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Performance of Lagoons in Sewage Treatment in Fort Portal Municipality,
Western Uganda
Richard Rubongoya1 , Clement Nyakoojo2,* , Aliyu Abubakar Shehu3
1
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7062, Kampala, Uganda.
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Department of Plant Sciences, Microbiology & Biotechnology, Makerere University, P.O Box 7062, Kampala, Uganda.
3
Save the Nature Foundation, Sokoto, Nigeria.
*
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Abstract
In January - April 2018, a study was conducted to assess the efficiency of the waste stabilization ponds at
the Kabundaire Sewage Treatment Plant located in Fort Portal Municipality, Western Uganda. Physico-chemical
and microbiological parameters were measured in the influent and effluent of the lagoons using standard limnomicrobiological procedures. At the influent site, the mean values (mgl−1 ) of TSS, TDS, BOD, DO, N H4 − N ,
N O3 −N , TN and TP were 1097.9, 920.0, 891.4, 2.40, 150.0, 0.25, 703.2 and 24.3 respectively. The mean values of
turbidity, temperature, EC, pH and TFC were 69.6 NTU, 22.4◦ C, 3139.6 µScm−1 , 7.8 and 1.19 × 107 CFU/100 ml
respectively. At the effluent site, the mean values (mgl−1 ) of TSS, TDS, BOD, DO, N H4 − N , N O3 − N , TN and
TP were 389.0, 465.8, 120.8, 0.34, 49.9, 0.08, 48.7 and 15.4 respectively. The mean values of turbidity, temperature,
EC, pH and TFC were 12.2 NTU, 20.9◦ C, 1364.7 µScm−1 , 8.17 and 4.51 × 105 CFU/100 ml respectively. Most
of the parameters were above permissible limits for discharge of effluent proposed by the National Environment
Management Authority (NEMA). The poor performance of the facility was attributed to population growth and
lack of maintenance.
Keywords—Efficiency, Fort Portal, NEMA standards, Kabundaire, Lagoons
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1

Introduction

S

ewage is a complex mixture of natural organic
and inorganic materials in addition to anthropogenic compounds [1]. Most of the carbon compounds
in sewage are carbohydrates, fats, proteins, amino
acids and volatile acids. Proteins and carbohydrates
are biodegradable contaminants which constitute 90%
of the organic matter in domestic sewage. The sources
of these biodegradable contaminants include excreta
and urine from humans; food wastes from sinks; soil
dirt from bathing, washing and laundering; plus various soaps, detergents and other cleansing products [2].
The inorganic components include sodium, calcium,
potassium, magnesium, chlorine, sulphur, phosphate,
bicarbonate, nitrogen species and phosphorus species
[3]. The presence of heavy metals in sewage has also
been confirmed [4]. Because of their polluting effects,
the components of sewage should be reduced by treatment before it is released to the environment [5].
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

Most sewage treatment systems depend on aerobic and
facultative anaerobic microorganisms (mainly bacteria
and algae) that utilize the raw organic material as
a carbon and energy source during their growth and
reproduction [6]. As a result, these microorganisms
decompose the organic fraction into simpler, lesstoxic compounds and destroy pathogenic microorganisms. The most common and convenient method for
treating sewage at wastewater stabilization plants in
developing countries is based on the use of waste
lagoons systems [7]. Conventional wastewater treatment consists of a combination of physical, chemical,
and biological processes that remove solids, organic
matter and, sometimes, nutrients from wastewater [8].
General terms used to describe different degrees of
treatment, in order of increasing treatment level, are
preliminary, primary, secondary and tertiary and/or
advanced wastewater treatment [9]. The assessment
of the performance of lagoons in the management
of wastewater has been a focus of investigations by
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several authors [10][11][12]. In Uganda, no assessments
are made on their efficiency although most towns in the
country rely on lagoons for sewage treatment. Such
lagoons suffer setbacks like poor maintenance due to
inadequate funding and mixing of industrial sewage
with domestic sewage [13].
The population of Fort Portal Municipality is increasing without corresponding expansion of the
Kabundaire sewage treatment plant that was designed
more than twenty years ago for the population at
that time. The effluent from the facility is discharged
into the Mpanga River System thus posing a potential
problem of contamination. Numerous large buildings
have sprung up resulting in increased wastewater discharge. This can cause overloading of the sewage treatment plant, which ultimately might result in decrease
in its treatment efficiency. The aim of the study was to
evaluate the performance of the ponds at the facility
in sewage treatment.

2

Material & Methods

The study was carried at the Kabundaire National
Water and Sewerage Corporation sewage treatment
facility in Fort Portal, a town located in Kabarole
District, Western Uganda (Figure 1). Fort Portal,
the main town in the district, lies approximately 320
kilometres, by road, west of Kampala. Fort Portal has
registered a steady population increase. According to
the 2002 national census, the population of Fort Portal
was about 41,000. The population was estimated at
54,275 in 2015 by the Uganda Bureau of Statistics.
The sewage plant relies on the wastewater stabilization
system that consists of aerobic, anaerobic/facultative
ponds and maturation ponds that are arranged in
series (Figuer 2). Sampling was done monthly for 4
months (January - April 2018) in the influent siteand
effluent site. Samples for laboratory analyses were
drawn from the two sites using sterile plastic bottles
and 250 ml BOD glass bottles. To avoid changes
in concentration and composition, the samples were
capped tightly and placed in cool boxes. All measurements were made in triplicates and the mean values
recorded. The effluent characteristics were compared
with the maximum permissible values set by the National Environment Management Authority [14].
Total suspended solids were determined by filtering100
ml of the sample through a dry, pre-weighed filter.
The residue retained on the filter was dried in an
oven at 105o C until the weight of the filter no longer
changed. The increase in weight of the filter was the
amount of the total suspended solids [15]. Turbidity,
temperature, electrical conductivity, pH and dissolved

2

oxygen were measured in-situ with appropriate meters
[16]. Total dissolved solids were determined by filtering
100 ml of the sample through a dry, pre-weighed filter.
The filtrate was dried on a pre-weighed evaporating
dish in an oven at 1800◦ C, until the weight of the
dish no longer changed. The increase in weight of the
dish was the amount of the total dissolved solids [15].
The biological oxygen demand was analyzed at the
National Water and Sewerage Corporation laboratory,
Fort Portal. Water was siphoned into 250 ml bottles
and fixed by using manganese sulphate and sodium
azide solutions. Initial dissolved oxygen concentration
was determined by using the Winkler method [17]. The
samples were incubated in the dark for five days at
20◦ C. BOD was calculated as the difference between
the initial oxygen concentration and the final oxygen concentration [18]. Samples for the determination
of ammonia-nitrogen, nitrate-nitrogen, total nitrogen
and total phosphorus were poured into 100 ml glass
bottles containing 4.5M sulphuric acid, fixed by adding
a few drops of 6M hydrochloric acid and kept in cool
boxes. The concentrations of nitrogen and phosphorus
were determined at the NWSC laboratory, Fort Portal
following the procedures of [16]. The membrane filtration technique (MFT) was used in the quantification
of faecal coliforms [19]. The analysis was carried out
at the NWSC laboratory, Fort Portal. Thet-test was
used to analyze the differences between the means of
the parameters in the two sites at the 95% confidence
level.

3

Results

Comparative characterization of the influent and effluent of the Kabundaire sewage treatment plant is summarized in Table 1. The removal efficiency was high for
turbidity, BOD, TN and TFC. It was low for TSS, EC,
TDS and TP (Figure 2). The concentration of TSS was
significantly higher in the influent (t = 2.871, p = 0.05)
with an average value of 1097.9 mgl−1 while the corresponding value for the effluent was 389.0 mgl−1 . The
turbidity for the influent and effluent was 69.6 NTU
and 12.2 NTU respectively. The two values did not
differ significantly (t = 1.384, p = 0.05). The difference
between influent and effluent temperatures was not
significant (t = 1.428, p = 0.05). The conductivity
was high in the raw sewage with an average of 3139.6
µS cm−1 . In the treated wastewater the conductivity
was 1364.7 µS cm−1 . The difference was not significant (t = 0.768, p = 0.05). The total dissolved
solids in the influent varied between 788.1 mgl−1 and
1155.1 mgl−1 with an average of 920.0 mgl−1 . The
total dissolved solids in the effluent ranged between
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Fig. 1: Map showing the location of the study area

Fig. 2: Arrangement of ponds at the Kabundaire
wastewater treatment facility.

397.3 mgl−1 and 561.3 mgl−1 . The solids differed significantly (t = 2.954, p = 0.05). The higher effluent
pH value was not significant (t = 1.127, p = 0.05).
It fluctuated between 7.5 and 8.2 with an average of
7.8 in the influent. It fluctuated between 8.1 and 8.3
with an average of 8.17 in the effluent. The average
concentrations of BOD for the sites were 891.4 mgl−1
and 120.8 mgl−1 respectively. The influent dissolved
oxygen was comparatively higher than the effluent
dissolved oxygen. However, the difference was not
significant (t = 1.373, p = 0.05).
The concentration of ammonia-nitrogen was higher in
the influent ranging from 128.2 mgl−1 to 208.4 mgl−1
with an average of 150 mgl−1 . The difference between
the concentrations in the two sites was significant (t =
3.102, p = 0.05). Variations of N O3 − N showed similarity to those of dissolved oxygen. Nitrate-nitrogen
concentrations were not detectable in several samples.
The influent had a higher concentration compared to
the effluent. The difference was statistically significant
(t = 3.654, p = 0.05). Total nitrogen was higher in the
influent site with an average value of 703.2 mgl−1 . The
corresponding value for the effluent site was 48.7 mgl−1
indicating a reduction of about 93.1%. TP was higher

Parameter

Influent

Effluent

TSS (mgl−1 )
Turbidity
(NTU)
Temperature (◦ C)
EC (µScm−1 )
TDS (mgl−1 )
pH
BOD (mgl−1 )
DO (mgl−1 )
N H4 − N (mgl−1 )
N O3 − N (mgl−1 )
TN (mgl−1 )
TP (mgl−1 )
TFC
(CFU/100 ml)

1097.9

389

Maximum
Permissible
Level
100

69.6

12.2

30

22.4
3139.6
920
7.8
891.4
2.4
150
0.25
703.2
24.3

20.9
1364.7
465.8
8.17
120.8
0.34
49.9
0.08
48.7
15.4

20-35
<500
1200
9-Jun
30
5
5
10
5

1.19 × 107

4.51 × 105

<400

TABLE 1: Comparison of influent and effluent characteristics of the Kabundaire sewage treatment plant
in the raw sewage with an average of 24.3 mgl−1 . In the
treated wastewater the TP was 15.4 mgl−1 representing a 36.6% reduction (Figure 3). Faecal coliforms were
higher in the influent. The minimum concentration in
the influent was 3.84 × 106 CFU/100 ml, while the
maximum concentration was 1.20×107 with an average
of 1.19 × 107 CFU/100 ml. Despite the evidence of a
high percentage reduction in the faecal coliforms, their
density was above the maximum permissible level set
by the NEMA.

4

Discussion

Because of the reduced flow rate suspended solids
are removed by sedimentation [20]. The process is
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Fig. 3: Removal efficiency of the Kabundaire sewage
treatment plant

facilitated by the action of the gravitational force on
the particulates. The high TSS concentrations of the
effluents can be attributed to the high TSS levels in
sewage that resulted in the inability of the system
to remove all the suspended solids [21]. Removal of
total suspended solids might have lead to decreased
turbidity in the effluent. The high efficiency of turbidity removal from sewage was also observed by [12].The
small range of temperature between the influent and
effluent is characteristic of aquatic systems in the
equatorial region [22]. However the temperatures of
the two sites are in a range that is ideal for bacterial
growth as noted by [23].
Reduction in the effluent conductivity may be a result
of uptake of the essential elements by microalgae.
Evidences of reduction of ions in wastewater due to
accumulation by algae have been provided by several
investigators [24][25][26]. However, the high conductivity value above the maximum permissible level suggests that the concentrations of major ions wasstill
high and that tertiary treatment is necessary in order
to reduce the ion load in the effluent [12]. Reduction of
total dissolved solids in the effluent may be attributed
to uptake of essential ions by algae and adsorption
[27]. Although a certain level of these ions in water is
necessary for aquatic life, the high values are harmful
because the osmotic flow of water into and out of the
cells of aquatic organisms can be interrupted [28].
The pH showed little variation although it was slightly
higher in the effluent. The photosynthetic activity of
the microalgae might have assimilated large quantities
of carbon dioxide leading to a slight increase in pH
of the effluent [29]. The microorganisms using oxygen produced by microalgal photosynthesis degraded
the organic matter into gaseous products like carbon dioxidethereby reducing the BOD in the effluent
[20].The high BOD removal percentage is consistent

4

with investigations by [7][8]. However, the high BOD
in the effluent above the maximum permissible level
is an indicator of organic loading [30]. Most of the
reduction in BOD of the final effluent from the lagoons
is attributed to algal uptake in the facultative ponds
[20].
Very low dissolved oxygen in wastewater might be
attributed to the utilization of the gas by bacteria in
the decomposition of organic matter in the wastewater [31]. The higher the organic matter loading, the
greater the oxygen deficit [32] because of the high
oxygen demand. Reduction of dissolved oxygen by
microbial-mediated organic matter degradation is a
common biological phenomenon [23]. The low amount
of ammonia in the effluent is attributed to uptake by
the microalgae [33]. It is the most preferred form of
nitrogen by algae especially blue green algae [17]. However, the presence of ammonia above the permissible
limits in the effluent is an indicator of contamination.
The implication is that effective nitrification has not
occurred during the wastewater treatment process.
Low oxygen conditions in the system could not favour
nitrification.
Heavy organic matter loading from raw sewage is
the primary cause of increased oxygen demand that
initiates an anoxic or low oxygen environment [33].
Following deoxygenation (due to rapid uptake of oxygen by sewage-degrading bacteria), many facultative
anaerobic bacteria like Pseudomonas, Archromobacter, Bacillus and Micrococcus use nitrate-nitrogen as
an exogenous hydrogen acceptor in the oxidation of
organic matter and denitrification occurs [34]. This
process depletes a significant proportion of nitratenitrogen and might have contributed to low nitrate
levels in the effluent. The influent had a higher concentration of nitrate-nitrogen because denitrification is
less efficient in the presence of some oxygen. Denitrification as a consequence of oxygen depletion in aquatic
systems has been documented by other authors [35],
[36]. Nitrate removal by algal uptake has also been
suggested [29].
Assimilation into algal biomass might have led to lower
total nitrogen levels in the effluent. An investigation
by [37] revealed the robustness of algae in removing N
from sewage thus improving its quality. High nitrogen
removal efficiency due to assimilation in algal biomass
has also been reported by other authors like [38].
Other mechanisms of nitrogen removal from wastewater include sludge deposition, adsorption by bottom
sediments, denitrification and loss of ammonia as a
gas to the atmosphere [8]. Despite lower phosphorus
levels in the effluent, TP was above the recommended
levels. A secondary effluent loaded with phosphorus
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concurs with the results of a research carried out by
[9]. Some authors have attributed high phosphorus
levels in effluents from sewage treatment plants in
Africa to insufficient treatment because of increased
urbanization and population which does not equate
to increase in wastewater treatment facilities [12][39].
High effluent coliform numbers in the range of those
revealed by this study have been documented [40].
The efficiency of disinfection of the stabilization ponds
was high (about 92.2%). This observation is consistent
with the results of an investigation by [20].

5

Conclusion

The study revealed that the Kabundaire STP is not
efficient in adjusting a number of parameters thus releasing a low quality effluent to the environment. This
is depicted by the fact that most of the parameters
analyzed were abovethe maximum permissible limits
of the NEMA standards.
The town has expanded thus increasing wastewater
discharge. This has probably caused overloading of the
sewage treatment plant, which ultimately resulted in
decrease in its treatment efficiency. Discharge of the
secondary effluent into the Mpanga River catchment
area is likely to exacerbate the problem of pollution
and increase public health hazards.
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Abstract
In this research article, we analyze the effect of curing methods on compressive strength of recycled aggregates
concrete prepared with 50% replacement of natural coarse aggregates as well as coarse aggregates from demolishing
waste. We prepare 30 standard size cubes in six batches. In all batches 1:2:4 mix with 0.45 water cement ratio
is used. One batch of the cubes is casted with all conventional aggregates. Five curing methods, i.e., water, air,
gunny bags, steam and waste water are used to cure the specimens for 28 days. Our compressive strength results
show that curing by gunny bags gives better strength results and helps in strength improvement of the recycled
aggregate concrete. It is further observed that the compressive strength of the proposed specimens with gunny bags
increases by 1.67% in comparison with compressive strength of conventional concrete specimens. Our experimental
study shows that the use of demolished waste as coarse aggregates in new concrete along with appropriate curing
method has promising results in terms of compressive strength.

Keywords—Green concrete, recycled concrete aggregates, curing types, compressive strength.
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1

Introduction

C

uring is one of the key parameters which helps
concrete to attain its design strength and reduces
the possibility of surface cracks. Any shortfall in this
process leaves the concrete with several issues during
the service life. Normally, standard water curing is
done by ponding on horizontal large surface elements
and by sprinkling on vertical members. Water used
for this purpose should be potable. Nevertheless, in
most of the areas, availability of potable water is either
difficult or expensive. Bore water in many areas is also
not usable for curing. Gray water and waste water
might contain material that may affect the concrete
properties.
On the other hand, growing population and migration
from rural areas to city centers have posed a problem
of accommodation everywhere in the world. To meet
this requirement, high-rise buildings are a good option.
But the space problem, particularly in city centers, is
another issue which needs to be addressed. A solution
of this problem is to demolish the old structures to
erect new high-rise buildings. Demolishing old structures results in potential quantum of the construction
waste. Although, type and quantity of this waste is
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

different from region to region, but it has posed serious
problems everywhere. Generally, this waste goes in
landfills near the city bounds, but the space problem as
mentioned earlier, forces the relevant persons to leave
the material either nearby the construction site or it
goes to cultivable space which in turn damages the
agriculture land. This process poses a serious issue in
a country like Pakistan, as agriculture is the back bone
of the country’s economy.
The best solution to deal with this type of waste is
using it in new construction. Although, good quantity
of this waste may be used in floors, footpaths, etc., but
the residual quantum turns out to be huge. Therefore,
using it in new concrete as coarse aggregate is one
of the best options to reduce its management and to
develop new material for concrete. The process not
only reduces the waste management, but also saves
the cultivable lands and the natural sources of the
aggregates. In addition, it also reduces the adverse
effects on the environment caused by quarrying of
the aggregates and reactions due to deposition of the
waste.
This research work investigates the concrete strength
using standard size cylinders cast with partial replacement of coarse aggregates from demolishing waste and
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cured with different methods of curing. The curing
of the specimens is proposed to be done by covering
with gunny bags, sprinkling water, using waste water,
steam curing and open-air curing. Additionally, specimens are cured by fully immersing in potable water.
These specimens are treated as control specimens. The
results of the proposed specimens are compared with
those of control specimens.

2

Literature Review

Usage of demolishing concrete as coarse aggregate
in fresh concrete has remained active since past
few decades. Different scholars around the world
have studied the material from different perspectives.
Memon et al. [1] reviewed the recent developments
about the use of the material. Recycling techniques
have considerable impact on the final strength of
concrete using it [2]. The properties of aggregates
and concrete at fresh and hardened states have also
been studied by the scholars. Old mortar attached
with the aggregates demands more water to ensure
workability of the concrete. Cracked particles, age,
construction environment affect concrete at both fresh
and hardened states.
Mechanical properties and elastic behavior of concrete
using demolishing waste [3] and flexural stress-strain
behavior [4] shows that the material has promising
effect on strength and elastic behavior when used in
new concrete.
Effect of curing on properties of concrete and alternative methods to improve the same has also remained
active area of research among the scholars. To this
end, Abel-Hey et al. [5] used different curing methods
to check the strength of recycled aggregate concrete.
The authors observed that curing by paint gives better
results than other methods of curing. Zhao et al. [6]
tested self-compacting concrete for analyzing effects
of initial curing and different curing conditions. The
test results revealed that at least 7-days water curing
is necessary for optimum strength of the product.
Compressive and tensile strength of self-compacting
concrete with fly ash and with silica fume under
different curing conditions have also been studied by
Yazicioglu et al. [7]. The test results of the specimens
cured for early, medium and standard (28-day) curing
showed that after standard water curing, air-tight curing condition gives better results than open-air curing
of the samples.
Weather conditions during concreting and curing also
contribute towards the final strength of the product.
Optimum weather conditions seldom exist, therefore,
either the timing of concreting is adjusted, or ad-
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ditional measures are used to ensure the least effects of weather on concreting. Nevertheless, curing is
a continuous process over certain period. Therefore,
weather conditions must be considered during the period. Effects of hot weather on strength and durability
of beam and slab models cast with OPC and silica
fume have been studied by Ibrahim et al. [8] by using
burlap covering and curing compounds. They initially
used water curing followed by curing compounds and
observed that initial curing period plays a vital role in
durability and strength of concrete. Zayed et al. [9] also
concluded that water curing gives best results for high
strength concrete reinforced with polypropylene fibers
and curing by different methods up to 90 days. On the
other hand, Al-Jabri et al. [10] used waste water from
car service stations in the production of high strength
concrete. The authors argued that although the pH,
TDS and other parameters of water were higher than
those of tap water, but they were in the same range
as specified by ASTM. In addition, the strength and
water absorption of 28-days cured samples were comparable with those of the control specimens prepared
with tap water. The effect of improper moist curing on
flexural strength of beams was studied by Raha et al.
[17]. The author reported that the strength can drop
by even 39% due to improper curing.
Effect of different curing conditions, i.e. standard water curing, curing in dry oven and curing at temperatures higher than room temperature was studied
by Wadatalla et al. [11] for high strength concrete.
The authors observed a good correlation between the
strength and other properties of the concrete for all
curing methods. In a comparative study on curing
methods [12], the authors used water, air and film
coating for curing and observed that water curing gives
good strength to concrete even if curing prolonged
up to 56 days. In a separate study by Akeem et al.
[13], density and strength of concrete were studied
under different curing conditions. Among six different
methods, authors observed weak correlation between
the parameters with air curing of the specimens. The
similar conclusion was made by Boakye et al. [14] for
compressive strength of pulverized coper slag concrete.
The authors also concluded that strength drop is
observed with increase in the dosage of coper slag.
Steam curing is one of the methods adopted for this
purpose and has been successfully used for pavers and
curb blocks. The same has been used by Ramezanianpour et al. [15] for 36 samples which resulted
in a good improvement in the strength. Based on
the observations, they introduced a curing cycle for
optimum strength for pre-cast industry. Liu et al. [16]
also observed an improvement in concrete strength
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(a) Large blocks of old concrete

(b) Recycled coarse aggregates
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(a) Ponding

(b) Open air

(c) Gunny bags

(d) Waste water

Fig. 1: Large blocks of old concrete, and recycled
coarse aggregates

with fly-ash when cured for 13-hour by steam curing.
From the literature review, it is obvious that a myraid
of research gaps exist. In addition, the effect of the
curing methods on green concrete developed with demolishing concrete as coarse aggregates has not been
well studied.

