49
0.48
0.47
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Amount of quantities in Kg
SF

OPC

F.Aggregate

C.Aggregate

Water

0
16
32
48

317
301
285
269

634
634
634
634

1268
1268
1268
1268

158.5
155.33
152.16
149

TABLE 4: Mix proportion required for 1m3 of concrete

Fig. 4: Zero slump concrete

Fig. 1: Vibrating table
3.1

Fig. 2: Silica fume

Fig. 3: 9 kg surcharge

Compressive Strength

Compressive strength is one of the most important
and very useful properties of materials and it was
determined on cylindrical specimens. The size of the
cylinder was kept as 100 × 200mm according to ASTM
standards. Compaction was done in three layers. Each
layer was filled with concrete up to the one-third height
of mold and compacted by a vibrating table have
a surcharge of 9 kg on mold. The RCC specimens
were removed from molds after 24 hours and cured
in potable water for 7 and 28 days. The compressive
strength of RCC was determined at 7 and 28 days.
Each mix had 6 specimens with 3 specimens for each
curing age. Average strengths of 3 specimens are given
in Table 5. Figure 5-6 show the behavior of RCC containing proportions of silica fume at different curing
ages. At 7 days of curing, the compressive strength of
RCC is increased at 30.36 MPa by substituting 5%
of silica fume. The compressive strength of controlled
concrete at 7 days was recorded as 15.61 MPa, which
is approximately half of the strength achieved by
utilizing 5% silica fume. The 10% substitution of silica
fume showed the compressive strength of 28.29 MPa,
which is slightly less than that of 5% replacement.
The utilization of 15% silica fume in RCC showed an
increase in compressive strength, but it was smaller
compared to 5% and 10% replacement levels. At 28
days curing period, the compressive strength of 5%
SF replacement was recorded to be 32.12 MPa which
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No.

Mix

1
2
3
4

0% SF
5%SF
10%SF
15%SF
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Average Compressive
Strength (MPa)
7 days
28 days
15.613
29.461
30.361
32.121
28.29
31.551
26.715
30.173

TABLE 5: Average compressive strength of cylinders

Fig. 7: Concrete cylinders

Fig. 5: Compressive strength of cylinders for 7 days
is again higher than the controlled concrete. At 10%
and 15% replacement, the roller compacting concrete
showed higher strength at 28 days.
A
Strength activity index =
× 100
(1)
B
where A is the strength of concrete with blended
cement, and B is the strength of concrete with OPC.
The behavior of compressive strength is shown in
Figure 9. The addition of 5% silica fume replacement
with cement showed a higher compressive strength
compared to the controlled mix. With the increment
in the proportions of silica fume, the compressive
strength continuously decreased. Figure 9 shows that
the variation of percentage of silica fume increases the
compressive strength first, and then decreases after 5%

Fig. 6: Compressive strength of cylinders for 7 days

Fig. 8: Compressive strength test

of silica fume. Strength activity graph shows that the
variation of percentage of silica fume increases compressive strength up to 5% of silica fume replacement,
and a further increase in silica fume percentage decreases the compressive strengths of roller compacting
concrete. It can be seen that the partial replacement of
cement with silica fume has a positive impact on the
compressive strength of roller compacting concrete. At
5% substitution of silica fume, the strength activity

Fig. 9: Strength activity index of silica fume with
control mix of Roller compacting concrete
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index was calculated as 116.97% which is 16% higher
than the controlled mix.
3.2

Conclusion

The following conclusions are drawn based on our
experimental study.
• Due to the pozzolanic property of silica fume,
the compressive strength of roller compacting
concrete significantly increased.
• The higher compressive strength of roller compacting concrete was noted to be 32.121 MPa by
utilizing 5% silica fume with sulphate resisting
cement. Further increase in the replacement proportion resulted in a decrease in the compressive
strength of roller compacting concrete.
• After 5% replacement, the further increment of replacement proportion decreased the compressive
strength. The lowest compressive strength of RCC
was recorded to be 30.17 MPa by substituting
15% replacement of silica fume with sulphate
resisting cement.
Based on the outcome of the research presented in this
paper, following suggestions for the future work are
given.
• Other dosage of silica fume may be used.
• Tensile strength of roller compacting concrete
may be checked.
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Abstract
Solving the root of algebraic and transcendental nonlinear equation f 0 (x) = 0 is a classical problem which has many
interesting applications in computational mathematics and various branches of science and engineering. This paper
examines the quadratic convergence iterative algorithms for solving a single root nonlinear equation which depends
on the Taylor’s series and backward difference method. It is shown that the proposed iterative algorithms converge
quadratically. In order to justify the results and graphs of quadratic convergence iterative algorithms, C++/MATLAB
and EXCELL are used. The efficiency of the proposed iterative algorithms in comparison with Newton Raphson
method and Steffensen method is illustrated via examples. Newton Raphson method fails if f 0 (x) = 0, whereas
Steffensen method fails if the initial guess is not close enough to the actual solution. Furthermore, there are several
other numerical methods which contain drawbacks and possess large number of evolution; however, the developed
iterated algorithms are good in these conditions. It is found out that the quadratic convergence iterative algorithms
are good achievement in the field of research for computing a single root of nonlinear equations.

Keywords—Nonlinear equations, Taylor series, Backward difference, Second order Convergence, Newton method, Steffensen
method.
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1

Introduction

T

he estimation of a single root of nonlinear equations leads to wide range of applications in the
field of numerical analysis, which emerges in applied
sciences and engineering, for instance: distance, rate,
time problems, population change and trajectory of
a ball [1][2][3]. We consider the following nonlinear
equation.
f (x) = 0

(1.1)

To estimate the roots of Equation 1.1, several approaches have been established, see for instance [4][5].
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Among them, the Taylor series is an important and
basic concept:
f (x) = f (xo ) + hf 0 (xo ) +

h 2 00
f (xo ) + . . .
2

(1.2)

By using Taylor series, one of the most important technique Newton Raphson’s method has been developed
[6][7][8] which is given as follows.
xn+1 = xn −

f (xn )
f 0 (xn )

(1.3)

By using Newton forward difference, we get Steffensen
method [9]:
xn+1 = xn −

f 2 (xn )
f (xn + f (xn )) + f (xn )

(1.4)
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Moreover, to improve the efficiency and order of convergence, several approaches have been developed, see
for instance [10] [11], given as follows.
xn+1 = yn −

3f 0

2f (yn )
(yn ) − f 0 (xn )

(1.5)

By using backward difference operator, we obtain
f 0 (xn ) − f 0 (xn+1 )
(2.4)
h
By substituting Equation 2.3 into equation (2.4), we
get
f 00 (xn ) =

where, yn = xn – ffxn and
n

0

xn+1 = yn −

f (yn ) ±

q

2

f 0 (yn ) − 2f 00 (yn ) f (yn )
f 00 (yn )

where, yn = xn – ff0xxnn
In addition, this study suggests Algorithm 3.1
and Algorithm 3.2 of Taylor series and backward
difference method for computing a root of nonlinear
equations. The proposed algorithms have second order
of convergence. Some illustrations are given to express
the applicability of the proposed iterative algorithms.
Quadratic convergence iterative algorithms are compared with Newton Raphson method and Steffensen
method. In literature, it is observed that there are various numerical techniques which have crucial weakness,
for example, if the initial guess is chosen far from the
actual solution. Additionally, such techniques also take
large number of evolutions.
This study aims to work on these types of conditions and ascertain that the proposed iterated algorithms are decent attainment in these conditions
in comparison with Newton Raphson method and
Steffensen method for estimating a root of nonlinear
equations.

f (x) = 0

(2.1)

Assuming that x is zero if f (x) = 0. (a, b) is an
interval from which the condition of f (a) f (b) < 0
is selected. The initial guess can be chosen if |f (a)| <
|f (b)|. According to this condition, the initial guess
would be better if x0 = b and xo is an initial guess
sufficiently nearest to the actual solution . Using the
Taylor’s series about the point xo for Equation 2.1, we
have:
2

f (xr ) = f (xo ) + hf 0 (xo ) +

h 00
f (xo ) + . . .
2

(2.2)

To generalize Equation 2.2 with f (xr ) = 0 and taking
only three terms, we obtain:
h2
f (xn ) + hf (xn ) + f 00 (xn ) = 0
2

(2.3)

f 0 (xn )−f 0 (xn+1 )
h



=0

h
(2f 0 (xn ) + f 0 (xn ) − f 0 (xn+1 )) = 0 (2.5)
2
where h = x − xn , then Equation 2.5 becomes
f (xn ) +

2f (xn ) + (x − xn ) (3f 0 (xn ) − f 0 (xn+1 )) = 0
This implies that
x = xn −

3f 0

2f (xn )
(xn ) − f 0 (xn+1 )

(2.6)

This equality proposes the iterative methods mentioned below in order to solve the nonlinear equations
under certain conditions.

3

New Iterative Methods

Suppose f : X → R is a scalar function of Taylor
series expansion, we get Equation 2.6.
x = xn −
3.1

2f (xn )
3f 0 (xn )−f 0 (xn+1 )

Algorthim 3.1

For certain x0 , the following iterative method is considered to compute the approximate solution xn+1 ,
x = xn −

We consider the following nonlinear equation.



or

Iterated Method

0

h2
2

f (xn ) + hf 0 (xn ) +

(1.6)

2
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2f (xn )
3f 0 (xn )−f 0 (xn+1 )

where, xn+1 = xn+h and h
xn+1 = xn + f (xn )
Finally, we get
xn+1 = xn −
3.2

3f 0

=

f (xn ), hence

2f (xn )
(xn ) − f 0 (xn + f (xn ))

(3.1)

Algorithm 3.2

For a given x0 , the iterative schemes given below are
used to approximate the solution xn+1 :
x = xn −

2f (xn )
3f 0 (xn )−f 0 (xn+1 )

n
By Bisection method we have xn+1 = xn +y
where
2
f (xn )
f (xn )
yn = xn − f 0 (xn ) , thus, we have xn+1 = xn − 2f 0 (xn ) By
using above condition in Equation 2.6, we get

xn+1 = xn −

2f (xn )
3f 0



(xn ) − f 0 xn −

f (xn )
2f 0 (xn )



(3.2)
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Equation 3.2 is Algorithm 3.2 which needs three functional evaluations to solve the nonlinear equations.
Hence, Algorithm 3.1 and Algorithm 3.2 are proposed
iterated methods for computing a root of nonlinear
equations.
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en+1 = en − en (1 + cen ) (1 + 0.5f 0 (a) − 2cen +
3cen f 0 (a) + cen f 0 2 (a))
en+1 = en − en (1 + 0.5f 0 (a) − 2cen + 3cen f 0 (a) +
cen f 0 2 (a) + cen + 0.5cen f 0 (a))
en+1 = en −en −0.5en f 0 (a)−en 2 (c−3.5cf 0 (a)−cf 0 2 (a)

4

Rate of Convergence

In this section, the order of convergence for Algorithm
3.1 and Algorithm 3.2 will be proved as quadratic with
the help of theorems.
4.1 Theorem 4.1
Assume x is a root of f (x) = 0. If f (x) is neighborhood
of x, then the convergence of Algorithm 3.1 is of order
two.