3

Material & Testing

The demolished concrete in the form of large blocks
was collected from the demolishing of two-story residential building situated in the downtown of Nawabshah city. These blocks were manually crushed to
obtain coarse aggregates of maximum size equal to
25 mm. Unwanted substances and cracked particles
were manually removed followed by washing of the
aggregates. Both natural and recycled aggregates are
then sieved in accordance with ASTM provisions to
obtain well graded aggregates. Water absorption and
specific gravity of both the aggregates are evaluated.
The obtained results are given in Table 1.
To cast the standard size cubes (150 mm × 150 mm ×
150 mm), ordinary Portland cement, natural coarse
aggregates, recycled coarse aggregates, and hill sand
are mixed in 1:2:4 proportion with 0.45 water cement
ratio. The natural coarse aggregates are replaced in
50% proportion, as the strength loss with this dosage
is least in comparison to conventional concrete [18].
Total 30 cubes were prepared in six batches as shown
in Table 2. Batch B1 was casted from all conventional
aggregates and treated as control specimens to check
and compare the results of other curing methods. The
cubes of batch B2 were cured in standard fashion by
fully immersing in potable water. The strength results
of the cubes cured in open air, by gunny bags, by
steam and by waste water are also compared with
the strength results of batch B2. After casting, the
cubes were cured by five different methods mentioned
in Table 2 for 28 days. Figure 2 shows the curing arrangement of the cubes. After the curing time elapsed,

(e) Steam

Fig. 2: Different curing arrangements

Fig. 3: Testing of the cube

the weight of the cubes were determined. All the
cubes were then tested in universal testing machine
for compressive strength by gradually increasing the
load till failure. Figure 3 shows the testing of a cube.
The weight and strength results of the cubes are given
in Table 3 - Table 8.

4

Results & Discussion

Test results of water absorption and specific gravity
presented in the previous sections are compared in
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SNO.

Material

1
2

CA
RA

Weight in
Water (gm)
690
676

Saturated
Weight
1114
1138

Oven Dried
weight
1097
1077
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Specific
gravity
2.63
2.33

Water
Absorption (%)
1.17
5.61

TABLE 1: Water absorption and specific gravity of aggregates
SNO.
1
2
3
4
5
6

Batch #
B1
B2
B3
B4
B5
B6

Recycled Aggregates (%)
0
50
50
50
50
50

Natural Aggregates (%)
100
50
50
50
50
50

No. of cubes
5
5
5
5
5
5

Curing method
Potable water
Potable water
Open Air
Gunny bags
Steam
Waste Water

TABLE 2: Details of cubes

#
1
2
3
4
5

Weight
(Kg)
8.94
8.842
8.876
8.82
8.817

Loading
(kN)
866.232
852.622
831.943
747.49
812.302

Compressive
Strength (Mpa)
38.2
39.1
37.5
35
36

#
1
2
3
4
5

#

1
2
3
4
5

Weight
(Kg)
8.94
8.842
8.876
8.82
8.817

Loading
(kN)
866.232
852.622
831.943
747.49
812.302

Compressive
Strength (Mpa)
38.2
39.1
37.5
35
36

Loading
(kN)
710.23
587.62
798.94
629.49
671.3

Compressive
Strength (Mpa)
31.2
29.1
30.5
28.8
27

TABLE 7: Batch B5

TABLE 3: Batch B1

#

Weight
(Kg)
8.709
8.552
8.517
8.596
8.467

1
2
3
4
5

Weight
(Kg)
8.94
8.852
8.74
8.632
8.871

Loading
(kN)
876.28
900.62
826.94
647.49
789.3

Compressive
Strength (Mpa)
38.76
35.97
36.5
35.87
35.33

TABLE 8: Batch B6

TABLE 4: Batch B2

#
1
2
3
4
5

Weight
(Kg)
8.334
8.123
8.453
8.543
8.123

Loading
(kN)
660.14
587.98
574.94
756.49
612.9

Compressive
Strength (Mpa)
30.9
26.7
25.5
28.6
36

TABLE 5: BATCH B3

#
1
2
3
4
5

Weight
(Kg)
8.74
8.771
8.743
8.62
8.763

Loading
(kN)
770.23
908.62
870.94
747.49
889.3

Compressive
Strength (Mpa)
34.25
39.98
38.58
37.1
39

TABLE 6: Batch B4

Figure 4. It may be observed that water absorption
of recycled aggregates is approximately 380% higher
than those of the conventional aggregates. Whereas,
specific gravity of recycled aggregates is 11.4% lower
than that of the conventional aggregates. Both the
deviations are attributed to the old mortar attached
with the RCA. The average weight of all batches of the
cubes is given in Table 9. The same is compared with
control specimen in Figure 5. It may be observed that
the average weight of the conventional concrete cubes
remained higher than the recycled aggregate concrete
specimens for all curing methods. Maximum weight is
observed in specimens cured in waste water, whereas,
the minimum weight is recorded for cubes cured in
open air. The weight loss for the proposed specimens
cured in the similar way to conventional concrete cubes
is measured to be 1.22%. This shows that the use of demolishing waste as coarse aggregates produces lighter
concrete as compared to the conventional concrete. It
is further observed that the waste water curing results
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Fig. 6: Compressive strength (All curing methods)

Fig. 4: WA and Sp. Gr. of NA and RCA

Fig. 7: Compressive strength RCA cubes
Fig. 5: Comparison of average weight

in least weight loss of the proposed specimens.
The compressive strength results of all batches of
the cubes are plotted in Figure 6. It can be observed
that none of the strength result of the specimens in
any batch deviated more than 15% than the average
compressive strength of the respective batch. The
maximum average strength is recorded for the curing
with gunny bags. The strength recorded with this curing method is 1.85% higher than the average strength
of batch B1 cubes (conventional concrete cubes cured
in potable water). The comparison of average strength
with respect to conventional concrete specimens cured
in potable water is given in Table 10. The average
compressive strength in B1 cubes (control specimens)
is measured to be 37.16 Mpa. In comparison to this,
concrete cubes cured by fully immersing in water
observed 4.4% less strength. Similarly, RCA cubes
cured in open air in waste water and by stream were
observed to have 20.5%, 1.8% and 21.1% reduction
in compressive strength. The RCA cubes cured by

covering with gunny bags were observed to increase
about 1.7% in compressive strength. While comparing
the strength results of RCA cubes with those of batch
B2 (RCA cubes cured by fully immersing in potable
water), it is noted that the maximum strength loss
is observed in steam cured cubes. The cubes cured
in open air also observed strength reduction, though
less than the steam cured cubes. Other two batches of
the cubes B4 (Gunny bags) and B6 (Waste water) observed an increase in strength as compared to potable
water cured cubes (B2). Again, it is noted that cubes
cured by covering with gunny bags showed about 6%
increase in strength. The compressive strength of RCA
cubes cured by standard curing versus other methods
of curing is illustrated in Figure 7.

5

Conclusion

From the test results it is concluded that although
standard water curing serves the purpose very well,
but the improvement in both weight and compressive
strength can be achieved by adopting curing of the
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#
1
2
3
4
5
6

Batch
B1
B2
B3
B4
B5
B6

Curing Method
Potable Water
Potable Water
Open Air
Gunny Bags
Steam
Waste Water

Recycled Aggregates (%)
0
50
50
50
50
50

Average Weight (Kg)
8.859
8.751
8.315
8.727
8.568
8.807
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Weight Loss
–
1.22
6.14
1.49
3.28
0.59

TABLE 9: Average weight of concrete cubes for different curing methods
#
1
2
3
4
5
6

Batch
B1
B2
B3
B4
B5
B6

Curing Method
Potable Water
Potable Water
Open Air
Gunny Bags
Steam
Waste Water

Recycled Aggregates (%)
0
50
50
50
50
50

Compressive Strength (MPa)
37.16
35.52
29.54
37.78
29.32
36.49

Reduction
–
-4.41
-20.5
1.67
-21.1
-1.81

TABLE 10: Average compressive strength for all curing methods

recycled aggregate concrete with gunny bags. Present
study with limited number of specimens shows an
increase in weight and compressive strength equal to
1.5% and 1.7% respectively.
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Abstract
Multimode project scheduling problem has significant application in project-based organizations. It is an NP-hard
(Non-Polynomial) problem and, therefore, several heuristic and meta heuristic techniques are employed in literature to
solve these problems. In this paper, we propose a novel heuristic approach for multimode resource constrained project
scheduling (MMRCPS). The proposed heuristic introduces an efficient technique to simultaneously optimize the
resource utilization and activity mode selection. The heuristic is designed for makespan minimization. Furthermore,
it incorporates certain activity shifting techniques to reduce makespan of the project. The proposed heuristic is tested
on benchmark instances taken from PSPLIB (Project scheduling problem library) and a comparison is performed
against optimal results. The proposed heuristic delivers better results in comparison with those reported in the
existing literature.

Keywords—project scheduling, multi-mode problem, NP-hard, heuristic, makespan minimization.
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1

Introduction

S

cheduling projects is a core area under the scope
of project management. A well-organized project
schedule leads to efficient management of project
time, resources, cost and quality. Project scheduling
approaches rely on the type and nature of the activities
and the resources required for the completion of the
project. In one of the scenarios, a project activity can
be completed in different ways based on the number
and the type of the resources required by the activity.
The resources are combination of renewable and
nonrenewable type of resources [1]. The duration of
the activity varies for the type and number of resource
available. The time required for activity completion
under the designated resource type and requirements
is the activity performance mode. The variations in
resource type and requirements for an activity leads
to different time duration for that activity. The set
of time duration obtained from these variations for
an activity gives the number of modes. A project
scheduling problem in which each activity in the
project has multiple modes is known as a multimode
project scheduling problem. The resource limitations
in this type of problems turn them into multi-mode,
resource constrained, project scheduling problems
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

(MMRCPSP).
A multimode version of RCPSP has a complex nature.
It is a NP-hard problem and gets more multifaceted
with the increase in number of activities and modes
for each activity. The complexity is further enhanced
by the restriction of number and type of resources for
these problems. Over the past many years, a significant
effort has been made to achieve optimality conditions
for these types of problems. The early approaches
focused on linear programming formulations and exact
methods [2][3]. A priority rule-based approach can also
be used to solve MMRCPSP with the assumptions
that resources are renewable and may not be always
available [4]. One of the key factors in the multimode
scenario is the choice of most appropriate mode for
execution. Ahn et al. [5] presented the concept of
crashable modes to deal with this problem. The
approach suggested crashing methods for the activity
modes to reduce makespan. Demeulemeester et al.
[6] developed a branch-and-bound algorithm to solve
MMRCPSP for makespan minimization objective
with the assumptions that activity duration and
resource necessities are variable.
Tabu search algorithm [7] also solves the MMRCPSP.
In a Tabu search approach, the activities are
disintegrated in the number of modes. Scheduling
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is performed on fixed mode assignments. Similarly,
heuristic and meta-heuristic approaches are also very
well-known and efficient to deal with such NP-hard
problems. A deferential evolution algorithm (DE)
also deals with the MMRCPSP. The objective is the
minimization of makespan. The results obtained for
the DE are known to be efficient [8].
Jarboui et al. [9] proposed a combinatorial particle
swarm optimization (CPSO) based method for
multimode problems. The comparison with other
algorithms for standard instances is performed
based on average deviation from the optimal results.
Similarly, Simulated annealing (SA) algorithm also
serves the purpose of solving multimode problems.
The search pattern in SA is based on the combination
of two search loops: alternating activity and mode
neighborhood exploration [10].
A Similar effort is made in another study [11] where
SA serves the makespan minimization objective for
multimode scenarios. Feasible list of mode assignments
and activities are suggested through this approach.
Elloumi et al. [12] recommended a rank centered
evolutionary algorithm which considered MMRCPSP.
It was based on a clustering-based fitness function.
It looked for a feasible solution for minimization of
makespan.
An estimation of distribution algorithm (EDA)
also considered the multi-mode case of resourceconstrained scheduling problem [13]. In this algorithm,
mode choices are determined based on the activitymode listing (AML) and translated and decoded
to multi-mode serial schedule generation structure
(MSSGS). The algorithm makes use of multimode
forward and backward iterations to optimize the
results. Cheng et al. [14] considered the MMRCPSP
and proposed a different technique to generate optimal
results. The proposed techniques included a branch
and bound algorithm based on precedence trees, time
window rule, and a priority rule based on simple
heuristics.
A recent study addresses the MMRCPSP merged
with the material ordering issue with respect to time
and quantity. The study also focused on improvement
in meta-heuristic techniques through hybrid search
approaches. The combination of meta-heuristic
algorithms includes PSO-GA, GA-GA and SA-GA.
The hybridization of meta-heuristics yields nearoptimal solutions [15]. Muritiba et al. [16] proposed
a Path-Relinking (PR) algorithm for Multi-mode
Resource-Constrained Project Scheduling Problem
(MRCPSP). The algorithm travels in solution space
between two solutions and performs a local search
around the intermediate solutions. The algorithm was
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tested using benchmark instances to compare with
other competitive methods from the literature.
Delgoshaei et al. [17] proposed a scheduling model
based on integer programming that can schedule
different activities according to execution conditions.
A particular interest of this study was to solve the
problem of over-allocation of resources by considering
uncertain activity duration. Tirkolaee et al. [18]
addressed a resource-constrained scheduling problem
with multiple objectives. In this problem, each activity
is performed from a set of given modes. The overall
objective was to maximize the cumulative present
value and minimize the time of completion. The
proposed model was validated with the help of several
random instances. To solve the NP-hard problems,
the authors proposed two meta-heuristic techniques of
non-dominant sorting genetic algorithm and simulated
annealing algorithm with multiple objectives.
In most of the studies, authors have incorporated
priority rules of multi-mode scheduling, however,
these rules do not always produce the desired outputs.
A good method based on priority rules act as bases
to get better results from metaheuristic algorithms.
A similar approach is adopted by Adamu et al. [19]
in which priority rules are employed to calculate
the primary solutions for metaheuristic algorithms.
The proposed algorithm incorporates pre-calculated
processing times to simplify the project data in order
to accelerate the process. Subsequently, the mode
assignment procedure and machine learning priority
rule are utilized to generate a schedule base of schedule
generation scheme. The proposed algorithm acts as an
efficient startup for meta-heuristic.
From the literature review, it is evident that a significant effort has been made on multi-mode scheduling aspects. The most general approach to solve multimode problems can be summarized in two phases and
can be named as a two-phase approach. In first phase
a mode is selected for each activity based on predefined criteria. In the second phase the problem transforms into a single mode resource constrained project
scheduling problem. The problem is then scheduled
through the approaches used for generalized resource
constrained project scheduling problems.
The approach presented in this paper is smart and
unique compared to classical approaches in the literature in the sense that it not only searches for the
best execution mode for the activity, but also involves
activity shifting tactics while schedule a generation.
The beauty of the heuristic is that it optimizes best
mode selection as well as best activity to add in the
sequence simultaneously. The Heuristic is tested for
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X

the standard cases from the Project Scheduling Problem Library (PSPLIB) generated through the problem
generator Progen [20].
The rest of the paper is organized as follows. Section
2 describes the the problem with the help of a mathematical model. Section 3 describes the methodology
adopted in the proposed heuristic with the help of a
flow chart. The results are presented in graphical and
tabular illustrations in section 4. Section 5 concludes
the paper.
1.1 Problem Description
The multi-mode case of project scheduling is explained
through its mathematical model. This section describes the notations and equations used in this study.
A part of these notations and equation are related
to general multi-mode, resource-constrained project
scheduling problems and rest for them are related to
additional constraints for the proposed heuristic.
A typical multimode project scheduling problem consists of i activities. Each activity i can be performed in
m modes. The time required by an activity i in mode
m is defined by the variable dim . The problem consists
of renewable and nonrenewable resource limits which
are denoted by Rkn and Rkv respectively. The brief
explanation of the variables used in the mathematical
modeling is shown in showed in Table 1.
1.2 Mathematical Modeling
The objective is to minimize the project duration
by reducing time t for n number of activities in the
schedule with variation in the early and the latest
finish times for number of available modes. The mathematical model in Equation (1) defines the objective.
M inimize z1 =

LFi
X

tximt , ∀m ∈ Mi i ∈ I

(1)

t=EFi

The variable ximt is the binary constraint and is defined by Equation (2). If the activity i takes place in
mode m and time t, then ximt = 1.
(

ximt =

1, if activity is performed.
0, otherwise.

(2)

The other constraints for a standard multi-mode
project scheduling problem are:
Mi X
LFi
X

ximt = 1, ∀m ∈ Mi , i ∈ I

(3)

m=1 t=EFa
Ma LF
X
Xa
m=1 t=EFa

txamt ≤

LFb
Mi X
X

tximt ,

m=1 t=EFb

∀m ∈ Mi , i ∈ I, a ∈ Pi
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v
≤ Rkv , ∀m ∈ Mi , i ∈ I, k ∈ Kv
rkim

(5)

n
≤ Rkn , ∀m ∈ Mi , i ∈ I, k ∈ Kn
rkim

(6)

i=1 m=1

Mi
I X
X
i=1 m=1

ximt = {0, 1}, ∀m ∈ Mi , i ∈ I, t ∈ T

(7)

Equation (1) defines the objective of makespan minimization of the project. Equation (2) describes the
binary constraints for mode executions. Equation (3)
assures that a single mode is allotted to finish the
activity in a certain time frame. Equation (4) defines
the precedence constraints among activities. Equation
(5) and (6) define the restriction on the availability
of renewable and nonrenewable resources, respectively.
Equation (7) defines the set of decision variables for
binary constraint.
In a multi-mode project scheduling approach used in
this study, the resource availability with respect to
time varies as the activities are scheduled and the
schedule moves forward. Equations (8) and (9) depict
the resource availability constraints with respect to
time.
Mi
I X
X

v
rkim
≤ Rkv (t), ∀m ∈ Mi , i ∈ I, k ∈ Kv , t ∈ T

i=1 m=1

(8)
Mi
I X
X

n
rkim
≤ Rkn (t), ∀m ∈ Mi , i ∈ I, k ∈ Kn , t ∈ T

i=1 m=1

(9)
In this scenario, an activity can be scheduled at any
position in the schedule if the required resource is
available for the activity. The activity is scheduled
either in accordance with the finish time of the preceding activity on the network or the finish time of the
preceding activity on the resource. In case the resource
is not available, the activity takes time equal to the
finish time of the previous activity on the resource
added to the duration of the activity on the selected
mode. Otherwise, the activity continues from the finish
time of the previous activity on the network added to
its duration. This scenario is described by Equation
(10) and (11).
t = F Tpap + dim , ∀m ∈ Mi , i ∈ I, t ∈ T, a → i (10)
or,

(4)
t = F Tpar + dim , m ∈ Mi , i inI, t inT

(11)
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Notation
I = {1, 2, 3, ..., a, i, ...I}
Mi = {1, 2, 3, ..., m}
dim
t
Kv = {1, 2, 3, ..., k}
Kn = {1, 2, 3, ..., k}
Rkv
Rkn
Rkv (t)
Rkn (t)
v
rkim
n
rkim

EFi

LFi
Pi
F Tpap
F Tpar
T
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Description
Set of activities of project
Set of number of modes for activity i
Duration of activity i for mode m
Length of an activity in the schedule
Set of nonrenewable resource
Set of renewable resource
Predefined nonrenewable resource limit
Predefined renewable resource limit
Availability of nonrenewable resource k at time t
Availability of renewable resource k at time t
Requirement of nonrenewable resource k to
perform activity i in mode m
Requirement of renewable resource k to
perform activity i in mode m
Earliest finish time of activity i obtained with
consideration of minimum duration and exception
of resource consumption
Latest finish time of activity i obtained with
consideration of minimum duration and exception
of resource consumption
Set of predecessors of activity i
Finish time of activity a in accordance with the
predecessor of i from Pi such that a → i
Finish time of activity a in accordance with the
preceding activity on resource
Makespan of project

TABLE 1: Notations and their explanations

2

Heuristic Approach for MMRCPSP

An efficient heuristic method is proposed in this study
to solve a multi-mode project scheduling problem with
scarce resources. The heuristic initializes the schedule
with the help of predefined values for the variables.
It uses an efficient technique to sort out different
modes for an activity and chooses the best mode.
Furthermore, it uses efficient decisions for activity
shifting without affecting the resource and precedence
constraints, which optimizes the overall makespan of
the project. Figure 1 depicts the proposed method in
the form of a flow chart. The heuristic method defined
in Figure 1 is a 3-step approach. The steps and substeps involved in the heuristic are described as under.
Step 1: It is the initialization phase which assures
the preliminary requirements for the execution of the heuristic.
Step 1.1: The foremost step in the heuristic is to
consider the mandatory input data values.
These inputs consist of the number of activities, the number of modes for each activity, the resource limits, and the resource
requirements for each activity.
Step 1.2: The next step is to initialize the schedule
for the given statistics. This step follows
scheduling an activity i in the project by
setting its start time to 0.

Step 1.3: The activities initiated in the schedule go
through the precedence check. If the activity does not meet the precedence criteria,
it is sent back to step 1.2 and initiated
in the next iterations until it meets the
precedence criteria.
Step 2: In this phase, the different modes available for performing an activity are assessed
and the best one is selected.
Step 2.1: This step identifies the different modes
available for the activity according to the
resource limits criterion for renewable and
nonrenewable resources (defined in Eq. (5)
and (6)).
Step 2.1: The modes which do not fulfill the resource limit criteria are ignored and the fit
modes are moved to the next step.
Step 2.3: In this step, the eligible modes are assessed on the criterion of the minimum duration. The mode with minimum duration
is selected.
Step 3: It is the schedule generation phase where
activities are shuffled in the schedule under
resource and precedence constraint.
Step 3.1: In this step the selected activity i goes
through a check which determines either
the finish time of the preceding activity on
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Fig. 1: Hueristic method for multimode project scheduling

the network is greater than the finish time
of the preceding activity on the resource.
Step 3.2:If the condition described in step 3.1 satisfies the activity, it is added to the schedule
for the time t as defined by Eq. (10), which
is the finish time of the preceding activity
on the network added to djm .
Step 3.3: If the condition described in step 3.1 does
not satisfies the activity, it goes through
another check which assures the availability of the resource with respect to time.
If the resource is available, the activity is
added to the schedule for the time t as
defined by Eq. (10), which is the finish time
of the preceding activity on the network
added to djm .
Step 3.4: If the activity fails the previous two
checks, it is added to the schedule for the
time t as defined by Eq. (11), which is
the finish time of the preceding activity on
resource added to djm .

Step 3.5: The successful completion of schedule
generation for activity leads to the next
iteration. The activity i and time t is updated and the loop continues from step 1.2
until all activities are scheduled.

3

Computational Experiments & Results

The proposed heuristic is solved for benchmark instances in PSPLIB. The heuristic is also tested for
other benchmark instances and a comparison is done
against the optimal results for those instances.
3.1

Case Study

The input data and results for case study are shown in
Table 2. In this table, the input data consists of activity identities, number of successors for each of activity,
number of modes for each activity, renewable/nonrenewable resource limits, and the resource requirements
for each activity on each mode. The results generated
through the proposed heuristic give the start and finish
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No. of Activities
1

Successors
2
3
4

2

5

6

3

10

11

4

9

5

7

8

6

10

11

7

9

10

8

9

9

12

10

12

11

12

12

0

0

0

M
1
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1

Input Data
D R1=9 R2=4
0
0
0
3
6
0
9
5
0
10
0
6
1
0
4
1
7
0
5
0
4
3
10
0
5
7
0
8
6
0
4
0
9
6
2
0
10
0
5
2
2
0
4
0
8
6
2
0
3
5
0
6
0
7
8
5
0
4
6
0
10
3
0
10
4
0
2
2
0
7
1
0
10
1
0
1
4
0
1
0
2
9
4
0
6
0
2
9
0
1
10
0
1
0
0
0

N1=49
0
9
0
0
0
0
0
0
2
0
8
0
0
8
5
0
10
10
0
0
10
0
6
0
0
4
0
0
0
0
0
0
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N2=40
0
0
8
6
8
8
5
7
0
7
0
7
5
0
0
1
0
0
10
1
0
1
0
8
7
0
8
5
10
9
7
0

ST
0

FT
0

0

3

0

1

3

8

3

9

8

10

9

12

12

16

16

18

12

13

10

15

TABLE 2: Input data and results for the case study

time of each activity. The data values in bold text show
the corresponding mode selected by the heuristic for
the execution of the activity. The project makespan
is 18 which is finish time of the activity 9, as highlighted in Table 2. The graphical illustration of results
obtained through proposed heuristic solution for the
Case study is depicted in Figure 2. Figure 2 shows the
graph of resource over time for the set of renewable and
nonrenewable resources in the study. The activities are
assigned to respective resources with the help of the
heuristic approach. The time and resource occupied
by the activities on respective resources can be easily
observed. The makespan of the project will be the
finish time of activity 9 on renewable resource 1, as it
is the last activity in the schedule among all activities
on all resources. All activities are scheduled within
resource limits and precedence constraints.
3.2 Comparative Analysis
The proposed heuristic is solved for benchmark instances and the results are compared with the optimal
results. The percentage optimality difference gives a

Fig. 2: Graphical explanation of results

bird eye view of the efficacy of the proposed heuristic.
It can be observed that the heuristic outperforms the
optimal results for one of the instances and gives
similar results for the other instances. It can be further
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Fig. 3: Graphical illustration of comparison
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Abstract
In this research paper, effect of textile waste on compressive strength of concrete cubes are analyzed. Textile waste
is collected from stitching shops and cut into small fibers size of 25 mm × 5 mm. Ten concrete mixes with dosage of
textile waste from 0.1% to 1% with an increment of 0.1% are used. Additionally, one concrete mix without textile
waste is prepared to compare the results. In all mixes, 1:2:4 concrete mix and 0.5 w/c ratio is used. To check the
workability of concrete, slump test is performed for all mixes. Total 88 concrete cubes of standard sizes are casted in
11 batches each having equal number of cubes. These cubes are cured for 14- and 28-day by standard water curing.
Unit weight (density) and compressive strength of all specimens are evaluated in a standard fashion. Comparison of
the results reveals that the maximum increase in compressive strength of concrete is recorded at the textile waste
dosage of 0.6% (28-day cured specimens) and is equal to 11.7%. Based on the laboratory investigations and the
results, it is concluded that the use of textile waste in concrete has a promising effect on compressive strength.
The content of textile waste may be considered to be 0.6% of total volume of concrete which may lead to a higher
strength of concrete as compared to the conventional concrete.

Keywords—Textile waste, concrete, fiber reinforced concrete, alternative material.
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1

Introduction

C

oncrete is the major ingredient or component
used in the modern construction industry. Today
it has almost become impossible to build any modern
structure without the use of concrete. In its simplest
form, concrete is made from the mixture of cement,
aggregates (rocks) and water. The paste, which is
made essentially of cement and water, coats the surface
of fine and coarse aggregates. The paste then becomes
hard by a series of chemical reaction called hydration.
It gains strength and forms rock-like mass which is
called as concrete.
Growing demand of structures and modern pace of
development requires construction of high-rise structures. New ideas and trends of architects and designers
result in amazing shapes of structures. On the other
hand, vertical expansion of structure poses serious
problems due to wind force on the buildings. These all
require use of high strength concrete. Achieving high
strength of concrete is possible by using admixtures
such as super plasticizer or alternative materials such
as various cementitious materials like textile waste as
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

fibers. The use of admixtures and alternative materials
not only ensures proper strength of the structure, but
it also provides stability and durability during service
life. On the other hand, it paves the way of utilization
of indigenous materials and byproduct of primary processes (waste). This not only leads to the preservation
of conventional concrete ingredients for future use but
also helps in preservations of the environment which
otherwise gets affected by these wastes.
Towards the search of alternative materials for the
basic ingredients of concrete and admixtures, various
scholars have attempted use of different materials
in concrete such as fly ash, ground granulated blast
furnace slag, silica fume, limestone dust, cement kiln
dust, natural or manufactured pozzolans, fabric materials, steel fiber, rice husk, textile, Jute, sawdust, and
recycled demolishing concrete, etc. The use of alternative materials also helps in achieving improvements in
workability and durability.
Several attempts of scholars regarding the use of the
textile waste in different forms in concrete are also
reported in the literature. Among them Hegger et.al.
[1] reviewed the development of textile reinforcement
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in concrete. Whereas, Brameshubur et al. [4] reviewed
the reinforcement development techniques from textile
waste. Papanicolaou et al. [5], on other hand, reviewed
the same to be used in precast industry for preparation
of concrete panels, parapet walls and sound barriers.
The authors presented details of the use of textile as
reinforcement and its effect on the said members. Du et
al. [2] attempted textile waste as reinforcement along
with chopped steel fiber in different layers to improve
the flexural behavior of the concrete. Experimental
results of 24 samples of the proposed material showed
improved crack flexural strength. The improved crack
monitoring was also recorded by Quaddflieget. al [3]
while reinforcing the concrete pipes with textile reinforcement along with glass and carbon wrappings.
Axial fatigue behavior of concrete with multi-layer
textile reinforcement is evaluated by Mesticouet et al.
[10]. The authors used textile waste with glass and
carbon grid. Under 60% and 80% of fatigue load at
100 cycles results showed improvement in rigidity and
dissipative capacity of composite material. Addition of
glass and carbon in matrix also showed improvement
in the results. Effect of flexural strength on flexural
performance of RC slabs is studied by Bruknaret et al.
[17] . Based on the results, the authors presented a simple model for dimensioning of the flexural strengthening of RC slabs. Based on the observations, the authors
also argue that using the same material in beams will
lead to an improved shear capacity of the reinforced
concrete beams. On the other hand, Shareiet et al.[18]
used textile reinforcement to study the load bearing
behavior of thin walled light weight vault structure.
Finite element simulation of the behavior and its comparison test data showed improvement in the behavior. Shear resistance of reinforced concrete members
Thanasiset et al.[19] used textile reinforcement in mortar. Based on the results, the authors observed that the
shear capacity of the members may be improved by
using jacketing of the proposed material. In another
research work, Bournasset et al.[20] used textile waste
as reinforcement in concrete columns to check the
effect on buckling capacity. The authors also used fiber
reinforced polymer of the same stiffness and strength
to prepare the samples for checking the results of the
proposed material. The obtained results showed a substantial gain in compressive strength and deformation
capacity by delaying buckling of the longitudinal bars.
This gain increases with the volumetric ratio of the
jacket. The comparison of both configurations revealed
that the proposed jackets are slightly less effective than
FRP jackets in terms of increasing strength and deformation capacity by approximately 10%. However, the
comparison of nearly full-scale columns under cyclic
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uniaxial flexure shows that TRM jacketing is a very
effective way of increasing the cyclic deformation capacity and the energy dissipation of old type reinforced
concrete columns.
Other scholars have also addressed the textile waste
in concrete from the point of view of design modeling [6], durability [7], structural behavior [8] and
bond proper-ties [12]. Not only the textile waste, but
other materials as additives have also been utilized by
different scholars in concrete such as jute, coir and
banana mixture [13], fiber rein-forced concrete [14],
carpet fibers[15], date-palm-mesh fi-bers [16], glass
textile reinforced concrete [9], and demolished concrete
[21].Observations from the above-mentioned literature
review motivates the work presented in this experimental research to evaluate the effect of textile waste
as fiber reinforcement on compressive strength of the
concrete.

2

Methodology

Textile waste used in this research work was collected
from stitching shops of local market of Nawabshah
city (Figure 1). It was a mix of different types of
fabrics from which one type (cotton) was separated
(Figure 2) to be used in this research work. Mixed
size of the waste was then cut manually into pieces
of 25 mm × 5 mm (Figure 3). This waste is used in
concrete into dosage of 0.1% to 1% with increment of
0.1% by weight of the specimen.
For the proposed work, 1:2:4 mix with 0.5 watercement ratio is used. The selected mix was the same
as the commonly used mix in the industry. A slightly
higher water-cement ratio is selected considering the
water absorption of the textile fibers.

3

Slump

For all dosage of the textiles waste and control mix
slump test is conducted using slump cone. The test
is conducted as per standard procedure of the test
(Figure 4).

4

Casting & Curing

Total 88 standard sized cubes (4” × 4” × 4”) are
casted in eleven batches. In ten batches, textile waste
is used as mentioned above. Whereas, one batch of
the cubes is casted without textile waste to compare
the results of the proposed concrete. Table 1 gives
the details of the specimens along with mix quantities.
In each batch, 8 cubes are casted. Mixing of concrete
ingredients is done by weight. Preparation of the mix
and filling of the moulds is done in accordance with
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Fig. 1: Textile waste

Fig. 4: Slump test

Fig. 2: Sorted textile waste

Fig. 5: Compressive strength test

the relevant ASTM provisions. In each batch, equal
number of specimens is cured for 14- and 28-days by
fully immersing in potable water.

5 Unit Weight (Density) & Compressive
Strength
After the elapse of respective curing time, each specimen is weighed using digital weight balance. Compressive strength of the specimens is then evaluated
using universal load testing machine under a gradually
increasing load (0.5 kN/sec) till failure (figure 5).

6
Fig. 3: Sorted textile waste

Results & Discussion

This section provides an in-depth discussion on the
experimental results.
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No.

Sample ID/
Batch

Water
(Kg)

Cement
(Kg)

1
2
3
4
5
6
7
8
9
10
11

CM 0
WTRC1
WTRC2
WTRC3
WTRC4
WTRC5
WTRC6
WTRC7
WTRC8
WTRC9
WTRC10

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

3
3
3
3
3
3
3
3
3
3
3

Fine
Aggregates
(Kg)
6
6
6
6
6
6
6
6
6
6
6

Coarse
Aggregates
(Kg)
12
12
12
12
12
12
12
12
12
12
12

Textile
Fiber
(%)
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00%

24

Textile
Fiber
(gm)
0
21
42
63
84
105
126
147
168
189
210

Water for
Textile
Fiber (gm)
0
21
42
63
84
105
126
147
168
189
210

Total
Water
(gm)
1500
1542
1584
1626
1668
1710
1752
1794
1836
1878
1920

TABLE 1: Sample and mix details

with the conventional concrete in the same table. It
may be observed that an increase in the dosage of
textile waste results in a decrease in the weight of the
specimens. The maximum reduction in the weight for
both 14- and 28-day cured samples was observed at the
textile fiber dosage of 1% and was equal to 1.6% and
1% respectively. This shows that induction of textile
waste in concrete can produce lighter concrete than
the conventional concrete.

7

Fig. 6: Compressive strength test
6.1 Slump
The results of the slump test conducted for all mixes
are shown in Figure 6. It may be noted that the
maximum slump of 13 mm is observed in control mix.
Whereas, all other mixes show reduction in slump
value. A fluctuating trend in slump is observed. Reduced slump indicates that the concrete with textile
waste demands more water to maintain the workability. Otherwise, more effort for compaction will be
required.
6.2 Unit Weight (Density)
The average unit weight (density) of the specimens of
all batches of proposed concrete and control mix are
averaged along with percentile reduction in the unit
weight of the proposed concrete mixes in Table 2. The
table shows the average unit weight of both curing
ages considered in this research work. The average
unit weight of the proposed concrete is also compared

Compressive Strength

The average values of the samples within each batch
are listed in Table 3. The table also shows the percentage change in compressive strength of the proposed
concrete mixes with respect to the conventional concrete for both curing ages. It may be observed that
except peak values, almost same trend is observer for
all mixes.
It may be observed that the compressive strength
increased with the increase in dosage of textile waste
up to 7% for 14-day curing and up to 6% for 28day cured specimens. Beyond these dosages, compressive strength observed reduction. For 14-day cured
specimens, maximum increase in compressive strength
was found to be 33%. The same among 28-day cured
specimens is recorded to be 11.7%. The compressive
strength at the curing age of 14-days showed a remarkable increase, but as the 28-day curing is considered as
standard curing therefore, the optimum dosage of the
waste is concluded to be 0.6%.
At the optimum dosage decrease in weight of the
specimens is 0.8% and 0.% for 14- and 28-day curing
respectively. The change in weight is marginal. However, increase in compressive strength shows that the
use of the waste in new concrete has positive effect on
the parameter and help in developing concrete with
more strength than conventional concrete.
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No.

Sample ID/
Batch

Textile
Fiber (%)

1
2
3
4
5
6
7
8
9
10
11

CM
WTRC1
WTRC2
WTRC3
WTRC4
WTRC5
WTRC6
WTRC7
WTRC8
WTRC9
WTRC10

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

4-Day Curing
Unit Weight/
Change (%)
Density (kg/m3)
2510
–
2500
-0.5
2500
-0.4
2490
-0.6
2490
-0.6
2490
-0.7
2490
-0.8
2490
-0.9
2480
-1.1
2480
-1.3
2470
-1.6

25

28-Day Curing
Unit Weight/
Change (%)
Density (kg/m3)
2500
–
2500
-0.2
2500
-0.2
2490
-0.5
2490
-0.5
2490
-0.3
2490
-0.5
2490
-0.6
2480
-0.9
2480
-0.8
2480
-0.9

TABLE 2: Average weight (Density)
No.

Sample ID/
Batch

Textile
Fiber (%)

1
2
3
4
5
6
7
8
9
10
11

CM
WTRC1
WTRC2
WTRC3
WTRC4
WTRC5
WTRC6
WTRC7
WTRC8
WTRC9
WTRC10

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

4-Day Curing
Compressive
Change (%)
Strength (MPa)
21.1
–
28.22
33.79
26.18
24.1
27.67
31.15
30.56
44.87
31.15
47.65
31.27
48.21
32.94
56.16
28.22
33.78
27.32
29.5
21.23
0.65

28-Day Curing
Compressive
Change (%)
Strength (MPa)
31.36
–
32.19
2.65
32.6
3.93
32.64
4.06
32.9
4.9
34.31
9.38
35.03
11.71
33.42
6.56
30.38
-3.15
28.66
-8.62
22.18
-29.27

TABLE 3: Average compressive strength

Fig. 7: Compressive strength of concrete at 28 days
with various percentage of textile waste compared to
normal concrete

8

Conclusion

From the laboratory investigations of compressive
strength of concrete cubes cast with different dosages

of textile waste following points are concluded.
(a) Maximum slump in proposed concrete is observed
equal to 12 mm. It shows that the water demand
of the concrete with textile waste is more, without
which workability is affected and more effort will
be required for proper compaction.
(b) Increasing dose of textile waste result in reduced
Unit weight (density) of the resulting concrete.
(c) Compressive strength of proposed concrete increases with increase in dosage of textile waste
up to 0.7% for 14-day cured concrete and 0.6%
for 28-day cured specimens.
(d) As, 28-day curing is treated as standard time of
curing therefore, optimum dosage of the textile
waste is 0.6%.
(e) At optimum dosage 11.7% increase in the compressive strength of concrete with textile waste is
recorded in comparison to conventional concrete.
(f) Based on the experimental study carried and
the results achieved, it is recommended that the
textile waste may be used as fibers in concrete.
However, the dosage of the used textile waste
may be optimized at 0.6% by the total volume
of concrete.

QUEST RESEARCH JOURNAL, VOL. 17, NO. 2, PP. 21–26, JUL–DEC, 2019

References
[1] Hegger J., Will N., Bruckermann O., and Voss S.,
“Load–Bearing Behavior and Simulation of Textile Reinforced Concrete”, Materials and Structures, Vol. 39,
pp:765–776, 2006.
[2] Du Y. X., Zhang X. Y., Zhou F., Zhu D. J., Zhang M. M. and
Pan W.,“Flexural Behavior of Basalt Textile-Reinforced
Concrete”, Construction and Building Materials, Vol. 183,
pp:07 – 21, 2018.
[3] Quadflieg T., Goldflex Y. Dittel G. and Gries T., “New Age
Advanced Smart Water Pipe Systems Using Textile Reinforced Concrete”, 15th Global Conference on Sustainalbe
Manufacturing - Procedia Manufacturing, Vol. 21, pp: 376
– 383, 2018.
[4] Brameshuber W., “Manufacturing Methods for TextileReinforced Concrete”, T. Triantafillou, Editor, Textile
Fiber Composites in Civil Engineering, Woodhead Publishing, pp: 45 – 59, 2016.
[5] Papanicolaou C. G., “Applications of Textile-Reinforced
Concrete in the Precast Industry”, Textile Fibre Composites in Civil Engineering, Woodhead Publishing, pp: 227 –
244, 2016.
[6] Hegger J. and Will N., “Textile-Reinforced Concrete: Design Models”, Textile Fibre Composites in Civil Engineering, Woodhead Publishing, pp: 189 – 207, 2016.
[7] Mechtcherine V., “Durability of Structures made of or
Strengthened using Textile-Reinforced Concrete”, Textile
Fibre Composites in Civil Engineering, Woodhead Publishing, pp: 151 – 168, 2016.
[8] Chudoba R. and Scholzen A., “Textile-Reinforced Concrete:
Structural Behavior”, Textile Fibre Composites in Civil
Engi-neering, Woodhead Publishing, pp: 209 – 226, 2016.
[9] Yao Y., Silva F. A., Butler M., Mechtcherine V. and
Mobasher B., “Tension Stiffening in Textile-Reinforced
Concrete under High Speed Tensile Loads”, Cement and
Concrete Composites, Vol. 64, pp: 49 – 61, 2015.
[10] Funke H., Gelbrich S. and Ehrlich A., “Development of
a New Hybrid Material of Textile Reinforced Concrete
and Glass Fibre Reinforced Plastic”, Procedia Materials
Science, Vol. 2, pp: 103-110, 2013.
[11] Mesticou Z., Bui L., Junes A., Larbi A. S., “Experimental Investigation of Tensile Fatigue Behaviour of TextileReinforced Concrete (TRC): Effect of Fatigue Load and
Strain Rate”, Composite Structures, Vol. 160, pp: 1136 –
1146, 2017.
[12] Peled, A., “Bonds in Textile-Reinforced Concrete Composites”, Textile Fibre Composites in Civil Engineering,
Woodhead Publishing, pp: 63 – 99, 2016.
[13] Shahinur S. and Hasan M., ”Jute/Coir/Banana Fiber Reinforced Bio-Composites: Critical Review of Design, Fabrication, Properties and Applications, in Reference Module”,
Materials Science and Materials Engineering, 2019.
[14] Plizzari, G. and Mindess S., ”Fiber-Reinforced Concrete”,
De-velopments in the Formulation and Reinforcement of
Concrete, Woodhead Publishing, pp: 257 – 287, 2019.
[15] Pakravan H. R., Jeddi A. A. A. and Jashedi M. “Properties of Recycled Carpet Fiber Reinforced Concrete”, Use
of Recycled Plastics in Eco-efficient Concrete,Woodhead
Publishing, pp: 411 – 425, 2019.
[16] Vantadori S., Carpinteri A. and Zanichelli A., “Lightweight
Construction Materials: Mortar Reinforced with Date-Palm
Mesh Fibres”, Theoretical and Applied Fracture Mechanics,
Vol. 100, pp: 39 – 45, 2019.

26

[17] Bruckner A., Ortlepp R., Curbach M., “Textile Reinforced
Concrete for Strengthening in Bending and Shear”, Materials and Structures, Vol. 39, pp:741–748, 2006.
[18] Sharei E., Scholzen A., Hegger J. and Chudoba R., “Structural Behavior of a Lightweight, Textile-Reinforced Concrete Barrel Vault Shell”, Composite Structures, 2017.
[19] Thanasis C., Triantafillou C. and Papanicolaou G., “Shear
strengthening of Reinforced Concrete Members with Textile
Reinforced Mortar (TRM) Jackets”, Materials and Structures, Vol. 39, pp:93–103, 2006.
[20] Bournass D. A., Lontou P. V., Papanicolaou C. G. and Triantafillou T. C., “Textile-Reinforced Mortar versus FiberReinforced Polymer Confinement in Reinforced Concrete
Columns”, ACI Structural Journal, 2007.
[21] Oad M., Buller A. H., Memon B. A. and Memon N.
A., “Flexural Stress-Strain Behavior of RC Beams made
with Partial Replacement of Coarse Aggregates with Coarse
Aggregates from Old Concrete”, Engineering, Technology &
Applied Science Research, Vol. 8, No. 3, 2018.