2

en+1 = −0.5en f 0 (a) − en 2 (c − 3.5cf 0 (a) − cf 0 (a)
(4.5)
By putting equation (2.1) in equation (4.5) then plugging the resulting equation in equation (4.5) we obtain;
en+1 = 0.5 en 2 f 0 ‘ (a) − en 2 (c − 3.5cf 0 (a) − cf 0 2 (a)
h

i

2

en+1 = en 2 0.5f 0 ‘ (a)−c+3.5cf 0 (a)+cf 0 (a) +o(en 3 )
(4.6)

4.1.1 Proof of the concept
To examine the convergence of Algorithm 3.1, we
suppose x is a root of f (x) = 0 and en be the error
at the nth iteration, then en = xn − a. By expanding f (xn ) , f 0 (xn ) and f 0 (xn + f (xn )) from Taylor’s
Series about ‘a‘, we obtain


f (xn ) = f 0(a) en + ce2 n



(4.1)

f 0 (xn ) = f 0 (a) (1 + 2cen + 3ce2 n )
f (xn + f (xn )) = f

0(a)

Equation 4.6 shows that the Algorithm 3.1 converges
quadratically.
4.2 Theorem 4.2.
Assume x is a root of f (x) = 0. If f (x) is neighborhood
of x, then the convergence of Algorithm 3.1 is of order
two.

(4.2)

h

2

i

(en + f (xn )) + (en + f (xn )) c

(4.3)
By putting Equation 4.1 and Equation 4.2 into Equation 4.3, we get
0

f (xn + f (xn )) =
fˆ0 (a) (1 + f 0 (a) (1 + 2cen )) [1 + 2cen (1 + f 0 (a))]

4.2.1 Proof of the Concept
To investigate the convergence of Algorithm 3.1, suppose x is a root of f (x) = 0, and en be the error at
nth iteration, then en = xn − a, then
by expanding


n)
0
0
and
f (xn ), f (xn ), f (xn + f (xn )), f xn − 2ff (x
0 (x )
n


f 0 xn −
we have

h

f 0 (xn + f (xn )) = f 0 (a) 1 + f 0 (a) + 2cen 6cen f 0 (a)
2

i

+ 2cen f 0 (a)

f (xn )
2f 0 (xn )



f (xn ) = f 0 (a) (en + ce2 n )

(4.7)

f 0 (xn ) = f 0 (a) (1 + 2cen + 3ce2 n )

(4.8)

From equation (4.7) and equation (4.8), we have
f (xn )
= en − ce2 n
f 0 (xn )

(4.4)
By using Equation 4.1, Equation 4.2 and Equation 4.4
in Algorithm 3.1, we get
en+1 =
en − (2en f 0 (a) (+cen ))/f 0 (a) [3 + 6c2 en − 1 − f 0 (a)
−2cen − 6cen f 0 (a) − 2cen f 02 (a)]
en+1 = en −

2en f 0 (a)(1+cen )
0
0
f (a)[2−f (a)+4cen −6cen f 0 (a)−2cen f 0 2 (a)]

en+1 = en −

en (1+cen )

[1−0.5f 0 (a)+2cen −3cen f 0 (a)−cen f 0 2 (a)]

en+1 = en − en (1 +
i−1
cen ) 1 − 0.5f (a) + 2cen − 3cen f 0 (a) − cen f 0 2 (a)
h

0

from Taylor’s Series about a point a,

(4.9)

From equation (4.9), we get
xn −

f (xn )
= ce2 n
f 0 (xn )

Now, by expanding f (xn −


f (xn )
2f 0 (xn )

f (xn )
)
f 0(xn )



f 0 xn −

(4.10)
f (xn )
f 0(xn )



and



f 0 xn −
and again using Taylor’s series about
a with the help of Equation 4.10, we have
f (xn −
f 0 (xn −

f (xn )
f 0 (xn ) )

= f 0 (a) [ce2 n + 2ce3 n ]

f (xn )
) = f 0 (a) [1 + 4ce3 n ]
f 0 (xn )

(4.11)
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f 0 xn −

f (xn )
2f 0 (xn )



3
= f 0 (a) 1 + cen + ce2 n
4




(4.12)

Putting Equation 4.7, Equation 4.8 and Equation 4.12
in Algorithm 3.2, we have
en+1 = en −

2f 0 (a)(en +ce2 n )
f 0 (a)[3+6cen −1−cen − 43 ce2 n ]

en+1 = en −

en+1 = en − en (1 + cen ) 1 + 2cen − 23 ce2 n

References
−1

en+1 = en − en (1 + cen )[1 − 2cen ]
en+1 = en − en (1 + cen − 2cen )
en+1 = en − en (1 − cen )
en+1 = cen 2 + o(en 3 )

(4.13)

Equation 4.13 shows that the Algorithm 3.2 is
quadratically convergent. Hence, it is proved that the
convergence order for Algorithm 3.1 and Algorithm 3.2
is 2.

Numerical Results

This section discusses the following nonlinear equations to demonstrate the efficiency of proposed Algorithm 3.1 and Algorithm 3.2 by equating with the
Newton Raphson method
xn+1 = xn −

f (xn )
f ‘(xn )

and Steffensen method
xn+1 = xn −

f 2 (xn )
f (xn +f (xn ))+f (xn )

Following tables and graphs depict the efficiency of
proposed Algorithms.
The results are obtained with the help of
C++/MATLAB and EXCEL. All tables and Figure
1-4 exhibit the numerical comparisons of the proposed
Algorithm 3.1 and 3.2 with Newton Raphson method
and Steffensen method.

6

Newton Raphson method and Steffensen method. The
well-known software C++/MATLAB and EXCEL are
used to compute the numerical results. The numerical
outcomes have shown that the proposed algorithms
perform well and are easily applicable to the nonlinear
equations than the existing numerical techniques..

en (1+cen )

[1+2cen − 32 ce2 n ]


5
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Conclusion

Root calculating problem of algebraic and transcendental nonlinear equations occurs frequently in applied
mathematics and scientific computing. In this study,
the new methods are established for solving algebraic
and transcendental nonlinear equations. The proposed
methods are based on the Taylor’s series and backward
difference method. It turned out that the proposed numerical techniques are quadratically convergent. The
efficiency of the proposed methods is illustrated by
a few examples of nonlinear equations and is compared with the existing numerical methods such as
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S#

Functions

sinx − x + 1 = 0
1
x0 = 3

I
1
2
3
4
5
6
7
8

NR Method
1.06086
1.26018
2.25674
1.96109
1.9348
1.93456
1.93456
1.93456

S Method
2.02963
1.93335
1.93456
1.93456
1.93456
-

Algorithm 3.1
2.30981
2.01359
1.93921
1.93458
1.93456
-
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Algorithm 3.2
2.10406
1.94672
1.93464
1.93456
1.93456
-

TABLE 1: Results table for the function: sin x − x + 1 = 0
S#

Functions

sinx − x + 1 = 0
1
x0 = 3

I
1
2
3
4
5
6
7
8

NR Method
1.93914
2.32104
0.996557
0.29565
0.0262884
0.0002365
1.93E-08
2.22E-16

S Method
5.02963
0.0962742
0.0012114
1.80E-07
4.00E-15
-

Algorithm 3.1
0.690193
0.296213
0.0743817
0.0046324
1.75E-05
-

Algorithm 3.2
0.895941
0.157342
0.0120779
7.52E-05
2.92E-09
-

TABLE 2: Error table for the function: sin x − x + 1 = 0

Fig. 1: Comparison of accuracy analysis of sin x − x + 1 = 0
S#

Functions
2x2 − 5x − 2 = 0

2
x0 = 0

I
1
2
3
4
5
6

NR Method
0.4
0.351515
0.350781
0.350781
0.350781
0.350781

S Method
0.222222
0.328007
0.349939
0.35078
0.350781
0.350781

Algorithm 3.1
0.5
0.366667
0.350983
0.350781
0.350781
0.350781

Algorithm 3.2
0.408163
0.351894
0.350781
0.350781
0.350781
0.350781

TABLE 3: Results table for the function 2x2 − 5x − 2 = 0
S#

Functions
x2 − 5x − 2 = 0

2
x0 = 0

I
1
2
3
4
5
6

NR Method
0.4
0.0484848
0.0007339
1.68E-07
8.88E-15
5.55E-17

S Method
0.222222
0.105785
0.0219319
0.0008406
1.19E-06
2.41E-12

Algorithm 3.1
0.5
0.133333
0.0156836
0.000202
3.31E-08
8.88E-16

Algorithm 3.2
0.408163
0.0562697
0.001112
4.35E-07
6.64E-14
5.55E-17

TABLE 4: Error table for the function 2x2 − 5x − 2 = 0
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Fig. 2: Comparison of accuracy analysis of 2x2 − 5x − 2 = 0
S#

Functions
x2 − ex = 0

3
x0 = 0

I
1
2
3
4
5
6

NR Method
1
0.733044
0.703808
0.703467
0.703467
0.703467

S Method
0.6127
0.700737
0.703465
0.703467
0.703467
-

Algorithm 3.1
1.2254
0.823266
0.711988
0.703514
0.703467
-

Algorithm 3.2
1.05626
0.750182
0.704447
0.703468
0.703467
-

TABLE 5: Results table for the function x2 − ex = 0
S#

Functions
x2 − ex = 0

3
x0 = 0

I
1
2
3
4
5
6

NR Method
1
0.266956
0.0292358
0.0003403
4.58E-08
7.77E-16

S Method
0.6127
0.0880376
0.0027273
2.65E-06
2.51E-12
-

Algorithm 3.1
1.2254
0.402134
0.111278
0.0084737
4.68E-05
-

Algorithm 3.2
1.05626
0.30608
0.0457352
0.0009793
4.43E-07
-

TABLE 6: Error table for the function x2 − ex = 0

Fig. 3: Comparison of accuracy analysis of x2 − ex = 0
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S#

Functions
−x

e

− cosx = 0

4
x0 = 0

I
1
2
3
4

NR Method
4.71323
4.72129
4.72129
4.72129

S Method
4.72127
4.72129
4.72129
-

Algorithm 3.1
4.70726
4.72129
4.72129
-
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Algorithm 3.2
4.70874
4.72129
4.72129
-

TABLE 7: Results table for the function: e−x − cos x = 0

S#

Functions
−x

e

− cosx = 0

4
x0 = 0

I
1
2
3
4

NR Method
0.286771
0.0080637
4.02E-07
8.88E-16

S Method
0.278735
2.75E-05
5.95E-14
-

Algorithm 3.1
0.292742
0.0140343
1.29E-07
-

Algorithm 3.2
0.291264
0.0125569
3.70E-07
-

TABLE 8: Error table for the function: e−x − cosx = 0

Fig. 4: Comparison of accuracy analysis of e−x − cosx = 0
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Abstract
This study aims to identify and predict objects underwater using the autoregressive moving average with exogenous
excitation (ARMX) model in such a way that the outcome of the model is similar to actual measurements. It is
used for parameter estimation. This model is validated by comparing results in actual model with ARMX model,
autoregressive with an exogenous variables, and Box Jenkins (BJ) model. The results are analyzed in frequency and
time domain by using mean square error criterion. Initial results show that ARMX predicts the acoustic scattering
response with an accuracy of 96%, while ARX provides an accuracy of 78%, and BJ model poorly estimates the
signal with an accuracy of 35%. ARMX also provides higher accuracy of detection by 7-8% as compared to the
existing techniques.

Keywords—Autoregressive Moving Average with Exogenous Excitation (ARMX), Autoregressive with Exogenous Variables
(ARX), Box-Jenkins (BJ) Model.