QUEST RESEARCH JOURNAL, VOL. 17, NO. 2, PP. 27–30, JUL–DEC, 2019

27

Usage of Brick Kiln Ash as a Supplementary Cementing Material
Jansher Khan Bhangwar* , Daddan Khan Bangwar
Department of Civil Engineering, QUEST, Nawabshah, Sindh, Pakistan
*
Corresponding author: jansher bhangwar@yahoo.com

Abstract
Researchers are endeavoring to extract supplementary cementing materials from different agarin product. Different
types of agarin by-products are being used as a source of fuel for brick kiln. The generated ash from brick kiln is
usually dumped in open fields that creates a myraid of health and environmental issues. In this paper, an experimental
study is conducted to utilize the dumped ash as a supplementary cementing material in concrete. In order to find
out the optimum proportion of cement replacement, we replace cement with brick kiln ash at the ratio of 0 to 12.5%
with an increment of 2.5%. Subsequently, the tests of compressive strength, tensile strength and water penetration
are conducted. It is found that the cement replaced at 5% is optimum. The compressive and tensile strength are
increased up to 5% and 5%, respectively. Moreover, concrete impermeability is found to be improved by 50% at 5%
replacement.

Keywords—Brick kiln ash, compressive, tensile and impermeability.
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1

Introduction

R

esearchers all over the world are endeavoring
to utilize waste materials produced from different
sources in the construction industry so as to get rid
of the waste which is detrimental to the environment.
Researchers [1][2] utilized the extracted Malaysian rice
husk ash as a supplementary cementing material for
construction industries and made use of the waste
as a partial replacement for the most expensive cement employed for improving engineering properties
of Malaysian soil. The high binder efficiencies were
observed and the physical-mechanical performances
indicated the effectiveness of the proposal, expanding
the concept of low-cost supplementary cementing materials and broadening the range of residual materials
suitable for use in cement-based composites [3]. There
is a rapidly growing trend in the production of rice
in Pakistan, therefore, it is considered to be the most
important crop. In Pakistan, it is being used as an
alternative of food and, in some cases, the byproduct
of rice husk as a source of energy for kilns. The use of
rice husk as energy generates enormous amount of ash
and the generated ash has no valuable application, but
usually deposits in the fields in open areas that causes
environmental pollution. Researchers all around the
world are striving to minimize this environmental
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

problem by using ash as a supplementary cementing
material [4]. RHA is deemed to be a concrete mineral
admixture. SiO2 of RHA normally ranges between 90
to 95%, which is analogous to that of silica fume [5][6].
The source of RHA is considered to be important in
the varying characteristics of cementitious material
[7]. Researchers conducted the experiment on cement
replaced mortar in terms of compressive strength and
pore refinement. The optimum level of replacement is
totally dependent on the level of fineness of cementitious material [8]. A research was conducted [9] used
different cementitious material to form a sustainable
concrete. They replaced cement with Silica Fume, Fly
Ash and ground granulated blast furnace slag. The result revealed that the suitable concrete could be made
with 40% GGBFS replacement, 5% S.F replacement
and 20% FA replacement with cement. Amorphous
silica is produced at 500◦ C–800◦ C and at a higher
temperature, i.e. usually above 900◦ C, silica starts
to exist in crystalline state [10]. Researchers in [11]
conducted an experimental study on mix blended with
RHA as a binder and replaced cement with RHA up
to 40% without any noteworthy changing trend in the
compressive strength with reference to control mix. A
high strength concrete (HSC) was developed in [12]
by in-corporating RHA as a partial supplementary
cementing material. It was found that the strength
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of HSC containing RHA decreased as compared to
control mix. Researchers in [13] focused on the fundamental properties of RHA blended concrete. They
made concrete with replacement dosages of 5% to
20% (an increment of 5%) with RHA size of 5 µm
and 95 µm. The maximum level of replacement of
cement with RHA was 15% for the ash having size
of 95 µm and 20% for the ash having size of 5 µm,
respectively. They concluded that the modified concrete was improved in strength at 10% replacement
with ultra-fine RHA particles. However, ultra-pulse
velocity and water absorption of concrete drastically
decreased at 10% replacement of cement with 5 µm
sized RHA. Workability, particularly in case of coarser
sized RHA, of fresh concrete increased substantially by
adding more quantity rice husk ash. The researchers
[2][14] concluded that with the addition of RHA as a
cement replacement material in concrete, a significant
enhancement in durability characteristics had been
obtained in RHA blended concrete which otherwise
was hard to achieve by the use of OPC.
The prime aim of the experimental investigation carried out in this paper is to analyze the efficacy of
brick kiln ash as a supplementary cementing material
in concrete and its effects on various properties of
concrete while blending.

2

Experimental Programme

We used ordinary portland cement and the hill sand
passing from 4.75 mm sieve and crushed stone, as
coarse aggregate, with maximum size of 19 mm. Brick
kiln ash was collected from the outskirts of district
Shaheed Benazir Abad, Sindh, Pakistan. The ash was
grounded in Loss Angels Abrasion machine for 2 hours,
and was sieved from 200 sieve. An arbitrary ratio of
1:2:4 with w/c 0.55 was used and the cement was
replaced by brick kiln ash at ratio of 0 to 12.5%
with an increment of 2.5%, as shown in Table 1. The
experimental setup was aimed at finding the optimum
proportion of cement replacement with brick kiln ash.

3

RESULTS AND DISCUSSION

This section discusses the experimental results.
3.1

Compressive Strength

28-days compressive strength of all concrete mixes are
shown in Table 2. It is evident that the compressive
strength of concrete kept on increasing up to 5%
replacement of cement with brick kiln ash. Further
addition of ash as a supplementary cementing material
causes a reduction in the strength. This is because
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of less availability of silica in the ash to form more
Calcium-Silica-Hydrated (CSH) gel which is deemed
to be a strengthening component in cement. At 5%
replacement of the cement with the brick kiln ash,
concrete strength was observed to be 0.53% more as
compared to no replacement of concrete. This increase
in strength has also been reported in [15][16].
3.2 Tensile Strength
28-days tensile strength of all concrete mixes are shown
in Table 3. It can be seen that the tensile strength
of concrete kept on increasing up to 5% replacement
of cement with brick kiln ash. Further addition of
the ash as a supplementary cementing material causes
a reduction in the strength. This is because of less
availability of silica in the ash to form more calciumsilica-hydrated (CSH) gel which is deemed to be a
strengthening component in cement [16].
3.3 Permeabilty
Water penetration of concrete was determined at the
age of 28-days curing. From Table 3 and Table 4, it is
evident that the impermeability of concrete increases
with the increase of cement replacement with brick kiln
ash. The water penetration depth at 5% replacement
is 35 mm which is 5% more impermeable as compared
to normal concrete. This is because brick kiln ash plays
a very effective role in pore refinement of the concrete
mix. Such increasing and decreasing behavior was also
reported in [17].
A comparison of compressive strength, tensile strength
and water penetration depth is shown in Figure 1.
From the results, an increasing and decreasing trend
can be observed. At 5% replacement of brick Kiln ash
as a supplementary cementing material in concrete is
found to be the optimum one. Such trend in supplementary cementing materials in concrete has also been
reported in [15][17].

4

Conclusion

The compressive strength as well as tensile strength
increases up to 5% replacement of the cement with
brick kin ash. Permeability of concrete is measured as
water penetration depth of concrete. At 5% replacement of cement, concrete becomes more impermeable
as compared to the normal concrete mix. Brick kiln
ash can be substituted for cement in concrete up to
5% replacement.

5
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S.No

Concrete

1
2
3
4
5
6

CM
BKAC1
BKAC2
BKAC3
BKAC4
BKAC5

Cement
(kg/m3)
3
2.925
2.85
2.775
2.7
2.625

%age
Replacement
0
2.5
5
7.5
10
12.5

Brick Kiln
Ash (kg/m3)
0
0.075
0.15
0.225
0.3
0.375

29

W/C

W/B

0.55
0.55
0.55
0.55
0.55
0.55

0.55
0.56
0.57
0.58
0.6
0.61

Water
(kg/m3)
1.65
1.68
1.72
1.75
1.79
0.82

F.A
(kg/m3)
6
6
6
6
6
6

TABLE 1: Concrete mix proportion
S.No
1
2
3
4
5
6

Concrete
Mix
CM
BKAC1
BKAC2
BKAC3
BKAC4
BKAC5

Percentage
Replacement
0
2.5
5
7.5
10
12.5

Compressive
Strength (psi)
2676.7
2681.8
2691
2644.8
1969.1
1964.75

(%age) Increase/
Decrease
0.19
0.53
-1.2
-26.4
-26.6

TABLE 2: Compressive strength of concrete
S.No

Concrete

1
2
3
4
5
6

CM
BKAC1
BKAC2
BKAC3
BKAC4
BKAC5

Percentage
Replacement
0
2.5
5
7.5
10
12.5

Tensile
275
280.33
284.7
270
200
190

(%age) Increase/
Decrease
1.9
3.5
-1.8
-27.27
-30.9

TABLE 3: Tensile strength of concrete
S.No

Concrete

1
2
3
4
5
6

CM
BKAC1
BKAC2
BKAC3
BKAC4
BKAC5

Percentage
Replacement
0
2.5
5
7.5
10
12.5

Water Penetration
Depth (mm)
50
40
35
25
35
55

(%age) Increase/
Decrease
20
30
50
30
-10

TABLE 4: Permeability of concrete

Fig. 1: Compressive, tensile strength and water penetration behavior

C.A
(kg/m3)
12
12
12
12
12
12

QUEST RESEARCH JOURNAL, VOL. 17, NO. 2, PP. 27–30, JUL–DEC, 2019

References
[1] F. H. Ali, A. Adnan, and C. K. Choy, “Geotechnical properties of a chemically stabilized soil from Malaysia with
rice husk ash as an additive,” Geotechnical Geological
Engineering, vol. 10, no. 2, pp. 117-134, 1992.
[2] M. Nehdi, J. Duquette, and A. El Damatty, “Performance of
rice husk ash produced using a new technology as a mineral
admixture in concrete,” Cement and Concrete Research,
vol. 33, no. 8, pp. 1203-1210, 8, 2003.
[3] J. M. Franco de Carvalho, T. V. d. Melo, W. C. Fontes,
J. O. d. S. Batista, G. J. Brigolini, and R. A. F. Peixoto,
“More eco-efficient concrete: An approach on optimization
in the production and use of waste-based supplementary
cementing materials,” Construction and Building Materials,
vol. 206, pp. 397-409, 2019/05/10/, 2019.
[4] S. Chandrasekhar, P. N. Pramada, and J. Majeed, “Effect
of calcination temperature and heating rate on the optical
properties and reactivity of rice husk ash,” Journal of Materials Science, vol. 41, no. 23, pp. 7926-7933, 2006.
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Abstract
With the advent of time, automation is becoming an inevitable component of human lives. Our homes, industries,
offices, market areas, etc. are being mechanized and human power is slowly being replaced by machines. Although
it has increased the system efficiency manifold, but the probability of system breakdowns has also increased,
since machines are more susceptible to faults. Hence, a continuous monitoring system is therefore required. Many
techniques have since been devised for better maintenance of machines throughout their operation so as to increase
their useful life. This paper presents the use and comparison of two different machine learning techniques for fault
sensing ahead of time and prognostic maintenance of a turbine System. The data is acquired from the turbine of
a hydro power plant installed in Dargai, Malakand Agency, Pakistan. The machine learning techniques compared
in this paper for fault sensing and prognostic maintenance of a turbine system are support vector machines and
artificial neural networks.
Keywords—Prognostic maintenance, Remaining Useful Life (RUL), Support Vector Machines (SVM), Hydropower Plant,
Turbine, Artificial Neural Networks (ANNs).

F

1

Introduction

M

achines and mechanical equipment have taken
over majority of the labor. The tasks that were
once done by humans are mostly done by machines
now. They have provided ease and utility in many
parts of human life. Whether it is domestic home
tasks, or office task, from industry to power generation, from food processing to products manufacturing
factories, mechanical equipment are the major and
essential feature, without which majority of processes
will cease to act. With all the advantages of machine
taking over humans, there come some disadvantages
too. Machines are susceptible to errors and faults and
with time they worn out. They need to be constantly
monitored and maintained for smooth operation. Researches have been conducted to increase the life time
of mechanical systems and improve the efficiency of
machines. Many maintenance techniques are devised
to keep system running efficiently. One of these that
involve Machine Learning Techniques and Artificial
Intelligence is “Prognostic Maintenance” [1].
Prognosis is a term that is opposite to diagnosis.
The faults are predicted even before their occurrence
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

[2]. Prognostic maintenance is a technique that keeps a
check on machines and mechanical system by notifying
about the events and faults before they take place. The
damages and physical conditions about a machine can
be found out using sensors’ measurement [3].
One of the most necessary mechanical and electrical systems invented in the history of industrial
revolution is the “turbine engine”. A turbine is a machine that utilizes a certain form of energy to generate
electrical. In Pakistan, the one of the most important
means of electricity generation are Hydropower Plants.
Second to electricity generation through thermal, Hydropower plants generate most of the electric power
in Pakistan. There is an utmost necessity to keep
the turbines and plants running in the most efficient
condition to power up the majority areas of Pakistan.
In this paper, various faults and sensors data
was collected from 81 MW Malakand III Hydropower
project, installed at Dargai, Malakand Agency, Pakistan. Algorithms based on ANNs and SVM were
developed for the Prognostic Maintenance of turbines
and the data was analyzed and tested on both these
algorithms.
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2

Literature Review

Artificial intelligence is the backbone of prognostic
maintenance. Techniques like Artificial Neural Networks (ANNs) and Support Vector Machines (SVM)
can model a state of the art prognostic maintenance
systems. There are many examples in literature that
uses Machine Learning techniques for fault detection
in various machines.
One of the techniques being discussed in this paper in
ANN. McCulloch and Pitts (1943) are considered to be
the pioneers of neural network based model for neurocomputation. Initially, they were just simple models
that used to perform simple logical and arithmetical
operations. Further, Perceptron came into working
when Rosenblatt (1958) mapped input to random output using Perceptron [4]. ANNs have been increasingly
used in machine technology and with time they are
improving efficiently. ANNs are considered to be one of
the most powerful Machine Learning techniques. Many
advanced variations of ANNs are also being used in
different cases of Prognostic Maintenance. For example, in a case of Gas turbine, wavelet neural network
was used for fault diagnoses [5]. The other machine
learning technique that is used in this research is
Support Vector Machine. SVM is a machine learning
technique that has a less complicated approach than
ANNs. They were developed around 1950s. They are
currently most famous classifier being used because
of their relatively easier and clear approach. In real
world problems most of the classifications are not
linearly separable. SVMs deal with such problems very
efficiently [6]. Even multi-class models can be easily
modeled using support vector machines. From detailed
analysis it was decided that SVM and neural network
were specifically better approach for pattern detection
in the data. Moreover, prognosis has been done using
this approach is many other cases [7].
2.1

Prognostic Maintenance

Prognostic maintenance is a technique in which future
health of an entity is estimated in terms of remaining useful life (RUL). Current condition and previous
health condition is used for the future prediction [8].
Prognostic maintenance is the opposite of “diagnostics”, where reasons of a fault or event are found by the
analysis of the event. But diagnostics approach is inconvenient and inefficient in mechanical systems. The
occurrence of fault leading to diagnosis can increase
the maintenance cost as well as halting of processes
decreases the output and efficiency of a system [9].
Prognostics maintenance has been used in medicines
since long. The current condition of a patient as well
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as family history can predict the conditions one might
have in future, if no treatment is done [10]. Similarly,
prognostics is done for mechanical equipment to foresee a fault that is about to happen. The health of
products and systems is monitored to provide warnings
and avoid a catastrophic failure in advance. Physical
or mechanical degradation such as cracking, corrosion,
increase in resistance, etc. are the triggers that tell us
about the fault to occur [11].
Some mechanical systems are very much complex like
power generation systems. They are a complex mixture
of mechanical and electrical system. As complexity
increases, the systems are more prone to faults. Machines like gas turbines, hydro power subsystems, etc.
needs to be replaced from conventional fault diagnosis
to intelligent prognostics systems with the help of
artificial intelligence and machine learning techniques
[12].
Various machine learning techniques can be used to
design a model, that with the given data, it produces
efficient results. The comparison of how data is manipulated, how efficiently a system is trained with the
considered technique, how accurately can it predict
a fault, etc. determine the suitability of a proposed
technique for the better prognostics of systems. Many
variables can be used to determine the efficiency of
prognostic techniques including time, accuracy, precision, speed of data retrieval etc. [13]. The two most
efficient techniques that are being compared in this
paper are ANNs and SVM.
The paper is distinct from the previous published work
as ANNs have not been yet used in Hydropower plants.
As well as the data set used for modeling the classifier
is acquired from Pakistan’s local hydropower plant
which is not used in previous work.
2.2 Artificial Neural Networks
Number of interconnected processing units, or neurons
are the basic elements of ANNs. ANNs are based on
the concept of a human brain. They try to process
information similar to the way a human brain does
and on that basis a model is being made. ANNs have
the capability to learn and train themselves as well
as organize the information. ANNs have been used in
industrial equipment and efficient results have been
achieved. In a case of machine maintenance, ANN
was used to make a model for the vibration signal
diagnoses [14]. A much accurate prediction can be
made from a model that has been trained using ANNs.
They have an ability to predict faults way before the
occurrence and that is why they are being used in
prognostic maintenance, since it gives adequate time
for the essential maintenance steps to be taken.
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2.3

Support Vector Machines

SVM is a classification technique used in Machine
Learning. Different groups of data are classified on
the bases of their features using best possible split
technique. The widest separation between different
groups is determined. The line which splits the data
in the best possible way is called a “Hyper plane”.
The distance between the two extreme samples from
both the groups (in case of two classifications) is called
support vectors. This distance is as far as possible
between the support vectors and Hyper plane [15]. As
the margin between support vectors and Hyper plane
is maximum, this makes the split between the data
best possible. The function that transforms training
data vectors into higher dimensional space is called
kernel function [16]. In a case of a “Roller Bearing
Fault Detection” SVM was used. Vibration Acoustic
Emissions were used as one of the feature in that
model [17]. Concepts like e-maintenance of mechanical
systems are introduced, as artificial intelligence techniques are being employed in industry. One of such
example is a research made on an operating thermal
power plant where SVM based model was used to
detect turbine failures [18].
Both the techniques are used efficiently for the pattern
detection and fault analysis in previous work. Various
algorithms were used such as genetic algorithm etc.
but in our case we are using cluster grouping in SVM
and pattern recognition algorithm in ANN [19].

3

Methodology

The process of Prognostic Maintenance of a turbine
system using machine learning techniques and comparisons of ANN and SVM algorithm was distributed
in the following steps:
1)
2)
3)
4)
5)
6)

3.1

Data acquisition from the Hydropower plant
Data analysis and extracting the key variables
Making datasets for computation
Modeling the classifier using SVM and ANN
for the dataset
Comparison of both the models
Evaluating the final result based on the comparisons
Data collection

During the project, a hydropower plant, 81 MW
Malakand III Hydro Power project, was visited. Maintenance and operation, issues, demands, working and
other attributes of the hydropower plant were studied.
The data gathered was generated by a system named
SCADA, installed at the power house. SCADA stands
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for “Supervisory Control and Data Acquisition”.
SCADA is a system that controls various industrial
processes. It can control them locally as well as remotely. It consists of devices like sensors, actuators,
pumps, valves, motor, etc. SCADA also converts data
from analog to digital and vice versa.
The data acquired from the SCADA was in the form
of Log sheets of excel/CSV format. It consisted of
temperature, vibrations, and other physical attributes
of various unit of turbine across a time period of 8
months. There were different sheets for different variables/features and different generating units. A total
of three (03) Turbines were installed at the project;
Unit1, Unit 2 and Unit 3. Each sheet contained data
collected over a time span of 24 hours with an interval
of 1 hour. In Figure 1, an example of Primary data
gathered from SCADA system of 81 MW Malakand
III Hydro Power Plant is shown. Sensors record the
temperatures from various components of turbines
after a constant time interval and stores in CSV
format. Specifically in this example, two components
of a turbine i.e., thrust bearing and turbine bearing’s
temperature is shown in the form of each component
various pad’s temperature. The temperature is controlled by oil and water cooling.
3.2

Dataset

A dataset was created from the data acquired through
SCADA. Data was first analyzed and the key feature
from the data was extracted. The log sheets were
divided into mainly two types of data. One set of data
consisted of the time and date on which the turbine
had fault recorded and it was shut down and the
other set of data consisted the features and attributes
recorded from sensors on a particular date and time.
Comparison of both kinds of data shown that temperature of various units of turbine had the most impact
on the faults of turbine and eventually the shutting
down of the system. Therefore, temperature readings
of various units were considered the key feature for
both the algorithms. Each feature in every example
was converted into the same unit and same range. In
the end, the final modified data set consisted of 4488
samples of temperature of two units of turbine system.
3.3

Support Vector Machine (SVM)

Initially, to pre determine the number of clusters
within this multidimensional dataset K-mean clustering was used. In our algorithm, K was found by the
elbow curve method. The graph obtained flattened out
at 3.5 so the number of clusters were used as 3.
After the K-mean clustering, training of the classifier
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Fig. 1: Dataset for temperature of Unit 3.

was done. SVM implementation was done with the
Sci-kit in Python. The same dataset was used in
this implementation. The data was preprocessed by
dividing the data into attributes and labels and further
dividing the data into training and testing sets. The
labels generated by the k-means algorithm were passed
to SVM. The figure shows a plot of the Support Vector
Machine (SVM) model trained with a dataset that
has been dimensionally reduced to two features. The
lines separate the areas where the model predicted the
particular class that a data point belonged to. This
plot shows the decision boundary of the SVM. It is
clear from this plot that the SVM model has correctly
separated most the data points successfully with the
occasional data point being misclassified.
3.4 Artificial Nueral Networks (ANN)
The second algorithm used for the classification model
was ANN. The data set used was exactly the same that
has been used for SVM classification.
The basic concept used in ANN classification was that
there is a pattern in temperature recording that leads
to the fault. The pattern was noted as the gradual
increase and then crossing the threshold value. The
dataset was modified according the classifier. Temperature samples were stated against the current condition of turbine whether the turbine is on or not. The
neural network classifies the input features into target
categories. A feed-forward network was used to classify
vectors. The output layer has an S shape transfer
function to limit the outputs between minimum and
maximum limit.
The data selected for the model was an input matrix
of 2 × 4488 elements and target vector of also 2x4488
elements showing the status respective to the features
of turbine. The target set has either a 1 or 0 in each

column that shown 1 for on in first column and 1 for
off in second column. The dataset is modified as shown
in the Figure 3. Some of the samples are shown in the
figure. The entire data set was divided into training,
testing and validating data. 70% of the data was used
for training, 15 percent for testing and 15% for validating. The number of hidden neurons was 10 per layer.
The neural network was trained using scaled conjugate
gradient back propagation. The network once trained
was tested by confusion matrix and receiver operator
characteristic, discussed in the next section.

4

Results & Comparisons

The data obtained from Hydropower plant’s turbine
system was used to train and test the classifier model
based on SVM and ANN. The comparison standards
used were as follow:
1)
2)
3)

Confusion matrix
Error percentage
Data classification

4.1 Confusion Matrix
The confusion matrix produced through SVM is shown
in Table 1. There are 1010 points in the first class
(label 0) all of which are classified as label 0. Similarly
in second row there are 433 points in class 1, all of
them are marked correctly. In last row total points are
353 of which one is classified as class 1 and the rest
352 are correctly classified. This confusion matrix is
overly accurate which is not possible in real life data.
This shows that SVM did not correctly considered the
errors present in the pattern leading to faults. The
confusion matrix obtained through Neural Network
Model is shown in the Figure 4. This confusion matrix
is very detailed showing the training, validation and
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((a))

((a))

((b))

Fig. 3: Temperature Inputs and Turbine status corresponding to the respective temperature Input.

((b))

Fig. 2: SVM decision boundary. The data set was
divided into 3 classes labeled as 0, 1, and 2 according
to difference in features by SVM.

Class 0
Class 1
Class 2

Class 0
1010
0

Class 1
0
433
1

Class 2
0
0
352

TABLE 1: SVM confusion matrix

test matrices also. The results obtained from this
matrix are that the percentage of correctly classified
samples is on average 96.5%. The value obtained from
the neural network model is more realistic and in
accordance with the test data.

4.2

Error percentage

The error percentage of SVM model was 0.06 which
is not possible practically. This result further proves
the point that SVM model did not notice the small
changes in pattern. While the error percentage in
neural network model came out to be 3.6% which is
considerably fair according to the test data.
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From the results derived, a practical maintenance
system based on ANNs can be easily devised using
microcontrollers and embedded systems. Actuators
and sensors will detect temperature rise pattern in
turbine components. Classification machines based on
ANNs will detect the temperature readings crossing
the threshold level and alarming the engineers and
quality control officers about the current situation of
the turbine. Fixing the fault beforehand will save the
complete halting of the system since a component will
be overheated and burnt if the fault is not predicted
beforehand. This will reduce the maintenance cost too.

5

Fig. 4: Neural network confusion matrixes
4.3 Data Classification
A comparison point that was noticed during experimentation phase of this research was that SVM classified the data into 3 clusters using the elbow curve
method. So in classification a considerable amount of
test data that comprises of temperature reading was
classified into neither off nor on group. Which is a
huge drawback of SVM for this data since the project
is dealing with a turbine. A turbine can either be off
or on. And the test data should decide between the
binary classification of 1 or 0. There must not be a
grey area.
4.4 Comparison Results
From various comparisons, it was concluded that a
classification model based on Artificial Neural Network
is more suitable than Support Vector Machine for the
prognostic maintenance of a turbine system installed
in a Hydropower plant.
SVM could not detect small pattern changes that
lead to fault detection. SVM classifier produced overly
accurate results since due to data unsuitability to the
model. Since SVM classifier didn’t consider the on and
off status of the turbine, it made the classifier unfit for
this kind of data set. Moreover, neural network classifier produced fairly accurate results. The algorithm
devised proved to be better since it considered the
turbine operational status as well. Also ANN model
detected small changes in pattern, which is the most
crucial part in the research of Prognostic Maintenance
of Hydropower plant.

Conclusion

Using Artificial intelligence techniques, we can make
our machines more efficient and less susceptible to
break downs. There can be many ways in which various Machine learning techniques can be employed to
predict faults and errors beforehand. Specifically in
a developing country like Pakistan, the power outage
can affect its economy a lot. So, devising the better
algorithm that can reduce the breakdown of power
plants should be the target. According to the data
obtained from a local power plant and testing it on
the two most popular ML techniques, it was concluded
that Artificial Neural Network proved to be more
efficient to model a prognostic maintenance system in
turbine system of a hydropower plant as compared to
Support Vector Machine classifier.
Moreover, the future work in this field can greatly enhance the industrial efficiency. This research targeted
a hydropower subsystem but it can be taken further to
oil power plants, nuclear power plants, even automation industries and many more mechanical systems.
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Abstract
The most recent trend in the vehicle industry is to manufacture light-duty vehicles which are efficient for shortdistance transportation. Therefore, many automotive industries are working to reduce the weight of vehicles which
helps to better handle vehicles and provide maximum efficiency. Nowadays, most of the vehicles run on fossil fuel
which is very harmful to the environment due to the high production of pollution as well as increasing cost because
of decreasing the sources of fossil fuels. Considering such issues, many researchers are working on alternative sources
which are easy to fabricate, maintain and eco-friendly. In this study, an air-driven engine is designed and fabricated.
A single-cylinder Honda engine is used for the experiment. From the results, it is found that the operating pressure
to run the engine ranges from 2-10 bar and the speed of the engine without load ranges from 600-800 Rpm. The
torque and power obtained at the different loads are 3.32 N.m and 217.24 W, respectively. The obtained power
output of the engine is enough to drive a small a lightweight vehicle such as a club car.

Keywords—Internal combustion engine, air-driven engine, lightweight vehicle, solenoid valve, Arduino.
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1

Introduction

I

n the last couple of decades, vitality preservation
and increasing carbon in the environment have
emerged as one of the most critical issues. For this
reason, researchers have been looking for answers to
decrease carbon dioxide discharge and enhance fuel
utilization. Under these conditions, researchers have
been likewise endeavoring to discover elective vitality
sources [1][2]. Compressed air is the one which is
at more than atmospheric pressure. It fills numerous
household and mechanical needs [3]. Compressed air
utilization in the pneumatic application has been illustrated for quite a while. Air motors, pneumatics
actuators and such distinctive pneumatics kinds of
apparatus are being utilized [4]. The compressed air
engine is the engine that runs on the compressed air
rather than the air-fuel blend consumed in the barrel
to drive the cylinder by extension waste gases [5].
Lamentably manufacturing of compressed air exclusively for the pneumatic vehicle is not moderate yet
in manufacturing industries. Compressed air is widely
utilized for some applications, for example, cooling,
drying, activating and evacuation metal chips. Moreover, as a type of vitality, compressed air contains no
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

fire or explosion hazards. As the most common substances, it is perfectly safe and viewed as thoroughly
green [6]. Endeavors are being made by numerous
designers and makers to ace the compressed air vehicle
innovation in all regards for its use by humanity [7].
In a recent study, a 4-stroke motor was adjusted into
a 3-stroke motor and was utilized to keep running on
compressed air innovation. Some test was performed
on the altered motor to contemplate the viability of the
motor [8]. As of now, a few organizations have begun
to create compressed air. A vehicle still has numerous
favorable circumstances and genuine bottlenecks to
handle. This quickly condenses the rule of innovation,
most recent advancement, preferences, and issues in
utilizing compressed air as a wellspring of vitality to
run vehicles [9]. The research was tested to advance the
air driven engine by modification of traditional spark
plug engine into an air driven engine. The expenditure
inquiry was calculated which shows the compressed air
engine becomes cheaper as compared to the traditional
spark plug engine [10].

2

Working Principle

The compressed air innovation is trivial if we tend to
compress traditional air into a cylinder. The air will
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hold some energy at the interim which can be used
as an invaluable function. At the point, when this
compressed air expands, the energy is discharged to
do work. Therefore, this vitality in compressed can
likewise be used to move the piston. This can be the
fundamental regulation of the air driven engine. Hence,
an air-driven engine is essentially a pneumatic actuator that makes helpful work by expanding compressed
air. The work done by air is employed to provide power
to the rotating shaft of the engine. On account of
the air-driven engine, there is no burning occurring
inside the engine. Therefore, it is non-contamination
and safer. It requires lighter metal since it does not
need to withstand higher temperatures, as there is no
ignition fuel and air. Here compacted air is the fuel and
it is fed directly in the cylinder. It essentially extends
inside cylinder and does helpful work in the cylinder.
This work done on the cylinder gives adequate capacity
to the crankshaft.

3
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Fig. 1: Recycled existing two-stroke engine

Methods & Materials

In this study, a single-cylinder 118 cubic centimeter
(cc) Honda engine was used. The piston-cylinder was
needed as an outlet and an exhaust in this research.
However, a typical four-stroke engine has few ports
and it additionally has the spark plug which was
not required. Therefore, few alterations were done on
the engine, for example, removing the petrol valve
mechanism, shutting the inlet valve, and expelling
the start plug from the cylinder head, etc. The spark
plug is replaced by an inlet and given an appropriate
connector at the head of the cylinder. It was required
to seal the inlet port so that the air cannot get away.
The automatic mechanical decompression system was
removed so that inlet port remains closed. The exhaust port stays unaltered because as the piston is
displaced from Bottom Dead Centre (BDC) to Top
Dead Centre (TDC), the exhaust port opens and air
gets discharged. The existing recycled engine is shown
in Figure 1.
As only air flows in the inlet, therefore, there was
no hazard of an explosion in the cylinder. Hence, no
need for the spark plug arised and the start plug was
expelled from its particular position. It is not possible
that the entry of the compressed air replaces the spark
plug as it is smarter to give air from the top of the
cylinder. Therefore, the connector which is utilized to
attach the pipe with a compressed air tank, must be
settled at the place of the start plug. The connector
has the same sized thread as on the spark plug.
For the valve actuation system, a valve disc was needed
to show the piston position in the cylinder. The disc

Fig. 2: Two-stroke air engine model

was cut out in some portion according to the piston position. A hacksaw was used to cut the desired portion
of the disc. The mechanism of the valve was handled
by a valve actuation system. The finished model of the
2-stroke engine is shown in Figure 2.
The valve used in the experiments was a 3/2 solenoid
valve. This valve is a constantly closing valve and
works only at a high voltage. Initially, a voltage of
24 v is supplied to the circuit. The circuit supplies
the high voltage to the valve and the valve gets open.
The circuit diagram for air-driven engine (as shown in
Figure 3, consist of an Arduino Uno, Solenoid Valve,
IR pair, transistor, resisters, batteries and switches).
The power supplied by the 7-volt battery to the Arduino Uno and Arduino Uno takes 5 volts for itself.
Since each part in this circuit works only on 5 volts, all
the components are given 5 volts by the circuit. The
emitter and collector were given a resister of 470 ohms
and 10000 ohms respectively in series to further lower
the voltage. The transistor works as a switch. The 24
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Fig. 5: Power Testing Apparatus

Fig. 3: Circuit diagram of the Valve Actuation system

SNO.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7

Speed(rpm)
616
670
688
700
732

TABLE 1: Speed of Engine at different pressure

Fig. 4: Arduino Coding for Valve Actuation System

measurement of the speed of the engine at the freeload
condition is shown in Table 1. After the measurement
of the speed of the engine, it was observed that the
speed of the engine depended on the pressure of the
engine. Figure 6 shows the relationship between pressure and speed. Before the measurement of torque and
power of the air-driven engine, it was necessary to
obtain the speed of the engine at different pressure
and different loads. A dynamometer apparatus was
installed to calculate the various values of speed at
different pressure and load. The readings obtained by
a dynamometer are shown in Table 2 - Table 7.
Different loads were applied to the air driven engine,

volts supplied to the solenoid valve is shown in the
Figure 4.

4

Results & Discussion

The methodology discussed in section 2 has been used
to design the air driven engine. This paper shows
the testing of the modified engine. The hypothetical
idea shows the practical usefulness of the air-driven
engine as the exploratory test was conducted on the
air driven engine. The altered engine was tested by
using a tachometer and dynamometer apparatus at
different values of compressed air pressure. The testing
of the engine was carried out to measure the speed,
torque, and power produced by the engine shaft. The

Fig. 6: Power Testing Apparatus
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S. No.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7
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Speed(rpm)
616
670
688
700
732

TABLE 2: Speed of engine at no-load condition

S. No.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7

Speed(rpm)
590
636
651
675
703

Fig. 7: Graph shows detected speed at different pressures and Load

TABLE 3: Speed of Engine at 0.5 Kg load condition

S. No.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7

Speed(rpm)
572
626
640
647
672

TABLE 4: Speed of Engine at 1.0 load condition

S. No.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7

Speed(rpm)
541
586
616
626
656

TABLE 5: Speed of Engine at 1.5 load conditions

S. No.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7

Speed(rpm)
534
571
600
617
647

TABLE 6: Speed of Engine at 2.0 load condition.

S. No.
1
2
3
4
5

Pressure (bar)
3
4
5
6
7

Speed(rpm)
472
518
550
587
623

TABLE 7: Speed of Engine at 2.5 load condition

i.e., 0.5 Kg, 1.0 Kg, 1.5 Kg, 2.0 Kg and 2.5 Kg at
different pressures, i.e., 3 bars, 4 bars, 5 bars, 6 bars,
and 7 bars to achieve desired level of speed. It was
observed that there was an average 26 Rpm reduction
in speed by at each 0.5 Kilogram increase in the load.
After getting the data from dynamometer, some calculations were required to obtain the torque and power
of the engine. After calculations, the following values
of torque and power were obtained.

5

Conclusion

The air-driven engine gives a workable technique to
produce power and transmission. From the results, it
was observed that the engine runs at 600-800 RPM
at the pressure of 3-7 bar, which shows that engine
speed was directly proportional to the pressure of
air supplied to the engine. Whereas, with the same
pressure of the supplied air, the engine produced a
torque of 3.32 N.m and a power of 217.24 W.
We investigated the potential of changing the standard
ignition engine into an air-driven engine. The compressed air fueled engine development is less expensive
in maintenance and is easily adapted by the masses.
The compressed air vehicles is a viable option that
gives the most thorough reaction to the present urban
sullying issues. The temperature of the fumes gases is
less than the air temperature and they do not cause
an unnatural weather change in contrast to the traditional engine. In this way, these vehicles are expected
to be safe to utilize, safe to clients and environment
cordial. This investigation additionally presents an
outline of the proposed future advancement of engine
for making it progressively productive for open use.
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Abstract
Social media video applications, such as TikTok, require smooth and uninterrupted data transmission. These
applications are time-sensitive and could not tolerate long delays in transmission caused by data transmission
protocols. For example, the congestion control and reliability check protocols, TCP and UDP, are used in today’s
Internet. TCP is a reliable transport layer protocol with congestion control mechanism which delivers the data in
an ordered manner and retransmits the data in case of errors. TCP needs improvement when used for applications
in which reliability could be compromised for high performance. UDP is suitable for time-sensitive applications, but
it has no mechanism to keep a smooth transmission in case of congestion. Datagram congestion control protocol
(DCCP) has been developed to overcome the weaknesses of TCP and UDP with more control on the congestion
and the timely delivery of data. It delivers the data in time and also has congestion control mechanism. This paper
compares the performance of advanced congestion control techniques of DCCP, such as CCID 2 and CCID 3,
over different networks through simulations. The proposed simulation networks are configured with a high speed
bandwidth and random link failures. The results show that CCID 2 (TCP-like) is better in dealing with network
congestion in a 5-node scenario. Whereas, on a 20-node scenario and a link failure scenario, CCID 3 (TFRC)
outperforms CCID 2 and TCP.

Keywords—TCP, UDP, DCCP, Congestion, Reliability.
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1

Introduction

T

he research on various real time applications,
particularly smartphone applications for streaming media, and web based games, question the reliability of the existing protocols such as TCP. Generally,
Internet utilize TCP and UDP for sending and receiving data for these applications [1][2]. TCP guarantees
an ordered data delivery and reliability. It means when
a data unit is lost, it has an effect on the processing
of new and existing data in the queue (for example,
the data present in the receiver buffer) due to the
duplicate re-transmission of the data. It also leads to
the possibility of the network congestion.
Normally at that point, TCP sender lowers its
data transmission which is not suitable for smartphone applications for streaming media. Thus, TCP
needs improvements for streaming media application.
Alternatively, if UDP is used for these applications,
it becomes challenging to recuperate from congested
network because of the design of the protocol.
Therefore IETF has introduced a new transport
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

layer protocol, named DCCP, which provides a reliable and advanced congestion control mechanism. It
is suitable for time-critical and real-time applications.
DCCP provides the options of using more than one
congestion control algorithms which are differentiated by congestion control identifiers. Currently, two
CCIDs are operational with DCCP. First is CCID 2
(TCP-like Congestion Control) and second is CCID 3
TFRC (TCP-friendly Rate Control) [3][4][5][6]. CCID
2 is based on a window stream control and is reasonable for bursty constant applications which essentially
need to move a large information in a short period.
Therefore, it is useful for online games and packed
encoded recordings. CCID 3 is suitable for real-time
applications where smooth changes in data rate are
expected, such as web based communication [7][8][9].
The experimental work on the behavior of TCP and
DCCP shows that CCID 3 is suitable for those application that need smooth data rate [10]. Another
study [11] on MPEG4 video over a congested network
by using TCP, UDP, CCID 2 and CCID 3 shows
that the variants of DCCP deliver improved quality
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of service. The parameters include data transmission
rate and the number of losses. However, the jitter in
the transmission is efficiently handled by the UDP.
Authors in [12] presented the performance of CCID
2 relative to the congestion variants of TCP, that
are NewReno, BIC and CUBIC. CCID 2, when combined with NewReno, increases the quality of service.
Whereas, combination of BIC and CUBIC with CCID
2 lowers the quality of service when RTT is more
than 25 ms. The work on Mobile adhoc networks [13]
for the implementation of DCCP shows that end-toend delay of TFRC is less than that of UDP and
TCP. The end-to-end delay of UDP increases with
the increase in the number of nodes. The monitoring
of jitter value in the given scenario also recommends
TFRC for the mobile adhoc networks. The researchers
in [14] evaluated the congestion control techniques of
DCCP in terms of power usage. The study concludes
that the DCCP is suitable for multimedia applications.
The researcher also find the need for the improvements
in the existing transport protocols for efficient transmission using multi-homing by CMT-SCTP protocol
[15][16][17]. However, no such suitable extensions for
DCCP have been hitherto found.

2

Overview

This section gives a brief theoretical background of the
protocols studied in this research.
2.1 TCP
TCP enables two systems to set up a connection and
begin correspondence through streams of information.
TCP consists of a set of IP headers and port number
that identifies the TCP communication.
Using TCP, Congestion occurs because of the transmission of large amount of data. During congestion,
large amount of data is at high risk of to be lost. The
delay in data transmission and the overflow are also
common consequences of congestion. To overcome the
network congestion, four algorithms are used by TCP
that include fast retransmit, slow start, fast recovery
and congestion avoidance.
Fast Recovery:
Fast Recovery algorithm has been used
widely over the Internet. After the initial
congestion is detected, the client retransmits few of the packets in order to reduce the congestion. In this algorithm, the
retransmit delay is not calculated and is
based upon the ratio of the amount of lost
data to the overall amount of data in an
interval of time.

44

Slow Start:
This algorithm balances the transmission
rate of the connection on the basis of parameters such as congestion window size.
Slow start occurs automatically every time
a packet arrives. This indicates that a TCP
connection is automatically slow starting,
unless the user changes the TCP packet
header with this option.
Fast Retransmission:
Quick retransmit is an upgrade to TCP
that decreases the time a sender holds
up before retransmitting a lost section. A
TCP sender normally utilizes a straightforward clock to perceive the lost fragments.
2.2 DCCP
The Datagram Congestion Control Protocol (DCCP)
is a transport layer protocol based on UDP. Additionally, it is capable of providing reliable connection and
congestion control mechanism and feature negotiation.
It overcomes the selective functionality problem in
TCP and UDP protocols. The main motivation to
design this protocol is to support timeliness in data
transmission and provide reliable data transfer with
congestion control. The core features of DCCP are the
following:
•
•
•
•
•
•

It provides unreliable flow.
It is reliable for connection initiation and connection termination.
It has feature negotiation ability.
It offers ECN-aware feature.
It contains advanced congestion handling.
It can also find the Path Maximum Transmission Unit (PMTU).

DCCP is equipped with options to transmit data with
TCP congestion mechanism as well as some advanced
congestion control techniques. congestion control is
mechanism for choosing between several congestion
control algorithms in DCCP. It can mainly use two
algorithms that are CCID 2 and CCID 3.
2.3 CCID 2
CCID 2 is a TCP-Like congestion control mechanism
which is based on AIMD strategy. CCID 2 takes the
benefit of available bandwidth which can adopt to the
changes of congestion window like TCP. CCID 2 has
the following features:
1)

The sender defines the initial window size and
continues to transmit as long as the data is
available and window space is free.
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2)

3)
4)
5)

2.4

One acknowledgement per two packets is used,
however, it can also be configured to other
settings.
Drop packets and ECN are used to predict
congestion.
In case of congestion, the algorithm reduces
the window size.
Selective acknowledgement is used like in
other protocols such as SCTP [18][19].
CCID 3

DCCP can be configured to CCID 3 mechanism. It
uses TFRC in order to reduce the network congestion.
The sender maintains the sending rate by observing
the lost event sent by the receiver and goes through
a constant sending rate for a specific duration. one
feature of CCID 3 is the use of ECN (Explicit Congestion Notification) which helps in providing end-toend congestion notification through adjusting ECN
in the IP header. TFRC is an advanced congestion
handling technique which maintains a specific transmission rate by calculating the throughput value. Generally, TFRCs congestion control mechanism has the
following features:
•
•
•

3
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In case of data loss, the receiver notifies to the
receiver.
The sender, with the help of the receiver’s
feedback messages, tries to maintain RTT.
The sender calculates the expected transmission rate by using the parameters of RTT and
the number of losses [3].