F

1

Introduction

T

he field of acoustics studies the propagation and
interaction of mechanical waves such as sound
waves through different media including air or water.
Various methods can be used to model and understand
the behavior of those waves including stochastic, deterministic and statistical methods based on underlying
physical mechanics of sound waves. Chen et. al. [1]
proposed a model for reverberation by using timespace discretization to increase the computation time.
A reverberation is the linear response of scatters to
the emitting signal and defined by a linear method
to attain the impulse response function. Similarly, L.
Zao et. al. [2] presented an adaptive noise detection
technique for non-stationary acoustic noisy signals.
This approach was used in empirical mode decomposition and a vector of Hurst exponent coefficients.
The authors worked for UWA DSSS signals detection
where they used Lab-VIEW. It incorporates the power
spectrum, autocorrelation and cepstrum methods by
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.23
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

using the acquisition card and acoustic transducer.
Lu et. al. [3] suggested that different detection methods can be independently or jointly used by tuning
the display and control parameters in real time. A
summary of existing work for signal identification of
underwater objects is presented in Table 1. However,
all of these approaches usually require some form of
propagation model that can provide basic information
such as propagation delay and loss. On the other
hand, physics-based models incorporate the effects of
attenuation, noise, multi-path, Doppler Effect due to
object motion, surface waves [4] and bubbles [5] to
provide a more accurate depiction of acoustic behavior.
This study provides a unique approach to evaluate
modal parameters that result from impulse response
from underwater objects in the presence of random
excitation and random measured noise as a result of
acoustic scattering. The approach involves the use
of an autoregressive moving average with exogenous
excitation model to predict the contours of a structure
while taking random noise and unmeasured excitation
into account. Some of the benefits of this technique are
that it provides a scaled model shape of the structure
and can be used with periodic signals including dif-
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ferent excitation signals. To mitigate the unmeasured
excitations, these periodic signals can be combined
(with time domain) by synchronous averaging.
This technique requires a multistage estimation
algorithm that is first used to evaluate the parameters
of the ARMX model and subsequently to compute
the modular parameters of the structure. ARMX estimation model uses the position of estimated poles
on the Z-plane to find the most suitable model and
to discriminate between structural modes and false
numerical poles.
This paper is organized as follows. Section 2 mathematically describes the types of models and excitation signals used in the identification process. It
also explains the model as a regressive estimator and
least square error minimize. Section 3 discusses the
simulation results. Section 4 concludes the paper.

2

2.2 ARX Model (Autoregressive with Exogenous
Variables)
The global system characteristics and the coefficients
of FIR model are found using the ARX model. ARX
model with exogenous input is stated as [4]
A(q −1 )yt = B(q −1 )ut + et

(4)

A(q −1 ) = 1 + a1 q −1 + +ama q −ma

(5)

where,

and B(q −1 ) is specified in Equation 2. Therefore, the
outcome of the model is given as follows.
yt =

1
B(q −1 )
ut +
et
A(q −1 )
A(q −1 )

(6)

The noise is modelled by a factor of 1/A multiplied by
the dynamics model. It is important to note that ARX
does not model noise and dynamics independently [12].

Methodology

Following sections describe the methodology proposed
in this paper.
2.1
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Error Estimation Methods

Error estimation methods aim to identify the system
model and minimizing a cost function that represents
the expected difference between the actual and estimated output. This estimated output is computed
using a predefined model, whose unknown parameters
are the optimization variables and the inputs/outputs
are in time domain. Mathematically, cost function can
be defined as follows [11],

2.3 ARMX Model Structure and Estimation Algorithm
ARMX model with variable inputs and noise disturbance signals [13] is given as follows,
A(q −1 )yt = B(q −1 )ut + C(q −1 )et ,

(7)

C(q −1 ) = 1 + c1 q −1 + +cmc q −mc ,

(8)

where A(q −1 ) is as in Equation 4 and B(q −1 ) is given
as in Equation 2. The output of this model is given as
follows.
B(q −1 )
C(q −1 )
yt =
u
+
et
(9)
t
A(q −1 )
A(q −1 )

where ŷ(t+τ /t) (θ) defines the estimated value of the output y at time t + τ , determined using the information
available at time t for a model with parameter θ. The
fundamental model used for error estimation that the
system outputs is found between two input signal ut
and the effect of unmeasured noise or disturbances et .
Mathematically, Finite Impulse Response (FIR) model
is used which is given as follows,

Equation error methodology in ARMX algorithm detects the output, which is a summation of three regression terms: past inputs, outputs and white noise.
The inputs of model are the combination of observed
input (ut ) which gives the deterministic component
−1 )
by transfer function B(q
A(q −1 ) ; however, its output y0 (t)
is not available. The other input, which is known as
white noise (et ), helps to determine the stochastic
−1 )
component by C(q
A(q −1 ) transfer function and its output
is a noise ν(t) that signifies the effect of white noise
[14]. The observed output is given as follows.

yt = b0 ut + b1 u(t−1) + +bmb ut−mb + et

y˜0 (t) = y0 (t) + ν(t)

(T +τ )

J(θ) =

X

||yt − ŷ(t+τ /t) (θ)

(1)

(t=1)

= B(q −1 )ut + et

(2)

where ut = input vector and B(q −1 ) = FIR kernel:
B(q −1 ) = b0 + b1 q −1 + bmb q −mb

(3)

Characteristics of models depend on the structure of
B(q −1 ) and adaptive noise et .

(10)

In ARMX, the dynamics of the noise that are parameterized are more flexible than in the ARX model.
ARMX extends the ARX structure by providing more
flexibility for modeling noise using the C parameters
(a moving average of white noise). This allows ARMX
to be the preferable option when the input is dominated by the disturbances known as load disturbances
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Author (Year)

Paper Title

Dmitrieva M., et. al. (2019) [6]

“Material recognition based on the
time delay of secondary reflections
using wideband sonar pulses”.

Anitha, U., et. al. (2018) [7]

“Underwater object identification and
recognition with sonar images using
soft computing techniques”.

Jia H., et. al. (2017) [8]

“Rigid and elastic acoustic scattering
signal separation for underwater target”

Josso NF., et. al. (2011) [9]

“Nonstationary System Analysis Methods
for Underwater Acoustic Communications”

Li W., et. al. (2004) [10]

“Size identification of underwater objects
from backscattering signals of arbitrary
looking angles.”
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Methodology
Methodology using wideband chirp pulses.
The accuracy of identification was 83.5%
for the shell material and 79.9% for filler
material on the synthetic data.
Approach based on “Adaptive-Neuro Fuzzy
Inference System”for underwater object
detection by using sonar and claims for better
results.
Fractional Fourier transform (FRFT) is used
to separate the target rigid and elastic
acoustic scattering components.
Presented two approaches. First methodology
is “canonical time-scale channel model and
“ray system model”
The approach uses various frequency ranges to
find different parameters Authors claims
that proposed method achieved better accuracy
then other state of art methods

TABLE 1: Summary of the existing work

form of identifiable wave families that are then classified with respect to scattered waves using resonance
scattering theory [16].

3

Box-Jenkins (BJ) Model

Polynomial model and it is written as:
yt =

C(q −1 )
B(q −1 )
u
+
et
t
A(q −1 )
A(q −1 )

(11)

where,
(

Fig. 1: ARMX model

D(q −1 ) = 1 + d1 q −1 + +dmd q −md
F (q −1 ) = 1 + f1 q −1 + +fmf q −mf

(12)

Equation 11-12 characterize the dynamics and noise
using rational polynomial functions. As a result, the
BJ model is a better option when the input is not
dominated by noise. Instead, the noise is a primary
measurement disturbance that is added afterwards.
This structure allows more flexibility to model noise
eue to its ability to independently model noise. The
input-output relationship can take the following form,
y(K) = ψ(k)T θ

Fig. 2: Block diagram of ARMX estimation algorithm

[15][20]. One of the major advantages of autoregressive
(AR) based representation is that the resonant frequencies can be accurately localized and detected. In
order to obtain the elastic and geometrical properties,
the resonant frequencies are clustered together in the

(13)

where, ψ(k) is the regression vector of y and u and a
function of past data. θ ∈ DM ⊂ RP is a parameter
vector to estimate the model [17].

4

Simulation & Results

The parameters of the ARMX model can now be
chosen through a multistage estimation algorithm that
chooses the best-fit model from the estimated models
based on the position of their corresponding estimated
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Fig. 3: Estimated Poles and Zeros on Z-Plane

160

Fig. 5: Input and Output de-trended data, data has
zero mean value

Fig. 4: Acoustic signals: Input and Output
Fig. 6: Measured and Simulated output of Models
poles on the Z-plane as shown in Fig ure 3. Once
the ARMX parameters have been chosen, the model
parameters of the structure can finally be calculated.
The complicated or noisy signals are represented in
Figure 4. It is difficult to optimize the polynomial
orders in ARMX model. It is the most suitable and immediate method for finding the poles of a system and
scattering the resonance frequencies. In the proposed
methodology, ARMX technique includes zeros in the
parametric model, allowing for a more significant and
accurate data representation.
In order to optimize the computation of the model,
an assessment of time and frequency correlation properties of the path coefficients are used. The ARMX,
Sample time
Input
Parameters

Output
Parameters

Polynomial orders
Free coefficients
Number of iterations
Fit to estimation
data(Accuracy)
Mean square
error (MSE)

1 seconds
Na = 2, Nb = 2
Nc = 2, Nk = 2
06
14
96.42%
0.0001185

TABLE 2: ARMX model generated parameters

ARX and BJ models are finally validated using real
life data from four independent experiments. Specifically, experimental data is used to assess the statically
and the auto-correlation functions of the large-scale
loss and the short-term path gains. ARMX extends
the ARX structure by providing more flexibility for
modeling the trended noise as shown in Figure 5,
using the C parameters (a moving average of white
noise). This allows ARMX to be the preferable option
when the input is dominated by disturbances. Figure
6 shows the results of ARMX, ARX AND BJ models outputs. Varying the parameters and comparing
the performance of all three models, i.e., ARX, BJ
and ARMX, simulation results in Table 3 show that
ARMX is the best-fit model and more accurate as
compared to other parametric models. The ARMX
Model Type
ARMX (Proposed)
ARX
BJ

Output Accuracy (%)
97.8
78.5
35.37

TABLE 3: Accuracy comparison
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No.
1.
2.
3.
4.

Model Type
ARMX model
(Proposed)
Wideband sonar
pulses method [6].
Canonical time-scale
channel model [9].
Sonar images using
soft computing
techniques [7].
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Output
Accuracy (%)
97.8
78.5
86.7
89.7

TABLE 4: Accuracy comparison with the existing
techniques
Fig. 8: Frequency Response of ARMX, ARX and BJ
models

Fig. 7: Error between measured and simulated model
output.
Fig. 9: Power spectrum (db) of frequency signal
algorithm was developed to yield more accurate modal
parameters than ARX models estimated using the
least squares criterion that included unmeasured excitation, Error estimation is shown in Figure 7 by least
square method.
As shown in Figure 8, amplitude bode plot, the
resonant frequency peaks for the ARMX model can
be easily identified as sharp distinct features; whereas,
in ARX and BJ models, the plot is smoother and the
resonant frequency is difficult to distinguish.
The spectrum is only plotted for frequencies
smaller than the Nyquist frequency. Table 4 shows
that the results improve by using ARMX model as
compared to the existing techniques.