Simulation Environment

NS-2.35 is used to configure and simulate the proposed
scenarios. Two scenarios are proposed, as shown in
Figure 1 and Figure 2, to evaluate the performance of
TCP and DCCP variants (CCID 2, CCID 3). To analyze the performance, throughput is used as a criterion
and it is calculated in Mbps. Throughput is defined
as the total number of successfully received packets at
the receiver in one second. In the proposed scenarios,
the simulation parameter queue type is droptail, and
the queue size is 20 packets. The overall simulation
running time is 100 seconds. Three different scenarios are proposed to evaluate the congestion control
techniques, i.e. TCP, CCID 2 (TCP-Like) and CCID 3
(TFRC).
In scenario–1, there are 20 nodes in the topology
consisting of three senders (S1, S2 and S3), and three
receivers (R1, R2 and R3). Scenario–2 consists of five
nodes in the proposed topology: two senders (S1 and

Fig. 1: Scenario 1: 20 node topology

S2), and one receiver (R1) as shown in Fig 2a. In the
same 5-nodes topology, link failure is also added as
shown in Fig 2b.

4

Simulation Results

In this section, we will analyze the outcomes achieved
from our simulations in different scenarios. We compared TCP with CCID 2 (TCPLike) and CCID 3
(TFRC) in terms of throughput. We increased delay
from 10 ms to 500 ms for all scenarios and varied
bandwidth from 10 Mbps to 100 Mbps. In the second
simulation, we set a delay of 10 ms, 30 ms, 90 ms and
varied bandwidth from 10 Mbps to 100 Mbps.
4.1

Experiment 1: 20-Nodes Scenario

The experimental graphs of 20-node scenario are
shown in Fig 3. The horizontal axis shows delay or
bandwidth, and the vertical axis represents throughput in kbps.
Figure 3 shows that at low delay, throughput of CCID
2 (TCP-like) is greater than CCID 3 (TFRC). However, as delay increases, TFRC’s throughput is higher
than TCP-like and TCP. Similarly, Figure 3c shows
that the bandwidth increases from 10 Mbps to 100
Mbps at 10ms delay. It can be observed that at 50
Mbps and 80 Mbps bandwidth, TFRC’s throughput
decrease abruptly. Hence, it is concluded that throughput of TCP-like and TCP is less than that of TFRC as
shown in Figure 3. Our results show that in 20-nodes
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nisms acts differently in congestion scenario. CCID 3
uses TFRC mechanism in which sender maintain its
sending rate by the information advertised by the receiver. CCID 2 uses TCP based congestion mechanism
in which it simply reduces the congestion window.

((a)) 5 nodes

4.3 Experiment 3: 5 Nodes with Added Link Failure
In this experiment, the link failure is added in terms
of packet loss in the 5-nodes scenario. The packet loss
is randomly assigned to two links. The packet loss is
random, for example, in case of 10% packet loss, the
simulator randomly discards 10% of the data on the
given link by assuming that the link is in failure state.
In the topology, the link failure is applied on two links:
one between R1 and S2, and second between R1 and
PC2. The evaluation results of link failure scenario,
while changing bandwidth and delay, are presented in
Figure 5.
In link failure situation, it is concluded that TFRCs
performance is better than TCP-Like and TCP. It is
because in TFRC mechanism, as packets are dropped,
the sender regulates its transmission rate according to
its receiver rate.

5

((b)) 5 nodes with link failure

Fig. 2: Scenario 2: 5 nodes
scenario, TFRC’s performance is better than TCP-like
and TCP.
4.2 Experiment 2: 5-Nodes Scenario
The experimental results in terms of throughput of
DCCP variants (CCID 2 and CCID 3) and TCP are
shown in Figure 4. The throughput of DCCP variants is higher, as TCP re-transmits the loss packet
and reduces the congestion window to one-half of the
current value after occurrence of packet loss. On the
other hand, less number of lost packets are not retransmitted by CCID 2 and CCID 3 congestion control mechanisms. Hence CCID 2 and CCID 3 achieve
higher throughput comapred to TCP.
It is also noticed that the performance of CCID 2 is
better than CCID 3, as the congestion control mecha-

Conclusion

DCCP is a relatively new protocol and is still under
research with the perspectives of high rate data transfer, efficient congestion control and bandwidth usage.
Due to these appealing features, it is very promising
for applications such as online games, video streaming,
uploading large amounts of data, and selecting the
best links among multiple links. A number of scenarios are developed in this paper to configure DCCP
and TCP. Most of the developed scenarios are multipath scenarios. DCCP attains high QoS parameters
compared to TCP in the specified scenarios. It is
concluded that TFRC performs better than TCP and
TCP-like in link failure and 20-nodes scenario. The
analysis also shows that the performance of TCPlike congestion mechanism in terms of throughput is
greater as compared to TCP and TFRC in 5-nodes
scenario. Since the reliability and re-transmission of
loss packets in TCP is not suited for today’s real-time
applications, therefore, DCCP (CCID 2 and CCID 3)
could be preferable to TCP in all scenarios.
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Abstract
The application of load acting on a connecting rod during the combustion of fuel, often leads to the failure of the
connecting rod and engine case. In this study, a connecting rod was designed based on selected dimensions and
material in SOLIDWORKS tool. The connecting rod structural failure analysis under tension load has been carried
out using SOLIDWORKS Finite Element Analysis (FEA) tool with aluminum alloy (AL2024) and grey cast iron
material. The results show that with the selected design parameters and material, higher stresses are induced in the
middle region (I-section) of the connecting rod if it is made of grey cast iron. The deformation of the model made
of grey cast iron is also worse than the AL2024. The elongation of grey cast iron material is higher than the Al2024
by 0.1634 mm, and 0.14947 mm in Al2024 material. This study concluded that for better connecting rod design,
the aluminum alloy Al2024 is a suitable material with very light weight and high tensile strength under 20kN load.

Keywords—Connecting rod, internal combustion engine, FEM, cast iron, aluminum alloy 2024, grey cast iron
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1

Introduction

T

he connecting rods are always subjected to various loads that induces bending, tensile and
compressive stresses due to their complex working
movement [1] [2]. Connecting rods can be made of
various ferrous and non-ferrous metals with different
grades such as structural steel, alloy steel, aluminum,
aluminum alloys and titanium [3]. If the light weighted
connecting rods are used in engine, they can help to reduce lead which is caused by the inertia forces because
it does not require a heavy/large weight balance system on the crankshaft. The production of aluminum
connecting rods reinforced with steel continuous fibers
has already been started by Honda company [4].
If the connecting rods and pistons are made of light
weighted material, the engine will be safe from vibrations, as vibrations also have a major impact on the
failure of engine parts [5] [6]. The manufacturing of
IC engine connecting rods are typically carried out by
various processes such as hot forging and casting [7]
[9] for automotive applications. The connecting rods
are commonly made of different materials such as steel
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

and cast iron for production engines in modern automotive IC engines, but can also be made of aluminum.
Aluminum is light and at the expense of durability, it
can absorb the high impact with good manufacturing
abilities [10].
The connecting rods used in tractor vehicle engines
are mostly made of cast iron through the metallurgy of forging or powder [11]. The connecting rods
for production engines are also made of steel, highstrength aluminum, high-performance titanium and
motor scooter cast iron [12]. The material properties
play an important role in the final element analysis
result, which is why C-70 grade steel is used in connecting rod design [13]. The AISI / SAE 4140 steel is widely
used as material in the designing of the connecting
rods, which basically is a low alloy medium carbon
steel [14]. As connecting rod material, the cast steel
grade AISI 1045 was used in [9]. Steel and aluminum
are the materials used for connecting rods, whereas
casting, forging and powder metallurgy are the manufacturing process followed by most manufacturers [15].
The engine connecting rods are under the forces resulting from the combustion of fuel. These types of forces
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S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Source
[3]
[4]
[5]
[7]
[9]
[10]
[13]
[16]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
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Amount of Load
22.397kN
95kN
22.396kN
36.595kN
43.926kN
39.473kN
26.7kN
0.677kN
31.415kN
16.56kN
33.609kN
15.39kN
14800kN
39.473kN
95.740kN
4.319kN

TABLE 1: Summary of load applied on connecting
rods

result in the development of stresses of axiality and
bending. The bending failure may be caused by the
crank shaft eccentricity, cylinder wall deformation and
rotational forces [16]. The excessive burnt gas pressure
results in high centrifugal forces that usually produce
tensile, compressive and bending stresses [17] [19].
The connecting rods are always subjected to heavy or
large stresses because of the reciprocating forces and
pressure applied through engine piston, causing elongation and compression during each stroke. Whereas,
increasing engine speed also results in increasing load
which affects the power transmission [20] [21].
1.1

Material and Load Selection

Bari et al. [23] conducted a study on the design
of connecting rod using Sulphur as a design material. In other studies [17] [1], the researchers used
aluminum and magnesiumm (AL-Mg) alloys for the
design of connecting rods. The AL6061 Sic Flyash
AL360 can also be used as connecting rod material
for considering light weight material [4]. In various
other studies, researchers also used steel-aluminumtitanium [5], aluminum-titanium [18], aluminum alloy
[6], aluminum alloy 7075 [20], stainless steel (SS304)
[22], aluminum alloy 7068, T6, T6511 [24], steel C-70
[13], and forged steel [10].
In this paper, a connecting rod for IC engine was
designed and analyzed for its tensile strength under
a constant tension load (20kN) acting on it due to
the combustion of fuel inside the engine cylinders. The
load applied on the connecting rods is different as per
the type of application. Most of the connecting rods
of small engine, investigated in the relevant literature,
are summarized in Table 1.

Fig. 1: 3D model of connecting rod

2

Materials & Methods

The connecting rod was designed by SOLIDWORKS
tool, based on dimensions chosen from literature review as shown in Figure 1. The material selection was
done through the previous study survey and in this
study two type of materials, AL2024 and Grey cast
iron, were used. The designed connecting rod was then
simulated for its tensile strength analysis at a constant
load of 20kN. This load actually acts on the connecting
rod during the combustion of fuel in the cylinder of IC
engine. The burnt gases produce various forces such
as tension and compression. As these forces repeat
in each cycle, therefore, fatigue is also one of them.
These forces are considered to be the major cause
of connecting rod failure. Therefore, the connecting
rod should be designed according to the perspectives
of safety and durability with a high strength based
on suitable material selection and design parameters.
The physical properties of AL2024 and grey cast iron
are illustrated in Table 2. The material AL2024 has
a higher tensile strength than the grey cast iron.
Whereas, the elastic modulus of grey cast iron is higher
than AL2024, which can save the grey cast iron form
quick failure. The failure criteria of AL2024 and grey
cast iron are based on maximum von-mises stress.
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Quantity
Tensile strength
Elastic modulus
Poisson’s ratio
Mass density
Shear modulus
Thermal expansion coefficient
Default failure criterion
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Materials
Grey Cast Iron
AL2024
4.7 × 108 N/m2
1.51 × 108 N/m2
72.4 × 109 N/m2
66.17 × 109 N/m2
0.33
0.27
2780 kg/m3
7200 kg/m3
2
28 × 109N/m
50 × 109 N/m2
−5
1.2 × 10−5 /Kelvin
2.32 × 10 /Kelvin
Max Von Mises Stress Mohr-Coulomb Stress

TABLE 2: Physical properties of AL2024 and Cast iron

Fig. 2: Von-misses stress of AL2024

3

Results & Discussion

The designed connecting rod was simulated in SOLIDWORKS simulation tool based on the static study.
The smaller end of the connecting rod is assumed
to be a fixed surface with the piston pin at piston
end. Whereas, the larger end is connected with crank
shaft and open bearing. This end is subjected to a
tension force of 20kN, which acts on the outward
direction of the connecting rod. The applied load of
20kN was assumed to be the burnt gasses load due to
the combustion of fuel in the engine cylinder.
The simulation was carried out based on the types of
materials used for design of the connecting rod. The
results are further elaborated and discussed in subsections of AL2024 and grey cast iron.
3.1

Fig. 3: Resultant displacement of AL2024

Aluminum Alloy (AL2024)

The aluminum alloy AL2024 is a light weight material
and is usually used in all automobile components.
AL2024 mostly fails in maximum von-mises stress criterian, where the maximum stress induced in the connecting rod of this study was 1.695×108 N/m2 at node
13984. Moreover, the least value of stress was induced
at node 15041 with the value of 64.578 × 103 N/m2
as shwon in Figure 2. The equivalent strain value of
AL2024 with its maximum and minimum values are
0.001787 at element 6507 and 4.825 × 10−7 at element

Fig. 4: Equivalent strain of AL2024

8840 respectively. The results are shown in Figure 3.
The elongation taking place in the AL2024 model was
measured to be 0.14947 mm at node 289, as shown in
Figure 4.
3.2

Grey Cast Iron

Grey cast iron mostly fails in maximum von-mises
stress criterian, where the maximum stress induced in
the connecting rod of this study was 1.703 × 108 N/m2
at node 13954. Moreover, the least value of stress
was induced at node 15041 with the value of 62.8 ×
103 N/m2 , as shown in Figure 5.
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Fig. 5: Von-mises stress of Grey cast iron

Fig. 8: Comparative results of Stress

Fig. 6: Resultant displacement of Grey cast iron

Fig. 9: Comparative results of Equivalent Strain

Similarly, the maximum deformation is observed
in the element 6507 with the value of 0.00187, and the
lowest deformation was observed to be 5.52 × 10−7 at
the element of 8840. The simulation results are shown
in Figure 6. In this material, the maximum elongation
was observed at node 289 to be 0.1634 mm, as shown in
Figure 7. The comparative results of stress for AL2024

and grey cast iron are shown in Figure 8. The results
show that in grey cast iron the induced stress level was
higher as compared to AL2024 in all elements of the
model. This is because the tensile strength of AL2024
is higher than the grey cast iron, therefore, the results
show that AL2024 was safe from the failure. On the
other hand, the results of strain in both materials show
that the deformation taking place in grey cast iron is
more than that in AL2024, as shown in Figure 9.

4

Fig. 7: Equivalent strain of Grey cast iron

Conclusion

The aim of this study was to design a connecting rod
with most suitable material selection based on the
constant load of 20kN application. The load acts on the
connecting rod in the form of tension at the piston and
crank ends. The two materials were selected through
literature review and the model was analyzed for both
material tensile strengths based on the design parameters of the connecting rod. This study concluded that
the higher stresses are induced in the middle region (Isection) of a connecting rod if it is made of grey cast
iron.
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The deformation of model made of grey cast iron is also
found to be worse than that in AL2024. The elongation
of grey cast iron material is higher than AL2024
with values of 0.1634 mm, whereas, 0.14947 mm in
AL2024 material. This study concluded the for better
connecting rod design, AL2024 is a suitable material
with very light weight and high tensile strength under
20kN load.
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Abstract
Flexible pavements are commonly used in the world. The durable performance of flexible pavement is a very important
factor that is being considered. Due to the large traffic loads, certain difficulties develop because flexible pavements
undergo specific deformations. In developing countries such as Pakistan, where there is an economic problem, some
special corrective measures are required to improve the performance of Hot Mix Asphalt (HMA). The performance
of the HMA and its internal properties can be improved through the use of mineral waste fillers to save pavement
construction. In this study, the performance of HMA was investigated using different mineral fillers. The type of
minerals, used to verify the performance of HMA, was Stone Dust (SD), Brick Dust (BD) and Fly Ash (FA). The
Marshall Mix Design criteria (ASTM D1559) were adopted to investigate the volumetric properties of HMA. In
addition, the optimal amount of each mineral load was determined using the Marshall Mix design. The prepared
conventional samples were compared with the modified filler samples. The modification of AMF using mineral load
was made by varying the percentages of fines from 5% to 9% with an increase of 0.5% in each sample of the
mineral load. However, the general modification was made by the weight of the aggregates present in the total
mixture. The bitumen used was grade 60/70, taken from Attock Refinery Limited Pakistan. The use of 7% of FA
showed the best results and the improvement of 31.60% of instability and against this stability, vertical deformation
of 4.50 (mm) was observed. The results also showed that using 5% or less of mineral fillers have adverse effects on
stability. This study highlighted the effect of mineral fillers to achieve a strong, durable resistance and the ability
to withstand certain discomforts related to temperature and moisture load. Therefore, it can be concluded that the
lasting performance of HMA is possible using mineral fillers.

Keywords—Brick Dust, Fly Ash, Flow, Hot Mix Asphalt, Mineral Fillers, Marshall Mix Design, Stone Dust, Stability.
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1

Introduction

T

he flexible pavements are being constructed all
over the world.The huge amount of economy is
being consumed on the evaluation and rehabilitation
of the flexible pavements.Some of the common distress
are being found after the construction of the pavements like fatigue cracking, permanent deformation
(rutting), thermal cracking is being observed soon after the opening of the pavements due to the heavy axle
loads. As a result, it affects the pavement life and forces
the Highway experts and researchers to rethink the
pavement performance.Until now so many researches
have been done to improve the performance-related
distresses of the HMA in order to improve the life
of the flexible pavement by the addition of small
ingredients. The performance and for the achievement
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

of the long-lasting benefits of in flexible pavements, it
is necessary to add some additives for the modification
of the HMA [2]. The addition of the mineral fillers
in the HMA is founded to be very effective, as they
improve the external as well as the internal properties
of HMA and proved them to be the best modifier. To
check and improve the performance of HMA especially
in developing countries additions of the Mineral fillers
HMA play a vital role. In this manner, the domestic
waste can be reduced and the strong road structure can
be achieved [3]. There are so many benefits of fillers as
safe efficient and long-lasting roads that can withstand
heavy traffic loading. One of the main merits is that
the waste can be reduced while using the Mineral fillers
of Fly Ash Stone dust and Brick Dust. While going
through the economic analysis of these Mineral Fillers
it can reduce the cost up to some extent. It can be also
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concluded that modified pavements are more economical as compared to the unmodified asphalt pavements.
The above-mentioned fillers generally passing #200
sieve are the components of the mineral aggregate
that fill up the voids and occupied the spaces between
the coarse aggregates and increases the stability and
density of HMA. One type of small ingredients that
can change the function of HMA is different types of
Mineral fillers.Therefore during the processing of HMA
Design, one should have to take care while selecting
the materials. For the performance of pavement, in
the long run, the addition of adequate materials at an
appropriate proportion is very necessary. Basically, the
HMA is a combination of binder, aggregates, and air
present in it resembles the physical properties of HMA
and also shows the performance of HMA as a pavement
[3]. Mineral fillers having the physical size passing 200mesh sieve (smaller than 75 microns). Mineral fillers
were only considered for filling up the voids and for the
gradation criteria beside these it has great importance
and it can improve the performance of HMA [5]. The
use of mineral fillers in a mixture commands over
the internal properties of a bitumen as the aggregate
and bitumen has the better adhesion. It increases the
fatigue resistance and the overall reduces the pavement
deformation. About the air voids the statement was
not to be more than 4% [8]. After going through
number of researches I conclude that using fillers in
bituminous mixes enhance various properties. Use of
fillers not only helps in improving the quality of mixes
but also helps in usage of various waste materials as the
basic ingredients of the paving mixes thus, reducing
the problem of these materials going as a waste [11],
if the benefits of the fillers are considered, then along
with filling the empty spaces, less amount of asphalt is
required in HMA, good gradation of aggregates can be
achieved, shows an increment in the stability of HMA,
along with that better bonding properties can be
achieved [9]. Marshall Stiffness is the sign of opposition
to the vertical deformation caused by heavy loading. If
the value of stiffness is high then it means that HMA
will show good opposition to permanent deformation
which can be made possible by using mineral fillers
[10]. Durable mix have the capability to show resistance against abrasion which is occur due to tires [4].
For mixes prepared using 5%, to 9% mineral fillers,
the desirable flow and stability values can be achieved
relatively [1]. Marshall Stability test is performed to
determine the OAC and the testing specimen shall be
prepared by combining varying percentages of bitumen
ranging from 4.5% by the weight of aggregates to 6.5%
with an increase of 0.5% for each type of fillers. The key
function of fillers is to fill the remaining voids by coarse
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and fine aggregates in the hot mix. Fillers used in this
study are brick dust, stone dust and fly ash. Fly Ash,
Stone dust and brick dust finer than 0.075 mm size
sieve can be used in the Asphalt concrete for the comparison and can be economical. According to Asphalt
Institute (AI) the use of Mineral fillers in the HMA
are recommended from 4 to 8%.FA is achieved through
the practice of burning of organic material named as
coal. Fly ash possesses pozzolanic properties similar
to those of natural volcanic pozzolans. A pozzolans
has limited cementations value by itself. If fly Ash is
chemically, analyzed it has the different ingredients
like iron oxide, silicon dioxide and aluminum oxide.
Advantages of using fly ash besides the economic and
ecological benefits include improvement in workability
and reduction in bleeding.

2

Research Objectives

The main objectives of this research is the bond formed
between the binder and aggregate particles should be
pure, to achieve the best performance of HMA. To conclude the optimum amount of AC for different Mineral
fillers ratios of HMA. And to check out the stiffness
of Hot Mix Asphalt by the addition of Mineral fillers.
To find out a reasonable range of Mineral fillers that
synthesis the best performance of Hot Mix Asphalt
(HMA) in all respects. To achieve the best volumetric
properties Of Marshall Mix by the addition of the
Mineral Fillers.