5

Conclusion

After comparing the results of simulations including
frequency diagrams, parameter estimations, pole-zero
analyses and auto and cross correlations, it can be concluded that the best-fit model was provided by ARMX.
This model can be described by 6 parameters with a
delay of one sample. As a result, the ARMX model
provides an accuracy of 97% which is much higher than
the corresponding accuracy of the ARX model (78%)

and the BJ model (35%). Therefore, the accuracy from
ARMX model was improved by 19.3% as compared to
ARX model, and by 62% as compared to BJ model.
In addition, the detection accuracy improved by 78% by using ARMX model in coparison with the
exising techniques. A 97% accuracy of estimation can
be deemed as a successful identification of the real
object based on acoustics. The results showed that
ARMX is best linear model because of its low number
of parameters and higher percentage of accuracy.
This model will be validated in future by conducting
a probe analysis experiment. It is intended to consolidate the idea that ARMX can realistically provide a
higher accuracy as compared to the state-of-the-art
techniques used for underwater object detection
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Abstract
In order to use location-based services (LBS), a user needs to provide his/her location coordinates (geo-coordinates)
to the LBS server. The revelation of a user’s location/identity may seriously jeopardize his/her privacy. A common
solution to this problem is the use of an intermediate anonymizer that obfuscates the real location of a user among
K other users. However, in this scenario, the anonymizer must be a trusted entity and therefore, inherits the trust
related issues. Not only this, but it may also become a single point of failure. Moreover, if anonymizer is compromised,
then the privacy of all the users is compromised. A Vehicular Social Network (VSN) is formed by drivers/passengers
who share common interests or location. Similar to mobile nodes, the vehicles also utilize LBS services. However,
an anonymizer cannot be used in this scenario because it needs to be updated with current locations of vehicles
and therefore, may jeopardize the privacy of vehicles. A VSN can provide significantly help in this scenario. This
research proposes a distributed K-anonymity based scheme that considers the social ties between the users of VSN
and enables vehicles to use LBS in a privacy preserving manner. The proposed scheme uses a semi-trusted authority
(TA) such as a government law enforcement agency that registers vehicles. However, the TA is a semi-trusted entity
and does not know what services are requested by a vehicle. On the other hand, the LBS server does not know which
vehicle is requesting the service. The computational overhead of the scheme is also presented along with security
and privacy analysis. The low computational overhead of TA, LBS server and vehicles shows that the scheme is
computationally feasible. The security and privacy analysis shows that a user remains anonymous to the LBS as well
as keeps a TA from learning which service was requested by the user.

Keywords—Location based services, Privacy, Trusted Authority, Vehicular Social Network
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1

Introduction

T

he Location-Based Services (LBS) are used
through users’ mobile devices and provide them
with the information regarding nearby restaurants,
hospitals, gas stations, shopping malls, cinema (to
name a few) [1]. Another application of LBS is social
networking. People find their friends with the applications such as Google Buzz [2]. Many of the LBS
services are now mobile-based and enable a user to
send his/her real time location. This paves the way for
an exciting new way of using mobile phones. With all
these benefits of location-based services, we have the
threat of compromising a user’s privacy. To provide
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)
DOI: 10.52584/QRJ.1802.24
This is an open access article published by Quaid-e-Awam
University of Engineering Science & Technology, Nawabshah,
Pakistan under CC BY 4.0 International License.

services, an LBS server would require user’s location,
and therefore, increases the threat of violating user’s
location privacy. When a user uses location-based
services and send query to LBS provider, he/she sends
his/her current location as well. A malicious attacker
or eavesdropper can trace user’s activities from location information and can harass him/her or perform
any kind of malicious activity with this information.
Another privacy threat is the fact that LBS provider
itself can track user’s history, such as various locations
visited by the user in the past and therefore, can
deduce extract information such as home or office
address. Protecting user’s privacy and application secrecy from adversaries is of paramount importance to
establish and maintain consumers’ trust in the mobile
platform, especially in social network, mobile social
network, and vehicular social network (VSN).
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K-anonymity is a technique that hides a user
among its K-1 neighbors. This solution has been
widely practiced, but has two major issues: first, the
anonymizer needs to be a trusted entity and second,
it may become a single point of failure. A vehicular
adhoc network (VANET) is a subset of a mobile adhoc
network (MANET) with some unique characteristics
such as rapid speed of nodes (vehicles) that causes
vehicles to quickly change their typologies. A vehicular
social network is a combination of VANET and online
social network. The characteristics used to form a
VSN include common hobbies, same route and current
location. A VSN enables connected vehicles to share
information on regular basis [12], therefore, vehicles in
VSN frequently exchange messages.
In this paper, we provide a scheme to preserve location
privacy of users in VSN during acquiring services
from an LBS. The main contribution of our scheme is
twofold. Firstly, our scheme proposes to use an already
established VSN to act as an anonymizer. This greatly
saves the overload of establishing an anonymizer. Secondly, with the already distributed nature of VSN, we
prevent our VSN based anonymizer to become a single
point of failure.
The remaining paper is organized as follows. Section 2 highlights the related work and their limitations.
Section 3 provides proposed scheme. Section 4 provides
results and discussion, and Section 5 concludes the
paper along with the future work.

2

Related Work

The literature survey discusses many approaches that
have been put forward for location-based services,
but each have their benefits and limitations. These
schemes utilize various techniques such as cloaking
or K-anonymity, private information retrieval (PIR),
generation of dummies and homomorphic encryptionbased techniques. Many of these approaches have certain disadvantages such as computational infeasibility
and lack of privacy.
Spatial cloaking or K-anonymity [3][4] is a technique that works by hiding a user’s location among
few of his/her neighbors. These locations are then sent
to a trusted third party (TTP) called the anonymizer
which hides user’s position among other users and
sends service query for all of them to LBS provider.
Because the anonymizer acts as a trusted third party,
it knows the identities of K users. Cloaking or kanonymity is efficient in terms of processing time
because all computation is done on TTP; albeit, it
has a high probability of identifying user’s location.
Generation of dummies [5] is a technique that hides
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a user’s location and trajectory by sending several
queries instead of only one. The drawback is the slow
response, DoS attack and studies show that user’s true
information is easily revealed.
Other widely used techniques are based on the
cryptographic approach [6] that guarantees strong privacy at the cost of higher computational complexity.
Therefore, the high computational and communication
complexity make these approaches almost impractical.
One of such approaches is private information retrieval
(PIR) [7] where a user requests queries in encrypted
form and therefore, the server cannot learn the request. However, PIR incurs significant computational
overhead. Another issue is the assumptions that are
needed to be made regarding a server’s computational
abilities. Due to the higher computational requirements, the server should have sufficient computational
resources.
The work of Rakesh et. al. [8] proposes two example
situations for timely distribution of safety messages in
a VANET based on fog and a mixture of fog and Software–Define Network (SDN). The approach by Femi
et. al. [9] suggests that when a user gets the service, he
does not know that his private information is leaked
and therefore, they propose that a scheme that ensures
that a user’s personal information is not stolen during the information retrieval from a database server.
Fan et. al. [10] suggest a technique that temporarily
reduces the cost of privacy protection by using a twotier diagram that is based on K-Anonymity principle.
Concretely, to maximize the privacy, level one proxy
is selected to generate mock locations and share the
returned results from LBS provider.
Hong et. al. [11] use a K-Anonymity based mechanism to query privacy in LBS and study a new
proposed algorithm DLS. The algorithm presents a
circle segment to provide privacy of real query. They
propose two algorithms which are MEE and MER to
gain effective query privacy in general cases. Yin et. al.
[12] propose a new method which they name as Protecting Location Privacy with Clustering Anonymization (PLPCA). It is used for location-based services
in vehicular networks. Sun et. al. [13] attempt to
protect the location privacy by proposing a scheme
that uses a dummy location-based algorithm to solve
a users’ privacy problem. During a service request, the
users generate dummy locations to send dummy users
instead of actual users. However, dummy selection by
a naı̈ve user may expose actual location of a user.
Hong et. al. [14] use a social network to share
trustworthy information in a vehicular network. They
noted that in measuring of direct trust and modeling
indirect trust in online social networks, there is strong
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correlation between trust and users’ interests. Their
observations are based on the data that is taken from
real online communities. In each dataset, a user’s
interest profile is constructed from the ratings.
Zhang et. al. [15] propose multi-level caching and
spatial K-anonymity based scheme to send user
location to LBS privately. The scheme utilizes the
markov model. It predicts the next query by forming a
spatial K-anonymity, location related to the user’s mobility and then selects K cells based on the predicted
location, cell’s cache contribution rate, and data freshness to improve cache hit rate between users and LSP
to reduce the interaction and improves user privacy.
Ruchika et. al. [16] propose a P2P communication
model which is called CAST. This scheme establishes
trust of employees to use their cached mobile data
to collaborate with each other. Results are provided
locally with low latency rate. The proposed algorithm
preserves a user’s privacy and performs effectively under pull-based sporadic query scenario. Recently, Jiang
et. al. [17] highlight the location privacy mechanism in
LBS and also mention the limitations of the current
approaches.
By looking at various issues in the abovementioned approaches, we conclude that a robust, yet
simple approach is needed, which requires moderate
computational resources, secure communication between client and the server, and avoids a fully trusted
third party. Keeping in view all these aspects, we
propose a secure and privacy preserving scheme that
enable users of LBS to use the services anonymously.

3

The proposed Scheme

The proposed scheme is based on the use of KAnonymity inherently exists in a VSN. We assume the
existence of an already established VSN. This scheme
uses three phases. During the initial setup, a user
vehicle is registered and acquire tokens from a semitrusted authority (TA) using cryptographic primitives.
In next phase, a vehicle in a VSN sends an encrypted
request containing service and an anonymous token to
the LBS server and the server responds to the request.
In the third phase, the LBS provides the token to TA
that charges the vehicle for the service.

Fig. 1: The proposed system model
Notation
Vi
TA
PKLBS
SKTA
TEXP
n

Explanation
Initiator Vehicle
Semi-trusted Authority
LBS Public Key
TA Private Key/ TA signature
Expiry time of Token
10 bytes random number

TABLE 1: Notations

In our system model, vehicles can transmit messages
to nearby RSU and other neighboring vehicles that
forward this to LBS. The semi-trusted authority (TA)
and LBS are the application server which receive requests from vehicles through V2V and V2I communication standards.
3.2

Notations

Table 1 shows the notations used in the proposed
scheme.
3.3

Working of the Proposed Systems

The proposed scheme has following steps.
3.4
•

•

3.1 System Model
Figure 1 shows the system model that consists of
vehicles, RSUs, LBS and TA. RSUs are an integral
part of VANET and VSN and their most basic purpose
it to enhance the transmission range of vehicles. They
are also used to send information to the vehicles from
traffic authorities as well as other system entities.
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•

3.5
•

Step 1: Initialization
Token: (n||T exp)SKT A , where n is a 10 bytes
integer that serves as the unique identifier of the
token. Texp is the expiration time of the token.
A vehicle is assigned a number of tokens on a
request.
T A → Vi Tokens
TA keeps a database to maintain the correspondence between a user vehicle and tokens that are
assigned to that user vehicle.
Step 2: Service Request
Vi
→
V SN
users
→
(Service||T oken||V SN Id)P KLBS

LBS

:
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•

3.6
•

•
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VSN Id is an increment counter. It changes after
a short time period. Every vehicle keeps track
of it. The VSN Id serves as an identifier for the
particular VSN from where the service request has
been originated. The request encrypted in LBS’s
public key ensures that no vehicle learns the
requested service. Therefore, the vehicles or the
RSUs only forward this message without knowing
the contents. In this way, that VSN becomes an
anonymizer.
LBS Provides Services to the Users

Fig. 2: Encryption time for services

After receiving the encrypted message, LBS decrypts it and finds the service and the token.
Because of the anonymous token, the LBS cannot
learn which vehicle has sent this request.
LBS → V SN : Service ResponseV SN Id LBS
processes the required service and sends back the
response. This response contains VSN Id along
with the service.

3.7 Step 4: Service Received
Vi gets the service (identifiable to Vi via VSN Id.
3.8 Billing Process
LBS provides token to TA so that the TA could use it
for future billing purposes.

Fig. 3: Decryption time for services

4.2

4

Results & Discussion

The performance of our scheme is based on two factors.
One is the computational cost that consists of measuring the encryption and decryption time of service
requests, as well as signing and verification times of
tokens. The other aspect is the security and privacy
analysis. For the computational cost, the proposed
scheme is implemented using JAVA on Eclipse IDE
with JDK 7. The test bench is comprised of an
i7 processor-based machine with 16 GB RAM. The
implementation computes the computational cost of
up to 500 services and 500 tokens. Computational
cost is calculated by computing the RSA encryption,
decryption, signature creation and verification.
4.1 Encryption Time for Services
During implementation, the total number of services
is 500 and the time is calculated in seconds. Figure
2 shows the encryption of requesting services by a
vehicle. The proposed scheme takes around 8.8ms for a
single service and around 0.23 seconds for 50 services.
In reality, a vehicle may not send such a higher number
of requests simultaneously.