3

Material & Mixed Design

The following sections cover the description of the
coarse aggregate, fine aggregate, bitumen and mineral
fillers used in this study. The gradation of these particles has been summarized in Table 1. The material
characterization of the aggregates used has been summarized in Table 2. The bitumen used in this study was
of 60/70 grade Attock Refinery limited Pakistan. The
physical properties of bitumen have been summarized
in Table 3. The filler’s gradation specifications have
been summarized in Table 4. For the achievement of
OAC (Optimum Asphalt Content), all the ingredients
of the HMA should have to be blended in the specified
amount. The physical properties of the hot mix are
highly dependable on the amount of binder and the
aggregate that has been used in the mix. For the
determination of these properties Marshall Mix design
(ASTM D 1559) criterion has been used. Some of the
volumetric properties and the behavior of the mix
design on conventional samples have been summarized
in Table 5.
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Sieve Sizes (in)
1
3/4
1/2
8-Mar
#4
#8
#16
#30
#50
#100

Sieve Sizes (mm)
25.4
19.1
12.7
9.5
4.75
2.36
1.18
0.6
0.3
0.15

% Passing
100
95
83
65
46
30
20
13
9
6

AC%
3.5
4
4.5
5
5.5

Specifications

Abrasion value
Crushing strength
Impact value
Flakiness
Elongation
Angularity No
Specific gravity
Water absorption

ASTM C 535
AASHTO T 96
B.S 812 &
IS 383
BS 812 &
IS 383
ASTM D 4791
ASTM D 4791
ASTM D 4791
AASHTO T
85-88
AASHTO T
85-88

Results

Range

16%

<40 %

6%

<15%

8.17%

<10 %

12.21%
11.82%
8

<15 %
<15 %
0-11

2.69

2.5-3

0.29%

Max 2%

TABLE 2: Material characterization of aggregates

Property
Bitumen
grade
Penetration
at 25c
Softening
point
Flashing
Point
Fire
Point
Ductility
test

Specifications

Results

Range

AASHTO T49

60/70

60/70

AASHTO T49

64mm

60-70mm

AASHTO T53-89

42 C

30- 157 C

ASTM-D-92(C )

248 C

240- 260 C

ASTM-D-92(C )

268 C

260- 290 C

AASHTO T179

73 cm

60-85 cm

TABLE 3: Physical properties of Bitumen

Size
Sieve
Size
#30
#50
#200

%Passing
100
95- 100
70-100

OI

PI

Mineral filler should
avoid an organic content
or impurities

PI<4

TABLE 4: Fillers gradation specifications

GMB
2.35
2.33
2.34
2.32
2.3

GMM
2.56
2.58
2.54
2.51
2.5

Air Void
5.9
4.6
3.5
1.8
1.3

VMA
19.9
19.8
20
19.8
19.4

VFA
70
76.8
82.6
90.8
93.3

TABLE 5: Marshall mix design results for conventional
samples
AC %
3.5
4
4.5
5
5.5

TABLE 1: Target gradation for aggregates

Material
Properties
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Stability (kN)
16.84
18.34
19.55
24.98
15.04

TABLE 6: Stability results

4

Testing & Methods

For the characterization of the aggregates the Abrasion
value test, Crushing strength of the aggregate test, Impact value of the aggregate, Flakiness test, Elongation
test, and the specific gravity test has been carried out.
For finding the physical properties of a binder used
in the hot mix asphalt, the penetration test using
a penetrometer, Softening point test using ring ball
apparatus, ductility test by using ductile meter along
with the flash and fire point using cleave open cup apparatus have been carried out. The optimum Asphalt
content (OAC) has been found out by the Marshall
Design Criterion. In Marshall Mix design three tests
have been carried out. These three tests were the Gmb
test, Marshall Stability and flow test along with the
Gmm test. For the aggregate characterization, the
gradation curve has been followed. For the determination of the optimum Asphalt content 15 samples
have been prepared for the various percentages of
the bitumen (3.5%, 4%, 4.5%, 5%, and 5.5%). The
optimum Asphalt Content was founded to be 4.30%
shown in figure 2. For the purpose of OAC for the
modified samples using mineral fillers, the same Mix
design has been followed. The percentages of mineral
fillers were 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%
and 9%.Furthermore, the Marshall properties have
been compared with conventional samples along with
the volumetric analysis. The stability values have been
summarized in Table 6 and Figure 1.
The optimum Filler content for BD against 4%
recommended by the AI is determined to be 7.8%.
Figure 4 shows that as the quantity of BD is increasing
the AV is decreasing. The optimum Filler content
for FA against the 4% AV recommended by the AI
is determined to be 7%. Figure 5 shows that as the
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Fig. 4: Brick dust vs. Air Voids
Fig. 1: Determination of optimum Asphalt content

BD
(%)
5
5.5
6
6.5
7
7.5
8
8.5
9

Gmb

Gmm

2.3
2.31
2.4
2.43
2.4
2.35
2.41
2.41
2.45

2.46
2.46
2.54
2.54
2.5
2.42
2.48
2.48
2.52

Aid
Void(%)
6.61
6.28
5.61
4.41
4.06
3.24
2.99
2.97
2.8

VMA
(%)
11.43
14.29
17.6
19.6
19.67
24.18
27.47
27.47
27.47

VFA
(%)
49.79
55.26
62.79
96.9
81.99
73.14
79.05
79.05
79.05

TABLE 8: Final results of fly ash

Fig. 2: The optimum asphalt content of Conventional
samples was founded to be 4.30%

quantity of FA is increasing the AV are decreasing.

5

Conclusion

The optimum amount of Fly Ash was found to be 7%.
By the addition of 7%, FA has shown an improvement
of 31.60% in dry condition. The Gmm value was found
to be 2.50 and the Gmb was found to be 2.40. So
it was satisfying the condition that Gmm should be
greater than Gmb. The value of flow against 7% FA
was 4.50 (mm) which was within the specified criteria.
The volumetric properties like Voids Mineral aggregate and voids fillers aggregate 19.67% and 81.99%.
The optimum amount of stone dust (SD) was found
Fig. 3: Flow (mm) vs. Asphalt content
BD
(%)
5
5.5
6
6.5
7
7.5
8
8.5
9

Gmb

Gmm

2.3
2.3
2.3
2.31
2.35
2.35
2.41
2.43
2.48

2.5
2.5
2.44
2.44
2.47
2.46
2.5
2.5
2.48

Aid
Void(%)
8.11
8.11
5.78
5.41
5.01
4.7
3.68
2.96
0.32

VMA
(%)
12.13
15.72
17.55
19.76
21.73
23.89
26.32
26.32
26.31

TABLE 7: Final results

VFA
(%)
46.56
62.27
90.7
76.94
73.8
68.34
92.15
92.15
92.15

Fig. 5: Fly Ash Vs Air Voids
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BD
(%)
5
5.5
6
6.5
7
7.5
8
8.5
9

Gmb

Gmm

2.3
2.34
2.35
2.36
2.4
2.38
2.45
2.45
2.47

2.63
2.52
2.51
2.51
2.52
2.47
2.52
2.51
2.52

Aid
Void(%)
9.31
7.33
6.38
6.34
5.02
3.65
2.78
2.56
2.16

VMA
(%)
12.88
16.17
17.73
18.94
21.16
22.85
25.41
27.41
25.41

VFA
(%)
43.45
92.16
87.65
101.05
94.81
142.2
87.9
87.9
87.9

TABLE 9: Final results of stone dust

found to be 2.38. So it was satisfying the condition that
Gmm should be greater than Gmb. The value of flow
against 7.8% BD was 4.10 (mm) which was within the
specified criteria. The volumetric properties like Voids
Mineral aggregate and voids fillers aggregate 25.10%
and 80.24%. The value of VMA is increasing from the
specified criterion. From the above conclusions, the
addition of 7% FA is recommended to be the best
mineral filler and has shown the better performance
of the HMA.

6

Fig. 6: Stability analysis

to be 7.5%. By the addition of 6.5%, SD has shown
an improvement of 20% in dry conditions. The Gmm
value was found to be 2.47 and the Gmb was found to
be 2.38. So it was satisfying the condition that Gmm
should be greater than Gmb. The value of flow against
7.5% SD was 3.4 (mm) which was within the specified
criteria. The volumetric properties like Voids Mineral
aggregate and voids fillers aggregate 22.85% which was
exceeding and 142.05%. The VFA and VMA have exceeded the specified criterion. The optimum amount of
Brick dust (BD) was found to be 7.8%. By the addition
of 7.8%, BD has shown an improvement of 29.25% in
dry conditions. But below 5.5% BD reduces stability.
The Gmm value was found to be 2.48 and the Gmb was
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Recommendations

The stability and the performance of HMA can be
improved by using FA as a mineral filler. The waste
FA can be easily available from the factories so it can
be used as a modifier in HMA which decreases the
reconstruction and maintenance budget of the total
economy in developing countries like Pakistan. At
presently no proper specifications are available for such
areas where the temperature, moisture, and loading
related distress are more than a required level. For
such areas, FA is recommended strongly. Mixing of
mineral fillers can be done by two processes, one is
to reduce the amount of the AC and the other is to
add the mineral fillers by reducing the percentages
of fine in a specified gradation. SD and BD have
the ability to absorb the bitumen up to some extent
which affects the binding properties of HMA. Further
research work can be carried out in this area. By the
chemical analysis of the FA, it has some of the same
ingredients that are also found in bitumen. More focus
is required to enhance the properties of FA. Repeated
load of the heavy traffic has an adverse effect on the
stability and other volumetric properties, therefore, a
further study is required in order to modify the HMA
using mineral fillers at economical and a reasonable
cost. The stability of modified HMA by mineral fillers
especially using FA may be studied further for the
betterment of the road networks.
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Abstract
This study aims to analyze the effect of different austenitizing temperatures on the resistance to impact load
(or impact energy) and hardness of a medium carbon steel grade SAE 1040. Steel casting at a significant level
is done using heat treatment methods, including the study of mechanisms for improving mechanical properties.
Mechanical properties of steel at different temperatures for heat treatment are studied and the interaction between
the temperature, hardness, and strength of the material is observed. Specimen were heated to temperatures of
700◦ C and 900◦ C to obtain austenite phase at different fractions. After austenitization of 90 minutes, specimen
were quenched in water, cooled in air and furnace. Heat treatment at the temperature of 900◦ C for 90 minutes,
then cooling in furnace resulted in the highest value of impact energy. Heat treatment at the temperature of
900◦ C for 90 minutes, then quenching in water resulted in highest hardness value. It was observed that the best
combination mechanical properties were obtained by normalization at 900◦ C. From the results, it is evident that
the heat treatment improves the mechanical properties of as-casted steel.

Keywords—Impact energy, hardness, Mechanical properties, water, air and furnace.

F

1

Introduction

V

arious materials are available for manufacturing
machine parts. Carbon steel is in wide acceptance
due to its mechanical properties (high strength and
toughness, etc.) and plays an important role in the
manufacturing crankshafts, couplings, gears, shafts,
axles, cold-headed parts, screwdrivers, pliers, Train
tracks, supporting columns, concrete reinforcement
plates, shipbuilding, boiler tubes in power plants, oil
and gas pipes, vehicle radiators, cutting equipment
and many other engineering tools. Heat treatment
with cooling rate controls the diffusion rate and microstructure by changing the molecular arrangement and
size of grain at various phases of a material that
enable metals and alloys more suitable for particular
applications [1][2].
The material modification process, such as cryogenic
heat treatment, positively modifies steel’s properties
to get the best out of service life, i.e. stress relieving
or strengthening properties. In general, heat treatment is defined as (i) thermal treatment comprising of hardening process: hardening and then tempering, softening process: normalizing and annealing,
ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

(ii) thermo-chemical process comprises of nitriding,
boronizing, carburizing, and (iii) thermo-mechanical
processes consisting of mechanical activity during the
heat treatment period. Although heat treatment is not
a new technique, no effective use has been made of the
fact that most researchers are looking at the process in
general. The satisfactory results from these rich steel
materials have still not been obtained for improvement/modification, especially consdiering that most steel
products were made of recycling scrap materials.
Heat treatment is the term used for any method which
changes the physical properties of a metal through
heating the metal to a temperature that is in austenite
range. Subsequently, the metal is cooled with appropriate cooling rate that creates grain size and types
of grains which in turn actually controls the physical
properties. Strength, ductility, hardness, toughness,
and wear and corrosion resistance can be easily modified by heat treatment techniques including annealing,
normalizing, hardening, tempering, case hardening,
precipitation strengthening [1]. Annealing is the process of heating a metal to austenitization temperature for a particular time period and then cooling it
down to room temperature in a furnace. On the other
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hand, normalizing is the process of heating a metal
to austenitization temperature for a particular time
period and then cooling it to room temperature in air.
Another process, referred to as hardening, is heating a
metal to austenitization temperature for a particular
time period and then immediately quenched in water
or oil. Tempering is the heat treatment technique in
which hardened specimen is heated to a temperature
below the lower austenitization temperature [1]. Steel
becomes very hard but also brittle if it is heated till
it becomes glowing red and then directly quenched in
clean water. In fact, if the red hot steel slowly cools, it
is easier to cut, form and file as it is relatively soft. The
industrial thermal processing is highly complex and is
based on a precise and sophisticated technology [1][2].

2

Literature Review

The American Society for Metals, the American
Foundry Men’s Association, and the Society of Automotive Engineers have adopted a brief glossary of
terms for heat treatment. The water’s cooling capability is considered as unity with the quenching
severity parameter H [3]. The H parameters of different quenching media showing the ability to remove
heat during the quenching process are thus contrasted
with those of the water. The highest possible cooling
capacity for most alloy steels is achieved with mineral
oils, but these are relatively non-biodegradable, costly
and toxic [4]. Consequently, in the past, comprehensive
work has been done on replacing mineral oils with
aqueous chemical and polymer alternatives. Specimen
of medium carbon steel containing 0.36% carbon are
heated for 1.5 hour at temperature of 850◦ C and
then normalized in air and hardened in Palm oil and
water. Specimen hardened in Water has higher tensile
strength (894 MPa) and hardness (RHN 47). Whereas,
Palm oil quenched has higher toughness value of 17
J [5]. Specimen of medium carbon steel (containing
0.34% carbon) are heated at 910◦ C for 1.5 hour and
then cooled in furnace and air. For hardening, medium
carbon steel is heated at 910◦ C for 40 minutes and
quenched in water. Hardened specimen are then carried for tempering at a temperature of 450◦ C for 90
minutes.
Relative to other heat treated specimens, hardened
sample has the lowest ductility and resistance to affect
the highest hardness and tensile strength. Annealed
specimen has higher values of toughness. Heat treatment for normalization leads to a higher hardness and
tensile strength relative to the specimens annealed.
The tempered specimen shows an improvement in
tensile strength and hardness in the untreated sample.
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The untreated microstructure has been observed in ferrite and perlite. Annealed has graphite flakes in ferrite,
normalizing has graphite flakes in perlite, hardened
has graphite flakes in martensite, and final tempered
has graphite flakes in martensite [6].
Medium carbon steel contains 0.51% carbon with
0.41% copper, or 0.54% carbon without copper. Annealing samples are heated at 200◦ C, 400◦ C, and
600◦ C holding each for 15 minutes and at 650◦ C for 1
hour. Afterwards, the samples are cooled in a furnace
to 520◦ C. The furnace door is then opened for cooling
until red heat is gone. The samples are then quenched
in oil to room temperature. Tempering samples are
then tempered one by one at 200 , 400◦ C and 600◦ C
for 60 minutes.
Compared with the medium carbon steel with copper,
the medium carbon steel without copper has the lower
hardness and tensile strength. The hardness of both
types of steel decreases as the tempering temperature
increases. Medium carbon steel containing copper has
a poor ductility relative to copper free medium carbon
steel. Ductility of both grades of steel increases as
the temperature of tempering process increases [6].
Medium carbon steel (containing 0.33% carbon) are
austenitized at 900◦ C for one hour, and are then
quenched in water at temperatures of 35◦ C, 50◦ C,
65◦ C, 80◦ C and 95◦ C. The Rockwell hardness testing
machine is used for the measurement of hardness. The
impact test is carried out using the balanced impact
machine Hounsfield. The tensile test is conducted on
the Hounsfield Tensometer.
Whereas hardness is a water-quenched steel’s desired
property, quenching at 65◦ C gives the best results. The
toughness of water-quenched medium carbon steels
can be greatly improved by only slightly decreasing
the hardness and increasing the water temperature to
95◦ C. Water quenching can be used to achieve better
mechanical properties for low carbon steel without the
need for additional energy tempering or quenching in
certain harmful and/or costly oils [7]. Water quenching
has been used to harden the steel since centuries. It
can be represented as rapid metal cooling from the
temperature treatment solution, usually in the range
of 845◦ C to 870◦ C for steels. Quenching is typically
done to prevent precipitation of ferrite or pearlite,
and facilitating the formation of martensite or bainite
formation [8]. In the hardened conditions, steel should
be 100% martensite to achieve maximum yield [9].
The severity of water makes the hardened steel brittle,
and in some cases, also leads to the formation of
internal cracks, thereby restricting their engineering
application. The deficiencies of water-quenched steel
have led to the development of hardening and tem-
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C
0.37 - 0.44

Fe
98.6 - 99

Mn
0.60 - 0.90

P
0.040
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S
0.05

TABLE 1: Chemical composition of SAE 1040 steel by
wt. %.
pering of heat treatment, as all hardened steel is
tempered. With tempering, it is possible to alter the
properties of quenched steel to lessen the hardness and
improve impact energy and ductility [9]. One way of
minimizing dimensional distortion and cracking during
quenching is to reduce the difference in temperature
between different areas of a component (or sample).
This frequently includes the application of aqueous
polymer or oil alternatives to control heat transfer
during quenching [8].
The study presented in this paper analyzes the effect of
different austenitizing temperature of medium carbon
steel of grade 1040. The toughness and hardness are
analyzed for the enhancement of mechanical properties
of medium carbon steel of grade 1040. Mechanical
properties of steel are studied for heat treatment.
Different temperatures and the interaction between
temperature, hardness and strength of the material is
observed.

3

((a)) Specimen before polishing

((b)) Specimen after polishing

Fig. 1: Hardness specimen before polishing and after
polishing

Experimental Procedure

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 used for investigation is shown in Table
1.

Fig. 2: Impact energy at 700◦ C and 900◦ C with different cooling conditions (after 90 min austenitization)

3.3
3.1 Test Specimen Preparation
Prior to heat treatment, specimen were prepared according to ASTM standards. The impact specimen
were prepared according to ASTM E23-07a. Whereas,
the hardness specimen were prepared according to
ASTM E10-12.
3.2 Heat Treatment
The specimen were analyzed at different austenitizing
temperatures of 900◦ C and 700◦ C. The sets of specimen were heated in Gas furnace at room temperature.
The furnace took 13 minutes to reach 900◦ C. The total
time specimen remained in the furnace was 90 minutes.
Afterwards, the specimens were cooled in water, air
and furnace. Another set of specimen were also heated
in similar furnace. This time 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 water, air and furnace

Mechanical Properties

Impact energy was tested with Izod impact tester.
For hardness test, indention surface of specimen were
polished using polishing machine, as shown in Figure
2. 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.

4

Experimental Results

This section discusses our experimental results in detail.
4.1

Impact Energy

The impact energy of untreated and heat-treated specimen results are illustrated in Figure 2 and Table 2.
The specimen heated at 900◦ C for 90 minutes, followed
by a furnace cooling, had the highest impact energy of
20 J. Figure 2 shows that the impact energy of the
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Mechanical
Properties
Impact Energy (J)
Hardness (HB)

◦

Untreated
9.7
244

Specimen austentized at 700 C
Normalized Hardened Annealed
11
7.1
17.86
340
580
190

64
◦

Specimen austentized at 900 C
Normalized Hardened Annealed
10.5
6.2
20
410.5
660
150.37

TABLE 2: Impact energy and hardness results (before and after heat treatment)

Fig. 3: Hardness value at 700◦ C and 900◦ C with different cooling conditions (after 90 min austenitization).)

specimens is dependent on the heat treatment temperature after 90 minutes austenitization. The furnacecooled specimens’ impact energy is higher than that
of cooled at a fixed temperature in air and water.
Moreover, furnace cooled specimens’ impact energy
increases after 900◦ C.

5

Analysis & Discussion

Quenching is the fast cooling rate used at austenitizing
temperature which results in diffusion-free transformation of austenite into body-centered tetragonal crystal
structure martensite and less pearlite, where carbon
cannot have more time to react with oxygen. Therefore, carbon is trapped in the specimen and martensite
is formed which in turn significantly increases the
hardness of carbon steel, as martensite is one of the
strengthening phases in steel.
Tbe water-quenched specimens from austenitization
temperature of 700◦ C gave higher value of hardness
(580 HB) and lower value of impact energy (7.1 Joule)
when compared with untreated specimens. The specimens showed the highest value of hardness (660)
and lowest value of impact energy (6.2 Joule) when
quenched from 900◦ C after 90 minutes of austenitization.

Normalization is used to build a consistent fine-grained
structure in a material and to protect it from excessive
softening. It shapes the pearlitic matrix structure in
a material because of the air cooling rate in normalization. The pearlitic structure is hard and strong,
but not very tough. The specimens normalized at
700◦ C and 900◦ C have improved the impact energy
and hardness as compared to untreated specimen.
Annealing is often applied for the softening of iron and
steel products and refines the grains due to the presence of austentized microstructure of ferrite-pearlite
and, in some cases, recovery and recrystallization also
takes place. Furnace cooling enhances the specimen’s
impact energy and reduces the hardness. Annealing the specimen at 700◦ C results in higher impact
energy (17.86 Joule) and lower hardness (190 HB)
as compared to untreated specimen. Highest impact
energy (20 Joule) and lowest hardness (150.3 HB)
were obtained by furnace cooling after 90 minutes of
austenitization at 900◦ C.

6

Conclusion

An analysis was carried out to improve the mechanical
properties of SAE 1040 by monitoring the conditions
of heat treatment. The specimen was tested according
to ASTM standards after heat treatment. Based on
the current study, following conclusions are drawn.
1)

2)

3)
4)

To improve the mechanical properties of steel,
proper selection of the austenitizing temperature, holding time and cooling method is very
important. Heat treatment at 900◦ C for 90
minutes, followed by furnace cooling, results
in the highest value of impact energy. The
combination in present condition are Izod impact energy: 20 J and hardness: 150.37 HB.
Heat treatment at the temperature of 900◦ C
for 90 minutes, followed by water quenching,
results in the highest value of hardness. The
combination in present condition are Izod impact energy: 6.2 J and hardness: 660 HB.
The best combination mechanical properties
were obtained by normalization at 900◦ C.
The fast cooling rate from higher temperature
results in increasing the value of hardness
and decreasing the value of impact energy.
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Whereas, the slow cooling rate from higher
temperature results in increasing the value of
impact energy and decreasing hardness.
This study concluded from the overall results that the
mechanical properties of casted steel f grade 1040 got
improved by using the heat treatment processes.
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Abstract
Blindness is one of the world’s biggest issues. According to the recent data of World Health Organization (WHO),
39 million of world’s population is blind. World Health Organization (WHO) developed many polices, techniques
and strategies to prevent blindness. Another organization is developed with the name World Access for the Blind
under the leadership of Daniel Kish who is also a blind person but uses a technique of echolocation called flash
sonar. Our idea is based on sensory substitution in which one sensory loss is substituted by the other. We proposed
an innovative rehabilitation prototype device that uses a sonar sensor and a bone conduction speaker to perform
and enhance the ability of human echolocation. The rehabilitation period can be longer and can vary from person to
person. Furthermore we have also installed a smart system that can perform object detection and image to speech
synthesis using Python with the help of smartphone camera during a live video streaming. Hence, this prototype
device can navigate, echolocate and detect object in its environment. The proposed system is verified through
different environmental inputs and objects. The proposed technique allows the blind individuals to perceive through
ears and let them perform echolocation at the same time.