Decryption Time for Services

The LBS server receives the encrypted requests and
therefore, it is important to find the time for decryption for incoming encrypted requests. The decryption
time for service is also calculated during the experiment. It is noted that the decryption takes more
time than that of encryption. The results are shown
in Figure 3. In case the LBS receives 50 encrypted
requests, it decrypts them in just 0.83 seconds, and 500
requests in around 9.9 seconds. The result in Figure 3
shows that a single machine is sufficient to entertain
about 200 to 250 requests, however, a server needs to
be comprised of more than one machines to decrypt
increasing number of incoming requests.
4.3

Signing Time for Tokens

The TA issues a number of tokens to a user. One
token is needed to receive a single service. Each token
contains TA’s signature. Figure 4 shows the time to
sign tokens that is around 0.136 seconds for 50 tokens,
and around 1.26 seconds for 500 tokens. Importantly,
these tokens are not required in real time and can be
downloaded in off time such as at night. Therefore,
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request. Therefore, the TA cannot learn what servcie
has been requested by the user. Using a VSN with its
K-1 neighbours prevents the LBS learning the exact
location and identity of the user. Another important
advantage is that a VSN is distributed and therefore,
cannot become a single point of failure, which is a
disadvantage with most of the K-anonymizers.

5

Fig. 4: Signing time for tokens

Fig. 5: Verification time for tokens
this does not create any delay on vehicles getting the
service as well as on TA.
4.4 Verification Time for Tokens
Once a request is received, the LBS needs to verify
the signature on the token. Figure 5 shows the time
taken by an LBS machine for signature verification.
The total time taken is 0.22 seconds for 50 tokens, and
2.35 seconds for 500 tokens. The result in Figure 5
shows that the LBS can verify a number of signatures
in a very short time period.
4.5 Privacy & Security Analysis
Anther important aspect of this work is the privacy
and security analysis. When a user sends a service
request to LBS, then the contents of the request
are encrypted in LBS public key. This prevents the
members of the VSN as well as an adversary learning
what service is being requested. Similarly, when LBS
receives the requests and decrypts it, it only finds a token associated with the service request and therefore,
cannot learn which user has requested the service. The
responsibility of TA is to issue and receive the token
from the LBS that has been utilized for the service

Conclusion & Future Work

This research proposed a scheme that enables VSN
users to use LBS services without revealing their location or identity. The proposed scheme takes benefit
of the existing social ties between the users of VSN
where vehicles cooperate with each other. The proposed scheme uses TA to register vehicles and provides
a pseudo identity in the form of an anonymous token.
The LBS server is unable to know which user vehicle
is requesting the service. The VSN members do not
know the service or identity of the vehicle which is
requesting the service. Finally, the TA does not know
anything about the requested service. The results show
the low computational overhead of the scheme on TA,
LBS and users. The privacy and security analysis show
that a user’s privacy and the request confidentiality
remains intact.
In future, we aim to provide the network analysis of the
scheme for communication feasibility as well as aim to
evaluate it for various network-based attacks.
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Abstract
Diabetic Retinopathy (DR) is one of the major eye diseases that causes damage to retina of the human eye ball due
to the rupture of tiny blood vessels. DR is identified by the ophthalmologists on the basis of various specifications
i.e., textures, blood vessels and pathologies. The ophthalmologists are recently considering software for eye diseases
detection based on image processing designed by the computing techniques and bio-medical images. In the analysis
of medical imaging, traditional techniques of image processing and computer vision have played an important role
in the field of ophthalmology. From the past two decades, there is a tremendous advancement in the development
of computerized system for DR detection. This paper comprises the five parts of analysis on image based retinal
detection DR, named as review of low varying contrast techniques of the retinal fundus Images (RFI), review of noise
effect in the fundus images, review of pathology detection method from the retinal fundus images, review of blood
vessels extraction from the RFI, and review of automatic algorithm for the DR detection. This paper presents a
comprehensive detail to each problem in the retinal images. The procedures that are currently utilized to analyze the
contrast issue and noise issues are discussed in detail. The paper also explains the techniques used for segmentation.
In the end, the recent automated detection system of related eye diseases or DR is described.

Keywords—Retinal Images, enhancement of retinal images, normalization of retinal images, de-ionization of retinal images,
automatic detection of DR, retinal images Segmentation
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1

Introduction

D

iabetic Retinopathy, usually referred to as DR,
is a disease linked to eyes and is impediment to
Diabetes Mellitus and major reason to retinal vasculature mutilation that causes loss of sight. This silent
ailment kicks in once the problems of vision loss start.
The process of treating DR is complicated as it starts
progressing [1]. Increase in diabetic life expectancy has
risen the frequency of diabetic retinopathy. Diabetes
is a major issue in the world of health-care [2]. It
is predicted by World Health Organization that over
next 2.5 decades, the number of diabetic patients is
expected to rise from 130 million to 350 million [2].
According to Access Economics report of the Australian government in 2004, 1.6% of the people aged
40 and above suffer from DR. According to the eye
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DOI: 10.52584/QRJ.1802.25
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study of the Blue Mountains, Wales, Australia, it is
indicated that one in three people with diabetics have
DR. In Australia, the irreversible blindness among
adults increases day by day. It is in top five of the
disease list. Recently, a study reported that one in
20 diabetics patients have diabetic macular oedema
or last stage of DR [3].
Diabetic Retinopathy is divided in to two categories named as Proliferative Diabetic Retinopathy
(PDR) and Non-Proliferative Diabetic Retinopathy
(NPDR). The classification of DR is considered by the
occurrence of pathologies and rental vessels variations.
NPDR contains three stages such as Mild, Moderate
and Severe. One of the significant procedures is Eye
screening for observing DR progress and giving essential treatment to patients for prevention of further
development or deterrence to loss of vision [4].
The retinal vasculature network gives significant observation of DR progress. Doctors can observe DR development due to the retinal blood vessels’ alteration
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or loss around the macula of the Foveal Avascular Zone
(FAZ) of the RFI is detectable. Macula is an area of
FAZ in fundus images that contains no blood vessels.
The enlargement of the size of FAZ causes a blood
vessel in macula area, and it progresses the disease
severity level [5][6].
The Fundus Fluoresceine Angiography (FFA) represents the retinal photography. The FFA gives following three key features.
1) The way dye passes through the blood vessels to
enter the retina and choroid and its circulation
when it finally reaches there.
2) Fine description of retinal pigment and flow that
may be invisible are observed.
3) In the resulting color fundus picture (CFI), the
retinal vessel network is transparent and its functional integrity is assessed [4]
This review contains some main areas of retinal
images analysis.
1) Review of low, varying contrast techniques of RFI
2) Review of noise effect in the fundus images
3) Review of the Blood Vessels extraction from RFI
4) Review of pathology detection method from the
RFI
5) Review of automatic algorithm for detection of
DR
The paper is structured as follows. Section 2 explains the modalities of medical images. Section 3
explains the research issues in RFI. Section 4 gives
the description of biological structure of normal retina.
Section 5 provides an overview of pathologies in fundus images. Severity scale of Diabetic Retinopathy is
explained in section 6. Section 7 is based on the review
of computerised diagnosis for DR detection methods.
Section 8 contains the review of RFI enhancement
methods. The detailed review of noise effect in the
fundus images is elaborated in section 9. Section 10
elaborates the retinal blood vessel segmentation. The
automatic detection of Diabetic Retinopathy’s review
is elaborated in section 11. Section 12 contains concluding remarks.

(1)

2

Modalities of Medical Images

The requirement of imaging for medical diagnosis is
of paramount importance. Medical imaging can be
exploited to study and analyze the disease progress.
Furthermore, it can also be used for the progress of
medical treatment. Basically, human organs are observed with the help different modalities. Non-invasive
(no surgical intervention) and invasive (surgical intervention) are the two types of medical imaging [7].

2.1
ing

Ionizing Radiation (IR) Based Medical Imag-

Ionizing radiations are dangerous to the living tissues
by hurting the individual cells at the atomic level.
The ionizing radiation imaging modalities are shown
in Figure 1 [8].
2.2 Non-Ionizing Radiation (NIR) Based Medical
Imaging Modalities
Radio frequency (RF) waves are used for non-ionizing
modalities. The RF waves come with the advantage
of low frequency. They also have thermal as well as
photochemical issues. Figure 2 shows the NIR modalities. In addition, some technical limitations can be
linked with these imaging modalities are improper
acquisition processes which includes poor focus and
uneven radiance producing noisy image.

3

Research Issues of RFI

Low contrast and noisy images are the usual problems
linked with the fundus images. Both these issues are
raised due to imperfections in the image acquisition of
the human organ. The uneven retina surface is one of
the main reasons for varying contrast problems. The
biological nature of the retina results in the different
amounts of light being reflected that lead to a low and
varied contrast image.
In Figure 3, we can see the spots which darkens the
images of blood vessels leading to improper analysis.
Similarly, for Green Band (GB) fundus images, desired
blood vessels visibility cannot be achieved. In Figure 3,
the oval shaped pigmented region near retina’s centre
is shown, and different regions are selected within the
FAZ of the Green band of RFI. Variabiliry in the
contrast is seen in macula section of the Green band
fundus techniques of images are required to handle
these issues.
3.1

Low contrast in RFI
(Imax–Imin)
C=
(Imax + Imin)

Where Imax is the largest whereas Imin is the smallest luminous intensity values of an image. Weber’s law
applicable to different modalities is defined as “the
contrast is the difference of two intensities divided by
the initial stimulus.” It is mathematically represented
as,
∆I
C=
(2)
I
where ∆I and I are the luminance of the objects. An
image is basically the intensity values and it comprises
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(c)

(d)

Fig. 1: (a) Fluoroscopy [9], (b) computed tomography [10], (c) Single Photon Emission Computed Tomography
(SPECT) [11], (d) Positron Emission Tomography (PET) [12]

(a)

(b)

(c)

Fig. 2: (a) Magnetic Resonance Imaging (MRI) [13], (b) mammography machine [13], (c) fundus camera [14]

Fig. 3: Illustration of noise issue (fundus images)

Fig. 4: Example of varied contrast in fundus Images

definite range, and might appear in low contrast. The
primary purpose of increasing the image pixels values
of low contrast for clear visualisation that vessels can
be achieved by doing image enhancement. Due to varying contrast issue, it is difficult to analyse accurately
the retinal vasculature network [16].

contrast are the types of contrast variations. RFIs of
different eyes have different contrasts; this is known
as inter-varying contrast and is presented in Figure 4,
which shows the two types. The Fundus image macula
is shown and these images are example of contrast
variations showing dark and bright photos of retina.

3.2 Contrast Variability Problems in RFIs
The varying contrast in RFIs occurs because of the
environmental condition of lighting and flash of the
fundus camera. Uneven retina surfaces results in differing illumination [17]. Inter-varying and Intra-varying

3.3

Noise in RFIs

Noise can be defined as the unwanted information
degrading the image quality. There are three fundamental noise models named as multiplicative, additive
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and additive plus multiplicative models. The multiplicative noise is reliant on the parameters of image;
while, additive noise is naturally mechanized and can
be easily exhibited [18]. The RFI comprises of the noise
in retinal blood vessels images, hence, difficult to be
analysed for fundus as well as GB images as shown in
Figure 5.

4

Pathologies in RFIs

RFIs can be used to screen and diagnose various
pathologies. The DR severity levels or disease severity
level are indicated through these diagnostics [21]. The
following sections contained information of abnormalities in the fundus images.
5.1

Blot and Dot Haemorrhages in RFIs

A haemorrhage can also be diagnosed and detected
with the help of RFIs. It can take any shape, be it
round or irregular shapes. Haemorrhages are formed
mostly due to the red cells. Tiny blots and dot are the
types of haemorrhages. Blot haemorrhages mostly are
larger than dot haemorrhages [21]. Figure 8 depicts the
haemorrhages in fundus images.

Biological Structure of Normal Retina

Analysis of fundus image helps analyzing various eye
related diseases. The two methods of capturing the
fundus image are FFA (invasive) method and noninvasive techniques. In FFA, dye made of fluorescein is
injected into minuscule blood vessels of eye to boost up
retinal vasculature contrast level [19]. Fundus camera
captures the digital CFI without any injections into
the blood vessels. Figure 6 shows the images captured
with both techniques.
The contrasting agents enables retinal vessels appear brighter in invasive technique. The non-invasive
techniques, though more secure, but it is tough to
achieve same image quality as in the case of invasive techniques. The macula provides visual acuity
and suffers from varying contrast. It is imperative to
overcome this issue of contrast from macula region,
because macula is the region that contained no blood
vessels. Therefore, its observation plays a significant
role in the early monitoring of related eye disease.

5

5.2
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Microaneurysm in RFI

The first clinical symptoms for early diagnosis of eyerelated illness are microaneurysm (MA). Referring to
the CFI and FFA image in Figure 7, MAs emerge
as tiny deep red lesions in CFI (white circles) are
evidently seen as small round sharp-edged lesions with
unevenly lighter rims [22]. In high-quality images, MA
can be seen as small in scale, about 15-100 m in diameter. MAs are often somewhat oval, with relatively
sharp edges with dark red dots. MAs have emerged
as tiny blood vessel dilations and their appearances
are associated with the development of DR [23]. These
occur more in the area around macula.

5.3

Soft Exudates & Hard Exudates in RFIs

Exudates can be seen as second clinical sign appearing
after MA. Exudates are patches of random yellow
or white colours found in the RFI with different dimensions, forms and at numerous locations [25]. The
exudates are of two categories, i.e., the hard and soft
exudates. Hard Exudates are produced by the serum
lipoproteins which outpour from Micro-Aneurysms
and dump in the retina [23]. The soft exudates are
called cotton wool spots. Soft exudates exhibit bright
prints where minuscale blood vessels are either blocked
or damaged. Exudates are mostly fluffy lesions in
fundus images and it affects the observation of blood
vessels and in a case of FFA images, there is very
difficult to observe the blood around the macula region
due to exudates [26]. Figure 9 gives a description of the
image containing the exudates.

6

Severity Scale of Diabetic Retinopathy

Important step for early diagnosis of the related eye
disease is eye screening. For grading the DR, the
standard grading protocol is used and it is elaborated
in Table 1 [27][28]. It can be observed that with a boost
in severity of DR, the facade of pathologies augments.
The images of different severity scales are illustrated
in Figure 10.

7 Computerized Diagnosis
Retinopathy Disease

for

Diabetic

The computerized analysis of DR pathologies is increasing rapidly and the assessment of associated research is fractioned into three segments. The foremost
one is associated to the automatic analysis of haemorrhages and microaneurysms, second one comprises
of computerised analysis of exudates (both soft and
hard) and lastly digital study of FAZ for classified
the severity level of DR. Most researchers are focusing
on the DR’s computerised detection on the basis of
pathologies. Microaneurysm can be identified automatically by early symptoms of DR, as stated by Kahai
et. al. [29].
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(b)

Fig. 5: Noise in fundus images [14] (a) RFI (b) CFIs green band

(a)

(b)

Fig. 6: FFA and digital CFI [20]

(a)

(b)

(c)

(d)

Fig. 7: Microaneurysm in CFI and FFA image: (a) illustration of CFI, (b) the macula region of colour fundus,
(c) FFA image, (d) the macula region of FFA image

(a)

(b)

Fig. 8: FFA and digital CFI [20]
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(b)

Fig. 9: Illustrations showing haemorrhages in CFI [2]; (a) CFI, (b) FFA Image

(a)

(b)

(c)

(d)

(e)

Fig. 10: Haemorrhages in CFI [2]; (a) absence of DR image, (b) NPDR image- Mild, (c) NPDR image- moderate,
(d) NPDR image- severe, (e) PDR image
Stages of DR
Absence of DR
Slight NPDR
Modest NNPDR
Extreme NPDR

PDR

Criteria
Usual images without any
abnormalities
MAs only.
Substantial MAs, hard/soft
exudates and Haemorrhages
Any one of them. MAs in all
of four quadrants
Any one of them, Pre-retinal
Haemorrhages, Formation of novel
blood vessels at in a different place
(NVE) or disc (NVD).

TABLE 1: Grading scale of international DR [27][28]
Sinthanayothin et. al. [21] proposed an algorithms
for detecting the number of exudates for early monitoring of DR. Later, another technique was suggested
on the basis of detecting haemorrhages and microaneurysms by Hasen et. al. [31] and Larsen et. al. [30].
After them, a suitable method designed by Usher et.
al. [32] for early detection of DR based on observing
all three pathologies (microaneurysms, haemorrhages
and exudates).
7.1 Haemorrhage and Microaneurysm Based DR
Detection
Baudoin et. al. [33][2], on the basis of observing the
microaneurysms from FFA images, proposed the auto-

mated detection of associated eye diseases. Spencer et.
al. [34] later employed the morphological methods, i.e.,
top hat transform in order to calculate patient’s microaneurysms. In an extension to Baudoins research,
utilization of match filtering joint operation technique,
the microaneurysms of patients can be attained and
top hat along with region growing. Another suitable
method was projected by Walter et. al. [35] based on
bounding box closing among top hat transform. As an
alternative of utilizing a linear structural constituent
with top hat transform, this method provided better
results than Spencer et. al. [34]. For DR detection,
apart from usage of morphological procedure, a novel
technique to detect retinal pathologies based on the
neural network was designed by Gardner et. al. [36].
Gardner’s technique effectively worked on colour fundus image. Afterwards several techniques were proposed by various researchers [32][32][37]. The techniques of categorizing blood vessel network by using
circular region increasing along with neural network
were suggested by Usher et. al. [32].
Later on, Grisan et. al. [38] recommended a different novel technique with local spatial density based on
group analogous pixels. Garcra et. al. [39] customized
his own suggested method by utilising the mechanical feature variety and sorting steps. Another new
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idea was presented by Chutatape et. al. [40][41] to
detect retinal microaneurysms on major component
study. Later, Quellec et. al. [42][43] utilised template
matching PCA to detect retinal microaneurysm. The
efficiency of different techniques is elucidated in Table
2-4.
7.2 DR Detection Based on Hard and Soft Exudate
Initially, the hard and soft exudates were detected using thresholding technique. Wang et. al. [61] initiated
the thresholding and shade correction method based
semiautomatic exudate detection, but the thresholding
requires user interaction. The previous structure was
improved by Philips et. al. [62] and Zheng et. al. [63]
with introduction of dynamic thresholding technique.
The technique proposed by Philips et. al. [62] relies
on the detection by global thresholding techniques
of large, high-intensity areas of color-fundus image.
Alternatively, the local threshold technique in blockwise order was used to section the smaller exudates.
The Philip’s technique was a better way to detect pixels of exudate although provided numerous
false positives. Zheng et. al. [63] implemented the
local-neighboring exudate detection system alongside
dynamic block-wise thresholding approach to resolve
the false positive detection. The method for detecting
exudates was suggested by Goldbaum et. al. [64].
Their technique was dependent on matching template
alongside edge detection. This method was applied
to image by positioning the benign lesion of image
and this bright lesion was considered as exudates.
Later, Goldbaum et. al. [64] customized its method
by properly administered statistical pixel-based lesion
arrangement rather than by using the template matching method to locate benign lesions.
Wang et. al. [61] used the related prototype along
with the discriminating minimum distance classification to categorize the Benign Lesion in two categories,
known as hard and soft exudates. The technique of
identifying Benign Lesion as exudates using alternative approaches to the non-uniform correction factor
for illumination was later enhanced by Sanchez et. al.
[65]. Table 4 and 5 show the different methods recorded
for detecting exudates.
7.3 Foveal Avasculture Zone (FAZ) for Severe
Level of Diabetic Retinopathy
FAZ is one of the specific vision zones on the retina.
It does not contain any blood vessels in its macula
region [72]. Ibanez and Simo [73] were the first people
who observed the FAZ in FFA images. It is found
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that progression of the disease increases due to an enlargement of the FAZ [74][75][76]. Due to hypertension
and hemodynamic stress the tiny blood vessels around
the FAZ possibly gets damage. It causes to blocked
proper blood flow that affects the visual acuity [72].
The difficulty in graphic observation FAZ is that the
patient can go through an oddly puffed-up FAZ in
comparison to a patient with average vision [77].
The enlargement of FAZ has an effect that is apparent in colour-fundus images [78], which were previously
seen in FFA images [77]. In the FFA image, the FAZ
area has been determined utilising the Bayesian statistical techniques or thresholding methods dependent
on the Sobel edge detectors as well as morphological
operators [79]. The teams comprising H.A. Nugroho
and Lila Izhar et. al. [78][80] worked on determining
the FAZ area in CFI to overcome the usage of invasive
technique. The method to study FAZ was developed
by Lila Khar et. al. [80] relied on reconstruction and
vessel extraction for DR grading and attained 92.2%
accuracy.

8 Retinal Fundus Image Ehancement Methods
Observation of fundus images is a challenging assignment due its noise along with varying low contrast
problems. Without first resolving these problems, numerous researchers have contributed towards detecting DR. Since each retinal fundus image dataset has
different problems, the enhancement procedure must
provide the necessary application operations. To make
a good upgrade, most medical images require contrast
normalisation, contrast enhancement and noise removing processing of images. Owing to the variance
of the light, contrast normalisation is a critical step
for medical images, and small small in medical images are hard to distinguish. Therefore, methods of
contrast enhancement have portrayed an vital role in
enhancing the objects that are limited low-contrast.
Noise impacts the quality of image, therefore, it is
important to eliminate noise and gain more accurate
image information in order to achieve improved image
quality. Medical images for early disease diagnosis are
analysed for clinical use such as retinal [6], MR [81],
fluoroscopic [82], and microscopic images [83]. It is
important to support doctors with a digital image
processing system to accurately interpret image data.
Because of these two challenges, the methodology of
medical image enhancement can be divided into following three groups.
1) Normalization technique for different contrast
medical images
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Method
Quellec et. al. (2008) [42]
Quellec et. al. (2008) [42]
Quellec et. al. (2008) [42]

Sensitivity
90%
94%
90%

Specificity
90%
92%
89%

Quellec et. al. (2006) [43]

88%

96%

Cree et. al. (1996) [44]
Frame et. al. (1998) [45]
Ege et. el. (2000) [46]
Hipwell et. al. (2000) [47]
Hipwell et. al. (2002) [47]
Yang et. al. (2001) [48]
Walter and Klein et. al. (2002) [49][70]
Walter et. al. (2002) [50]
Pallawala et. al. (2005) [51]
Fleming et. al. (2006) [52]

82%
84%
69%
43%
81%
80%
86%
89%
93%
85%

84%
85%
Not Provided
Not Provided
93%
90%
Not Provided
Not Provided
Not Provided
83%

Bhalerao et. al. (2008) [53]

83%

80%

Giri Babu Kande et. al. (2010) [54]

100%

91%

Zhang et. al. (2010) [55]

71.30%

Not Provided

Akara Sopharak et. al. (2011) [56]

81.61%

99.99%

Gowthaman et. al. (2014) [57]

91.12 %

95.43%

Raju S. Maher et. al. (2015) [58]

94.86%

95.6%

Eftal Sehirli et. al. (2015) [59]

69.1%

99.3%
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Database
120 FIs
120 FIs
120 FIs
Manually Sectioned
FIs Database.
20 FIs
20 FIs
134 FIs
102 FIs
102 FIs
46 FIs
05 FIs
21 Annotate FIs
102 FIs
71 FIs
DR Database 1 (DI- ARETDB1)
Database.
DIARETDB1, Structured study
of the Retina (STARE)
DIARETDB1 Databases, Retinopathy
Online Challenge (ROC)
45 Non-dilated FIs
DIARETDB, Digital RIs for Vessel
Extraction (DRIVE)
DI- ARETDB0, (Diabetic Retinopathy
Database 0)
113 FIs

TABLE 2: Existing microaneurysm automated detecting algorithms. Note: The images incorporated in this
table are listed without the name of database indicating that authors use their own databases instead of the
public databases available

Method
Gardner et al (1996) [36]
Zhang et al (2005) [40]
Ege et al (2000) [46]
Hatanaka et al (2008) [60]
Hatanaka et al (2008) [60]

Sensitivity
0.74
0.90
0.83
0.85
0.80

Specificity
0.74
Not Provided
Not Provided
0.21
0.80

Database
ROC Database
35 FIs via Singapore National Eye Centre
134 FIs
A training dataset of 20 F.
A training dataset of 125 FIs.

TABLE 3: Performance of accessible haemorrhages automated detection algorithms. Note: The images
incorporated in this table are listed without database name indicating that own databases are used by authors
instead of the public databases available

Method
Niemeijer et al (2010) [1]
Sinthanayothin et al (2003) [16]
Grisan and Ruggeri et al (2007) [38]
Garcia et al (2008) [39]
Niemeijer et al (2000) [61]

Sensitivity
30%
78%
94%
100%
100%

Specificity
Not Provided
89%
Not Provided
60%
87%

Database
ROC database
771 FIs
A database consisting 60 annotated FIs
100 FIs
54 FIs

TABLE 4: Performances of accessible automated detecting algorithms for microaneurysm and haemorrhages.
Note: The images incorporated in this table are listed without database name indicating that own databases
are used by authors instead of the public databases available
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Method
Zhang et al (2005) [40]
Ege et al (2010) [46]
Niemeijer et al (2007) [66]
Garcia et al (2008) [39]
Niemeijer et al (2000) [61]

Sensitivity
88%
80%
70%
100%
100%

Specificity
84%
Not Provided
93%
60%
87%

177

Database
30 Training FIs
134 FIs
300 FIs
100 FIs
54 FIs

TABLE 5: Performance of soft exudates automated detecting algorithms. Note: The images incorporated in this
table are listed without database name indicating that own databases are used by authors instead of the public
databases available
Method
Sinthanaya et al (2003) [16]
Gardner et al (1996) [36]
Ege et al (2000) [46]
Walter et al (2002) [49]
Phillips et al (1993) [62]
Osareh et al (2004) [67]
Osareh et al (2009) [68]
Sivaswamy and Ram et al (2009) [69]

Sensitivity
89%
93%
99%
93%
87%
90%
94%
72%

Specificity
100%
93%
Not Provided
92%
Not Provided
89%
92%
Not Provided

Ravishankar et al (2009) [70]

95%

91%

Xu and Luo et al (2009) [71]

88%

80%

Database
771 FIs
ROC Database.
134 FIs
21 Annotate FIs
Not Reported.
67 FIs
300 FIs
Dataset - DIARETDB1
STARE, DRIVE, Diaretdb0
and Red Atlas databases.
Database of 50 FIs - Beijing
Tongren Hospital

TABLE 6: Performances of accessible hard exudates automated detection algorithms. Note: The images
incorporated in this table are listed without the name of database indicating that authors use their own
databases instead of the public databases available

2) Image enhancement techniques for images with
lower contrast
3) Image enhancement techniques for images with
lower and different contrast
8.1 Contrast Normalisation Techniques
Normalization technique for varied contrast medical
images are further categorised into following two types
[84]: i) prospective contrast normalisation, and ii)
retrospective contrast normalisation. For the modification of the varied contrast correction, prospective
contrast normalisation methods need an acquisition
procedure. It is also known as the technique of calibration. Whereas, in the processed image, retrospective
forms depend on the specifics and make some conclusions about the image setting and can be used for the
necessary applications [85]. In general, only the varied
contrast trouble for system failures can be handled
by practicable approaches. However, in retrospective
approaches, most of the techniques for contrast normalisation are developed intensively. These are alluded
to in Table 7.
8.2 Techniques of Contrast Enhancement
Techniques for image enhancement are classified in two
classes for lower contrast images: i) choosing from either spatial domain image enhancement methods, and

ii) frequency domain image enhancement techniques.
Spatial domain methods are based on the process of
contrast enhancement for modifying the histogram of
the processed image and consequently and perform the
process of enhancement in image’s frequency domain
[90]. Table 8 shows some of the widely used enhancement methods for low contrast images.

8.3 Contrast
Techniques

Enhancement

&

Normalisation

The problem of low and varied contrast images could
be dealt using the combination of image enhancement and image normalization techniques. Several
researchers analysed these approaches on various medical images, but much of the work of the researchers
involved enhancement techniques on the image of the
retinal fundus or any medical image. At first, RFI necessitates to be normalised and later enhancement was
done to solve the image’s contrast problems. Toufique
et. al. [95] proposed the method to overcome the varying low contrast issue. They applied their method to
the retinal RFIs. A strong contrast enhancement factor
of 5.38 was successfully obtained on retinal model
images relative to the typical contrast enhancement
factor on the FFA system at 5.79. However, improvement is still required for commercialized used.
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Methods

Merits

Basis of Segmentation [81]

Provide better contrast normalization
by choosing the classes of objects that
are explicitly modelled

Filtering [86]

Quick Execution. Speedy process and
well performed

Producing objects (formation of edge effects).

Surface Fitting [87]

Well executed if the image’s homogeneous
areas are distinctive and broad

During extrapolation, assessment of a varied
contrast region via concentrations of one main
region may source to some contrary information

Statistical Model [88]
Retinex [89]

Demerits
The assumption that a mixture of normal
distribution for a set of specifically modeled
classes achieves the distribution of image
intensity is mostly not valid for pathological
image data

In object classes no model is required for its
insensitivity to pathological data and completely
automated procedure
Increase image detail Increase image contrast
with even radiance and also minimize noise

Time of computation and efficiency of convergence
because of its iterative optimization
The image size must be in the power of two

TABLE 7: Normalisation methods for varied contrast
Methods
Linear Contrast
Stretching methods [90]
Spatial Filtering [91]
Global Histogram
Equalisation [91]
Local Histogram
Equalisation [92]
Wave-let based
Multi-Scale [93]
Independent Component
Study (ICA) [94]

Merits
Well-performed improvement, simple
to execute, by extending those histogram
values but must be bimodal
Using more local image information allows
image details to be enhanced
Efficient for low contrast image enhancement
if one or two distinctive objects are included in
the image
Improve the local contrast of the image and
produce more image detail
Selectively improve or degrade image
characteristics of significance at various
levels of resolution
ICA describes hidden variables called as
non-Gaussian and independent statistically
as the autonomous constituents of processed data

Demerits
Due to the probability of getting different
values in the output image, the right value is
lost in the processed image
Ringing objects and noise due to noise
enhancement and high contrast image
improvement
Enhanced image, resulting in unnecessary
visibility loss in objects with a high peak
in the histogram
The creation of noise and objects
The wave-let transform results are
not any longer shift invariant
The number of sources calculated is
not included in the order

TABLE 8: Enhancement methods for low contrast images

9

Issues of Noise in Medical Images

The variation in the brightness and colour information
in the image is the indication of image noise. It most
occurs due to the electronic circuitry of the digital
camera. The Foremost objective of denoising is to
improve the quality and maintain image details [96].
Before applying any denoising method, it is significant
to know the nature of noise. There are many types
of computer vision-based image processing techniques
randing from linear image processing method to nonlinear image processing methods. There are different
noise reduction schemes. Each of the schemes has its
merits and demerits [97].
The characteristics of the noise in the medical
image modality depend on the operating theory of
the image modality, as defined in Figure 11. Medical
images are seen in Figure 11. X-ray images are distorted by noise, hence the details of the image cannot
be easily seen. Likewise, due to noise, ultrasound and

MRI images are impaired. The detection of such images is based on the origins of the devices’ retrieval
process. For instance, due to the intrinsic features of
coherent imaging, an ultrasound image incorporates
speckles or multiplicative noise. Noise occurred due to
the performance of image sensors such as the digital
camera is affected by illumination other environmental conditions during the acquisition process. Images
obtained from CCD camera are affected due to light
levels, sensors temperature and internal circuitry electronic noise [90].
9.1

Effect of Noise in Retinal Fundus Images

In the RFI with contained noise, as shown in Figure
11, it was tough to analysis blood vessel network. Especially, it is important to analyse blood vessel within
the macula. The noise can also be found in green band.
For the sake of observation, different regions of green
band’s image were cropped. The observation depicts
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that the blood vessels could not be seen clearly due to
the noise. This discovery has shown that any improvement and extraction of the blood vessel procedure is
compromised without reducing the noise from the RFI.
A fundus camera has a complicated optical design and
comprises two lighting mechanisms according to the
basic feature of the fundus camera: the flash tube and
the photo detector (camera circuitry) [98]. Due to the
speckle flash or iteration of the patient’s eye and a Fundus camera flash, noise in the RFI can be multiplicative. Due to the circuitry of the camera electronics,
additive noise is also present since no digital image is
a free addictive because it is recorded by cameras and
noise is created by camera circuitry. Timothy et. al.
[99] first clarified the study of the presence of noise in
RFIs and also explain the effect of noise in fundus auto
fluorescence imaging. The FFA image was processed
by them and these data were collected by intrusive
techniques. They only suggested the presence of noise,
but did not clarify the existence of the noise in the
FFA images. The literature shows various researchers
have worked on RFI, but only focusing enhancement
and detection in pathologies.
9.2

Denoise Approaches for Medical Images

Denoising is still one of the challenging issues because
some techniques produce blurring and artefacts after
denoising. Spatial filters are used which are either
linear or non-linear filters. It is not possible to compute
non-linear spatial filters only by using weighted sum.
In order to calculate non-linear filters, various other
operations such as square root, log, selection and sorting are applied. Median and weighted median filters
are some examples of non-linear filters. In comparasion
to the linear spatial filters such as non-linear Lee
filter, Roberts filter, and Kirschs template filter, the
application of non-linear filters is not easy. Compared
to linear filters, non-linear filters can smooth with less
blurring edges and can sense edges simultaneously at
all orientations, but can be sluggish to compute. Any
of the domain filtering transformations was directly
used to suppress noise [100].
A signal can be made noise free by finding out a
domain using transform domain filtering. There are
three techniques of transform-domain filtering named
as frequency transform, short frequency transform and
wavelet transform that is utilised for the purpose of
image denoising [100]. The frequency domain analysis can be analysed by using the Fourier transform
analysis. The information of spectrum varied with
respect to time cannot be provided by Fourier transform. To overcome such limitations, the Short Time
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Fourier Transform (STFT) was proposed. It provides
the signal observation with respect to both time and
frequency. It contains a time window function and
the window length is used to determine the time
and frequency parameters. Hence, it requires a fixed
time. In order to overcome this constraint, the wavelet
transform was proposed for analysing the signals with
different resolutions at different frequencies [101].
Chang et. al. [102] produced the novel method
of de-noising by using the median filter with thresholding and their comparative study of other methods
achieved a better performance. Folke et. al. [103] designed another approach of denoising based on combined operation of median and wavelet filters. However, it is one of the drawbacks of cascaded two filters
for single task of noise removal. Smoothness in images
was achieved by median filters [104] and objects are
produced by wavelet. Owing to its high frequency coefficient, image detail vanishes because of smoothness
of median filter [105][106].
Over the last decade, deionizing methods have
been suggested on the subspace image structure.
Among thes methods are the Least Squares (LS) and
the Minimal Variance (MV) [107], which are based
on the original image’s Singular Values Decomposition
(SVD) or covariance’s Eigen Decomposition (ED). In
order to minimise the distance between the signal
subspace and the noisy image, they isolate the noise
subspace from the signal subspace and use this information. At the risk of signal interference, the smallest
squares and the minimum deviation gain substantial
improvement in image de-noising. A novel subspace
technique for monitor signal distortion as well as noise
reduction has been proposed in recent times. This
approach is an extension of the time-domain limit
estimator of Van Trees et. al. [108] to two-dimensional
signal constraints (image). The solution is suggested
by Nidal Kamel et. al. [109].
Ephraim and Van have proposed the approach of
signal subspace for the speech enhancement application. There was an extensive research work done on
speech enhancement application and they introduced
different techniques. The Time-Domain Constrained
(TDC) estimators are one method is used for speech
enhancement to handle noise and distortion level of the
signals. The basic concepts of TDCE are dependent
on the decomposition of noise subspace and signal
subspace. It worked successfully to reduce the noise
and control the signal distortion while minimised simultaneously [110]. Table 9 contains details of various
denoising techniques explaining their strength and
weakness.
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Fig. 11: Noise in the medical images [8]; (a) X-Ray, (b) ultrasound image, (c) MRI brain image

not provide fruitful results of segment blood vessels.
The tram line filters are non-linear filters that are
proposed to achieve the accurate results of blood vessel
segmentation either on healthy images or unhealthy
images [118]. Using running kernel as structuring elements causes difficulty of fitting the pathologies and
mostly twisting blood vessels. The match filters do not
produce any distortion, but they require the binary
thresholds identifying the vessels and non-vessels of
the image.
Fig. 12: An intensity profile of retinal blood vessel [117]

10

Retinal Blood Vessel Segmentation

For diagnosing of proper order, retinal vessels are
the very important assessment for observation disease level. The retinal vascular network suffers from
varying low contrast in between the RFI’s background
and blood vessels. Proper segmentation technique is
required to maintain contrast amid the retinal blood
vessels and background [114]. There are many techniques to section the retinal blood vessels. Some of
them are elaborated below.
10.1

Matched Filters for Vessel Detection

The blood vessels segmentation through match filters
mostly depends upon the two-dimensional linear structural elements and it is known as a kernel. Kernel
has Gaussian-based derivative profile for identification
of blood vessels cross section profile [115][116][117]
(Figure 12). The kernel of the matched filter is rotated
in a different orientation and usually it has 12 or 8
orientation to appropriate in the vessels of different
structures. The image binarizations based on threshold
are used to segment suitable vessels image. Accurate
blood vessels are achieved through this concept, but
the image of unhealthy or severe level DR patients does

10.2 Vessel Tracking for Retinal Vessel
Neural network was one method used for segment
retinal vessels and it gave better results as compared
to other proposed method [123]. Initially, the neural
network is proposed for detection of the edge of retinal
image and PCA was applied as pre-processing steps in
order to manage the image’s background noise [124].
Sinthanayothin et. al. [124] proposed techniques of
detection of blood vessels and their method provided a
success rate of 99.56% on the trained data and 96.88%
on the validation data with an overall performance of
83.3% sensitivity and 91% of specificity.
10.3 Neural Networks
The neural network was one method used for segment
retinal vessels and it gave better results as compared
to other proposed method [123]. Initially, the neural
network is proposed for detection of the edge of retinal
image and PCA was applied as pre-processing steps
in order to manage the image’s background noise
[124]. Sinthanayothin et. al. [124] proposed a technique
for the detection of blood vessels and their method
provided the success rate of 99.56% on the trained
data and 96.88% on the validation data with an overall
performance of 83.3% sensitivity and 91% specificity.
10.4 Morphological Processing
Blood vessel segmentation is not an uphill task, but it
is a really good work to detect accurate and proper
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Fig. 13: Tracking process of retinal vessel grey scale
image [119]

shape blood vessel. The morphological image processing techniques are playing an imperative role in
the detection of perfect blood vessels in its good form.
There are two types of structural elements that are
used in morphological image processing techniques: i)
added (it is known as dilation morphological, structural element), and ii) subtract (it is known as erosion
morphological, structural element). To maintain the
proper shapes of the image vessels, opening and closing
morphological techniques are utilized for detection of
proper forms of retinal blood vessels [125][126]. The
Table 10 illustrated different technique for blood vessels extraction.

11 Automated
Retinopathy

Detection

of

Diabetic

There is a rapid development in computerised detection system of DR and other eye related disease over
last three decades [141]. Lee et. al. [142] invented the
computerized system for primary analysis of the red
retinal injury and evaluated system results against
FFA images. Following subsection explains the different computerised detection system for related eye
diseases. The study of DR reported that 3.6% of
youngsters suffering from type-1 diabetes, and 1.6% of
old people suffering from type-2 diabetes were reported
as legal blind [141]. Figure 10 showed the different
pathologies and other alteration of veins in retinal
image. The key pathologies of DR are haemorrhages,
hard and soft exudates, microaneurysm, and blood
vessels in macula region [143][144][145].
11.1

Detection Methods of DR

The Bayesian statistical method is utilized in the DR
images for identification of lesion and non-lesion to
categorize the lesion and non-lesion pixels [61]. Wang
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et. al. [61] achieved an outstanding 100% accuracy in
detecting the lesion in irregular retinal images and
precision of 70% in ordinary retinal images [61]. The
neural network multilayer technique has been used to
categorize typical retinal images and other phases of
DR images [16]. Samuel et. al. [146] provided 80.21%
sensitivity and 70.66% sensitivity to the lesion and
non-lesion identification system dealing with DR images. In terms of exactitude, it was their system’s
notable achievement that 81.7% results are attained
on the server and PDR phases of DR images.
A method proposed by Singalavanija et. al. [147]
for the investigation of DR images for detection of exudates, microaneurysms and haemorrhages gave a sensitivity of 74.8% and precision of 82.7%. This method
introduced a novel definition of grading DR by differentiating it and safe retinal images. AfterwardsKahai
et. al. [148] suggested a DR monitoring and decision
support system which was utilized alongside Bayes
optimal classification method to classify pathologies,
particularly microaneurysms. This was a successful
method in DR grading with sensitivity of 100% and
specificity of 67%. Wang et. al. [149] suggested a
different early-detection approach for DR and used
the categorization of DR images into levels. A neural
network had been used to assess disease progression.
90% sensitivity, 100% precision with 84% accuracy
was achieved through their process. A new technique
for identifying stages of DR was given by Nayak et.
al. [150] and their neural network-based technique to
determine the texture parameters of the retinal image
part of the exudates and the blood vessels. They
achieved 93% accuracy with sensitivity of 90% and a
100% specificity.
The vector support mechanism was used by
Acharya et. al. [151] to recognize the DR stages and
achieved accuracy and sensitivity of 82%, and 88%
specificity. Their method to train data for validation
purposes and the program was able to categorize
the unidentified classified data into different stages of
DR with an 82% accuracy, 82% sensitivity and 86%
precision. Nicolai et. al. [152] presented the screening
method of DR and validated their program with a
number of patients suffering from any stage of DR.
Usher et. al. [32] subsequently suggested another DR
screening method and obtained a higher patient-based
sensitivity of 95.1% of DR detection with a precision of
46.3%. Neubauer et. al. [153] suggested a DR screening
system reliant on optical disk and retinal thickness
analysis. Their system achieved a sensitivity of 93%
at stages of PDR together with all stages, and a
specificity of 100% in other situations.
Lee et. al. [154] suggested a software-based DR
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Methods of Denoising

Merits

Mean Filter

Easy implementation

Median Filter [17]

Easy implementation

Wiener Filter [111]

Local filtering is carried out
and the noise is eliminated while
still retaining the contrast

Wave-let Transform [112]

In both time and frequency,
signals can be detected.

Least Squares Estimator (LSE) [105]
The Minimum Variance
Estimator (MVE) [113]

Offer more appropriate results of
noise reduction compared to the
domain of Spatial and Transform
Far greater control when combined
with LSE over signal distortion
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Demerits
Loss of image data due
to image blurring
Lose the image details
due to image blurring
The Wiener filter makes
the image smooth and image
information are lost due to
its smoothness
Generate objects. The results
of the transformation of wavelets
are no longer invariant changes
The LSE cannot control the
distortion of signals
MVE can’t control the
distortion of the signal

TABLE 9: Comparison among image denoising methods

grading system and a method of classifying DR
by three kind of lesion, i.e., haemorrhages, microaneurysms, and exudates. In this method, two datasets
were used out of which one included 430 images. Their
device recognizes haemorrhages with 82.6% accuracy,
microaneurysms with 82.6% accuracy, and exudates
with 88.3% accuracy. Certain sets held for 85.3%
haemorrhage recognition and 87.5% and 93.1% of
microaneurysms and exudates on 361 images. Philip
et. al. [62] suggested another DR screening method.
Their classification was focused on illness with no
disease detection resulting in sensitivity of 90.5% and
specificity of 67.4%. Estabridis et. al. [155] suggested a
DR screening mechanism reliant on the identification
of specifications, i.e., FAZ, retinal vascular network
and pathologies. They achieved 90% accuracy. Li et.
al. [156] proposed a screening method DR using color
RFIs with sensitivity of 80.5% and 90.8% positive
prediction values on all DR stages. Abramoff et. al.
[157] evaluated the screening of the proposed DR
system with a sensitivity of 84% and a specificity of
64% on the very large amount of database. A support
machine classifier along with its higher order spectra
features was used to classify the stages of DR with
82% accuracy. Vujosevic et. al. [158] suggested a single
pathology detection method for the grading of clinical
DR and stages of PDR from color fundus images with
82.1% sensitivity and 92.5% specificity for DR grading.

12

Conclusion & Future Work

Continuous diabetes forms the structure of various
pathologies, but in majority of cases, first microaneurysms were formed and then exudates as well as
haemorrhages followed. The significant significance to
prevent vision loss is earliest detection of DR. Early

detection can be detected easily by microaneurysm
identification and the FAZ field analysis. This review
gave a detailed description of different research areas
related to the analysis of related eye diseases from
RFIs. We explained different image enhancements
methods along with their merits and demerits. Our
analysis will help the researchers to select the suitable image enhancement methods. We also explained
various deionising methods along with their strengths
and weaknesses which will help researchers to select
suitable denoising methods for medical images as fundus images and general images also. In addition, we
also explained different methods of detection of blood
vessels for early detection of related eye disease. Many
researchers work on vessel extraction from fundus
images; we described each method along with their
performance and limitation. Many researchers will get
help from this review for proposing a novel method for
retinal blood vessel extraction.
According to the crucial review of the abovementioned specific research areas related to color fundus image analysis, it is obvious that a fully automatic
DR grading system which gives the most accurate detection results is required. In this regard, it is initially
important to use fully automatic and novel methods
to detect blood vessels, even the tiny blood vessels,
to improve the efficiency of the automatic mechanism.
As we explained, blood vessel identification provides
the indication of progression of the disease since DR
progresses with vessel variability.
Another purpose of this study is to analyse different algorithms for automatic detection which is an
important requirement to improve or develop robust
algorithms for DR monitoring at the premature stage,
as early detection of eye diseases can be helpful to save
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vision.
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