Keywords—Blindness, blind aid, echolocation technique, rehabilitation, object detection, artificial intelligence, Python.
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1

Introduction

A

pproximately 1.3 billion people across the
globe are estimated to live with some form of
distant or near vision impairment. 188.5 million people
have a mild impedance of vision with respect to remote vision, 217 million people have medium to severe
impedance of vision, and 36 million people are visually
impaired. The estimates are expected to reach 200
million visually impaired people by 2020 [1].
With regard to this disease, two famous blind individuals Daniel Kish and Ben Underwood have practiced human echolocation and made the environment
friendly for them through echolocation. Kish, who
was blind from birth, taught that he experiences the
sensations like images, and developed a technique of
flash sonar. In his organization, called “World Access
for Blind”, he trains other people to use the same
technique. Kish basically works as a rehabilitation
therapist for blinds. This therapy requires time instances which depends on a person’s age the optic
nerve’s ability to integrate sound [2][3]. Hearing for
blind people provides a way to access environmental
data. Hearing gives the blind individual information

ISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

about sound sources and the artifacts that represent
sounds in the ambient environment [4].
Echolocation is the ability to use reflected sound to
provide inter-spatial environmental information. Just
as certain types of bats and marine mammals make
their own sound emissions, the same technique can
be used by people to echolocate. In fact, some blind
people have trained themselves to echolocate using
mouth clicks. The beam pattern of mouth clicks made
by blind echolocators shows a gradual 5 dB decrease in
intensity as a function of angle from straight ahead to
90 degrees to the side. However, click energy is attenuated more heavily at other angles [5]. An important
and practical use of echolocation is to detect and locate
objects in space, as this enables the echolocator to
safely navigate their environment. There are a number
of physical properties that can affect how echolocation
is used, such as deciding whether an object is in front
or not, how big it is, how far away it is, and what
kind of material it is made of [6]. Typically, it involves
the echolocator creating a sonic emission (e.g. an oral
click) that personifies the environment and induces the
echoes reflected back to the echolocator. In particular,
some people with vision loss are known to develop

QUEST RESEARCH JOURNAL, VOL. 17, NO. 2, PP. 66–70, JUL–DEC, 2019

echolocation skills at an exceptional level often without formal instruction, and usually use a tongue click
as their preferred type of sound emission to achieve
this. Blind people can thus access many properties of
distal objects in the environment that would otherwise
be accessed through vision, such as distance position,
size, and shape and distal object material [7].
Bone conduction was discovered by Beethoven, the
prolific 18th century composer who was almost completely deaf. By adding a wire to his piano and clenching it in his jaws, Beethoven found a way to hear
the sound of the piano by his jawbone. As vibrations
were passed from the piano to his jaw, he obtained
awareness of the sound. Research has shown that,
apart from eardrums, sound will enter our auditory
system through another medium and that our bones
can serve as the other medium. The bone conduction
devices (such as headphones) play the role of your
eardrums in bone conduction. Such machines translate
and transform sound waves into vibrations that the
Cochlea can feel directly so that the eardrum never
gets involved [8].
Object recognition is a classic computer vision problem
which is concerned with deciding if an image contains
a specific object of interest [9]. We want to discuss the
possibility of using the sense of hearing to perceive
visual items in our research. The sense of vision and
the sense of hearing have a remarkable similarity: it
is possible to identify both visual objects and audio.
Humans are able to recognize a sound source’s spatial
position by hearing it with two ears. We developed a
real-time object detection system with the objective
of informing the user of the surrounding object. Some
existing technologies are capable to detect movement
and obstacles, but blind people still face significant
problems in recognizing their environment and components. The identification and location of objects is
the need for blind people’s mobility through travel
assistance and navigation assistance. For this reason,
we developed an effective algorithm to identify and
locate objects for fast and robust computer vision [10].

2

Problem Statement

Human echolocation has been practiced for years by
many blind persons. This technique also causes fatigueness which affects the accuracy of echolocation.
Furthermore, there is also a need of a smart objection
detection system that can help the blind persons in detecting and recognizing the objects which he navigates
through using the same device during echolocation.

3
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Methodology

Figure 1 shows the flowchart of our implemented algorithm. First of all the smartphone camera is initialized
and the video streaming starts. We use the app named
“IP WebCam” to capture video frames which are sent
to the computer through an IP address. During the
video streaming, smartphone camera detects objects.
By using Python programming language, the IP address of the camera is called in the code.
The frames detection is done by the function
cv2.VideoCapture() which reads the incoming frames.
The .read() method is a blocking operation, therefore,
the main thread of our Python script is completely
blocked until the frame is read from the camera device
and returned to the script. We can improve our FPS
(frames per second) simply by creating a new thread
that does nothing but captures new frames while our
main thread handles processing the current frame. The
smartphone camera keeps on taking images of its environment and the images of object are then converted
into grayscale and binary within the code so that it
may form a matrix for the detected object and may
be read by the computer easily. The pre-processing
stage involves the reading and resizing of the image
which is then checked by the inception V3 which is
a 42-layer deep learning network [11]. Subsequently,
the recognize object is converted to speech in the form
of an mp3 audio file. We have used following libraries
with Python:
•
•
•
•
•

Tensorflow-gpu 1.0,
OpenCv 3.2
Numpy 1.12
GTTS 1.1
Pygame 1.9

Every time we face a complex system, we have to
divide it into simpler sub-models. In our case, we have
the following sub-systems.
•
•

Image Classification
Text to Speech

For image classification with Inception-V3 model, we
use Tensorflow deep learning library. First, we download the deep learning model and create a node lookup
class to get results in understandable form. We define
a NodeLookup class that processes the labels and
returns a string for each classification. The function
creates Tensorflow graphs in memory. We use Google
TTS (Text-to-Speech) API through GTTS, and save
each result in a look-up table so that we can get a
better real time performance. To reproduce the size of
the audio file, we used Pygame.
Figure 2 shows the complete flowchart of the proposed
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Fig. 1: Flowchart of algorithm of python programming

technique. In this device, there are two functions that
occur at the same time, making the flowchart parallel.
On the left side, the micro-controller is connected to
the sonar sensor and the sonar sends sound pulse of
high frequency. When this pulse hits the obstacle, it
reflects echoes of sound with the level of proximity
of an object. These echoes enter the bone conduction
speakers where they are converted into vibrations and
bypass the normal airway through bone conduction.
The vibrations directly enter cochlea where they provide the perception about an object’s proximity and
helps the blind person in echo locating. On the right
side of Figure 2, the algorithm is for object detection in which objects are detected by the smartphone
camera where the camera is connected through Wifi
and we have called the IP of smartphone camera in
our Python code. The image which is detected by the
smartphone camera during live video streaming goes
into the Python code where all the pre-processing in
the code happens. After all the pre-processing, the
image is converted into speech which further creates
an mp3 file of speech. This speech is then sent to the
blind person through Bluetooth air pods.

4

Results

For calibration, we tested LV-EZ MB1000 Ultra Sonar
sensor at every 50 inch to check the range of the sensor
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Fig. 2: Flowchart explaining the programming of device
SNO.
1.
2.
3.
4.
5.

Distance (inches)
Sonar Tape
50
49.5
100
98.03
150
148.8
200
198
250
252.5

Distance (cm)
Sonar Tape
130
125
254
249
391
378
510
505
647
642

TABLE 1: Calibration of LV-EZ MB1000 ultra sonar
sensor

and then also verified it through measuring tape to remove any linear error. It is concluded from Table 1 that
the difference in distance from sensor on serial monitor
and distance from measuring tape is approximately 2
cm (0.787 inch) which is a linear error that can be
removed from coding algorithm. In Figure 3, graphical
representation of readings that have been obtained
from sonar sensor have been presented. On X-axis,
we have taken time because time is an independent
quantity. On Y-axis, we have taken distance. It can be
seen that the graph is linear. From the graph,d we can
conclude that the increasing distance will also result in
the increase of time of returning echoes. Echolocation
is a technique that could take months and even years
to develop and to properly perceive and practice it in
real life whether achieve it through human practice or
through device. When we enter in testing phase due to

QUEST RESEARCH JOURNAL, VOL. 17, NO. 2, PP. 66–70, JUL–DEC, 2019

5

69

Discussion

Human echolocation has been practiced for many years
by many blind persons which also causes fatigue,
affecting the accuracy of echolocation as blind people cannot produce continuous clicking. Furthermore,
there is also a need of smart objection detection system
that can help blind persons in detecting and recognizing the objects through which they navigates using this
device during echolocation.
The objectives achieved through our proposed system
are as follows:
Fig. 3: Graphical representation of sonar readings
obtained from serial monitor.

•
•
•

((a))

((b))

((c))

((d))

Fig. 4: (a) Screenshot is attached of our algorithm
detecting electric switch, (b) while detecting folding
chair, (c) detecting beer glass, and (d) detecting coffee
mug.

The better we train our code by putting different
objects in front of the smartphone camera, the better
results will be achieved during real-time object detection.
The features of our current study is that with the help
of this device a blind person should be able to navigate
and echolocate in the environment. It can help in
training a blind person to echolocate. Through this
smart object detection system, a blind person should
be able to detect any object in a live video streaming
through smartphone camera that is also attached with
the device. The significance of the project is as follows.
•
•
•

such a long commitment, we found only one suitable
blind person (age = 14, gender = female). Up till now,
five months have been completed of the rehabilitation
sessions and the results that we have achieved are
following:
•

•

The 14 years old subject can easily navigate
through the environment and can detect obstacle of what come in her way.
For recognizing obstacles, our installed object
detection system successfully recognizes objects and converts them into speech which is
heard by the blind person through an earphone.

A person can navigate through the environment using this device.
Ability of echolocation is significantly enhanced.
Integration of a smart device with the system
allows detecting and recognizing objects with a
smart phone camera in a live video stream and
converting it into speech.

6

To enhance the mobility of blind people.
Protecting blind people from possible hazard.
Less costly product will be affordable for many
people.

Conclusion

In this paper, we have proposed a smart phone based
echolocation system for blind. The results presented
in this paper show that our proposed system is able
to detect objects efficiently in real time through the
sensors readings acquired within an interval of every
30 seconds. However, the detection accuracy is constrained by the image quality and camera resolution.
Our proposed system provides a great support to
blind people becoming independent and increase their
mobility with safety.
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Abstract
The purpose of the study presented in this paper is to examine the impact of intrinsic and extrinsic motivators
on the performance of employees at educational institutes. The study adopted a positivist philosophical stance
with a deductive approach to collect the data. The research was based on a cross-sectional time horizon. The
results presented in this paper show that there is a significant contribution of extrinsic motivation in increasing
the performance of the employees. Whereas, intrinsic motivation contributes significantly, but has less impact
in comparison to extrinsic motivation. The association among the independent variables further shows that
intrinsic motivation has significant but negative relationship with extrinsic motivation in the context of employees
performance. Despite of a plethora of literature on the study of motivation, the extrinsic and intrinsic motivation for
educational institutes are not well studied. Thus, this study contributes to bridging the gap in the area of educational
institutions. This study will be further helpful in education for increasing the employees’ performance.

Keywords—Extrinsic Motivation, Intrinsic Motivation, Employees Performance.
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1

Introduction

S

everal experimental and case-study approaches
are proposed in the context of improving employee
performance. These studies have contributed to increase employees performance [17]. In this context,
several managers want to boost the employees’ motivation to increase employee performance more efficiently
to reach organizational goals [20]. Since many decades,
it has been a great debate in applying best HR
practices to increase employees performance through
motivation [1][27]. Nevertheless, the accurate understanding of the motivation requires further literature
to support [10]. The literature describes intrinsic and
extrinsic motivation as two different contexts that have
a positive role in increasing employee performance [10].
Several studies on intrinsic and extrinsic motivators
have highlighted the significance in structuring organizational goals in creativity [3][14][18]. According to [4],
punishment and other rewards that lie in consideration
of outer rewards come under the shade of extrinsic
motivation (EM). Intrinsic motivation (IM) refers to
personal interest or desire to work [4]. Literature also
suggests that intrinsic motivation (IM) and extrinsic
motivation (EM) do not predict the behavior of emISSN: 2523-0379 (Online), ISSN: 1605-8607 (Print)

ployees towards the peak performance [23]. Generally,
the employees’ interest to work passionately may be
incorporated as an intrinsic motivation rather than
external forces that push them to do such activity
[1]. Literature also suggests that to some extent in
academic performance, there is a significant role of intrinsic motivation [21]. Based on the continuum model
for autonomous and controlled power, there may be
sub dimensions of extrinsic motivators i.e. identified
regulation, introjected regulation and extrinsic regulation [16].
The field to explore motivation is multi-dimensional
and conceptual which encompasses research on employees performance and motivation (intrinsic and
extrinsic). As an earlier study conducted by Zhang et
al. [27] suggests that the theory of self-determination
proves that sub dimension of extrinsic motivation’
extrinsic regulation found the least acquired dimension in the context. How much an extrinsic motivation has been disguised decides how much it is selfsufficient and subsequently impacts the work results
that outcome [16][27]. Literature proves that there was
a positive and significant impact on the performance
of the employees by intrinsic motivators in comparison
to extrinsic motivators [7][19].
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Several studies suggest that employees performance
can be boosted through rewards, incentives, and
bonuses via extrinsic motivation approach. The reason behind approach is that most people argue that
incentives are the basic driving force to perform a
task [5]. Another study found that in the pursuance
of extrinsic motivation as the basic parameter to get
the desired task, there may be a punishment in return
if the task is not performed [25]. In this regard, the
organization should design the pay structure with
market-competitive salaries to avoid hindrances [6].
Managers mostly believe that rewards and incentives
are the most appropriate approach to get the best
performance from employees to complete the tasks
[8]. According to Cerasoli et al. [4], most of the time
employees’ do not perform perfectly and do not align
themselves with the desired objectives of the organization. Therefore, when the personal and organizational
goals do not match with each other, it fails to increase
employee performance [4].
The purpose of the study presented in this paper is
to investigate the impact of intrinsic and extrinsic
motivation on the performance of employees. The relationship between intrinsic and extrinsic motivation
in regard to employees’ performance is also analyzed.
The study provides the shreds of evidence to literature in the case-study approach from the Institute of
Business Administration (IBA), Sukkur. The authors
chose tthis institution due to its reputation to deliver
quality education in internal Sindh. Human capital is
the backbone of every organization. Several studies
contributed to the field to determine the association
of human capital with motivation to increase employee
performance. Hence, in this regard, this study investigates the role of human capital in the progress of IBA,
Sukkur.
Relevant literature demonstrates that motivation is
the key source through which the employees performance can be boosted. It is now well-known that motivation is one of the major assests for an organization.
Motivation can enhance employees’ performance and
can contribute to their well-being.

2

Theory & Hypothesis Development

The impact of the motivators (extrinsic and intrinsic)
on the employees’ performance is becoming a hot
research topic. In spite of several studies that have
contributed to the area for motivating the employees
to get higher performance, there is still a huge research
margin as human beings are different according to
their geographical areas. Studies suggest that motivation plays a crucial role in the development of a

72

firm and may seek knowledge sharing behavior for
personnel development [15].
Giger et al. [7] state that motivation can drive the
responsiveness of the human desires to allocate the
desired organizational goals. Several behavioral and
social psychologists have contributed to the field who
maintain that extrinsic motivation (EM) is the leading
factor which can dig out and pump out the intrinsic
motivation (IM) [7]. Another study [15] suggests that
extrinsic and intrinsic motivations play an important
role in achieving organizational goals and knowledge
sharing behavior among employees. Many theories
associated with motivation predicted that extrinsic
motivation (EM) and intrinsic motivation (IM) influence human behavior significantly [2]. Some studies also suggest that ambitions, that are related and
linked with extrinsic motivation (EM) and intrinsic
motivation (IM), play a crucial role in organizational
development [2]. The classic theory of reasoned action
states that motivation is the foundation for changing
the behavior of individuals and performances of individuals [12].
2.1

Extrinsic Motivation (EM)

The employees’ behavior changes when they are
charged with separable outcomes [12]. According to
the goal content theory, goals are encouraged when
they are associated with extrinsic rewards and motivation [2]. Human behavior is complex and cannot
be described only by the parameters of extrinsic and
intrinsic motivation [27]. Extrinsic motivation (EM)
kicks in when autonomous rewards get activated to
charge them after the outcomes. When motivation
is only centered on the payments, rewards, bonuses,
prestige, development of the career or the factors that
are linked to achieving the rewards are considered
extrinsic motivation (EM) [13]. Some researches indicate that intrinsic motivation is associated with the
well-being of human capital. Whereas, the extrinsic
motivation has been found to possess negative impact
on well-being [13].
A study related to the extrinsic motivation suggests
that extrinsic motivation (EM) positively predicts
human capital development for entrepreneurial intentions [2]. Another study finds that the space for
intrinsic motivation can never be eliminated after the
entrance of extrinsic motivation. Extrinsic and intrinsic motivation can be boosted at the workplace when
they are supported by the workplace culture [18]. This
leads to the development of the following hypothesis.
H1. There is a positive and significant impact of intrinsic motivation on employees’ performance.
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2.2

Intrinsic Motivation (IM)

The studies have shown that intrinsic motivation (IM)
can be pumped out with the support of extrinsic
motivation (EM) [18]. Intrinsic motivation (IM) can be
both interesting and enjoyable leading to an increased
desire to do work [19]. Intrinsic motivation comes from
the inside of the individuals. The individuals who are
curious about doing the things and interested in the
points which lead them to learn and tackle the factitious shreds of evidence suggested by the environment
[7][18]. Moreover, Ryan et al. [18] stated that intrinsic
motivation (IM) can be defined as individuals do any
task for their satisfaction rather than any external
forces.
A study found that intrinsic motivation (IM) is the
main driving factor for an individual’s intentions towards constituency efforts to vote [7]. Another study
conducted by the academicians from Hong Kong investigated that enhancing the interest and desire to do
work in individuals can promote in-depth knowledge
sharing behavior among the employees’ attitude [12].
Another study [1] was carried out on the investigation
of the motivators (intrinsic and extrinsic) on Pakistani professionals’ performance. The study adopted
quantitative techniques to analyze the data obtained
from 181 doctors and 135 academicians. The research
examines the significant positive association related to
work-related performance among Pakistani professionals. Following hypothesis can be formulated.
H2: There is a positive and significant impact of extrinsic motivation on employees performance.
2.3

Intrinsic Motivation & Extrinsic Motivation

The concept that extrinsic and intrinsic motivation are
conflicting has been common since these inspirational
terms started to emerge [9]. Extrinsic motivation has
significant impact on the performance of employees
[22]. In this context, intrinsic motivation plays a vital
role in uplifting the employee’s performance [14][27].
Therefore, our study investigates the association between intrinsic and extrinsic motivation in the context
of employees’ performance. That is why the third
hypothesis can be developed as:
H3: There is no significant and positive link between
intrinsic and extrinsic motivation in the context of
employees’ performance.

3
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Research Methodology

This section discusses the methodology of carrying out
this research.

Fig. 1: Conceptual model of intrinsic & extrinsic motivation
3.1 Philosophical Approach
The research applied the etic and positivist approach.
This is the reason why data was gathered through
a survey questionnaire. As this study is about the
investigation of extrinsic and intrinsic motivation on
employee performance, a quantitative approach was
adopted.
3.2 Data Collection, Sampling and Procedure
The study gathered both primary and secondary data.
Primary data was collected through the questionnaire,
whereas secondary data was gathered through peerreviewed journal articles, books, authentic blogs, etc.
The questionnaire is designed to test the hypotheses.
The questionnaire contains two parts. The first part
contains the 5-point Lickert scale through which the
primary data can be conducted. The options include
strongly disagree (1), disagree (2), undecided (3), agree
(4), strongly agree (5). There were 8 questions each
related to intrinsic and extrinsic motivation as used
in [24] in their research and Employee performance
questionnaire were four developed by [26].The second
part comprised of demographic questions including
age, gender, marital status, experience, and qualification.
The study adopted a convenient sampling method to
conduct the survey and gather information through
the questionnaire. 120 questionnaires were distributed
among the participants out of which 90 were answered.
The research sample size as suggested in [11] was used.
3.3 Statistical Analysis
The data was encoded using the Statistical Package
for Social Sciences (SPSS) version 25.0. SPSS v25.
SPSS was further used to analyze the data. Through
this software, descriptive statistics, factor reduction,
regression analysis, reliability statistics (Cron Bach
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Alpha), Pearson correlation techniques were applied
to test the data.

4
4.1

Measures
Demographic Profile of Respondents

Table 1 shows the respondents’ age. In this data, 5.6%
of respondents aged below 25 years, 12.2% aged below
30 years, 65.6% aged below 35 years, and 16.7% aged
above 35 years. The gender statistics of respondents
also show that 84.4% of the total population comprised
males, and 15.6% comprised females. The table also
shows the experience possessed by the respondents.
21.1% of the respondents have less than 5 years of
experience, 67.8% of the population fall in the category
of having more than 5 years of experience, and 11.1%
of respondents have more than 10 years of experience.
4.4% of the respondents have Bachelor degree (16 years
education), 76.7% had MS/MPhil degree, and 18.9%
had PhD degree.
4.2

Reliability

The Cronbach’s Alpha technique was used to check
the reliability of the data. The outcome of applying
this technique shows a satisfactory reliability level of
0.837. Table 2 shows the selected parameters.
4.3

Fitness Quality

The model summary, as shown in Table 3, explains
the variation among the variables from which item of
interest shows the adjusted R-Square value of 0.705.
This suggests that extrinsic and intrinsic motivation
contributes 70.5% of the variation in the employees’
performance.
4.4

Analysis of Variance

Analysis of variance, referred to as ANOVA, is widely
adopted for model fitting. It is suggested that if the
significance value is less than 0.05, it indicates that
the independent variables have a significant impact on
the dependent variables. The ANOVA models is shown
in Table 4. The table shows the significant value of
0.000 which suggests that the independent variables
significantly influencing the dependent variables.
4.5

Regression

Table 5 of regression coefficient results shows the individual contribution of the independent variables. The
intrinsic motivation positively affects the employees’
performance. Standardized beta = 0.242(p < 0.01)
suggests that intrinsic motivation helps to boost the
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employees’ performance by 24.2%. On the other hand,
the major portion is occupied by extrinsic motivation
which positively predicts the employees’ performance
with the Beta value of 0.954(p < 0.01), which suggests
that those who exhibits the extrinsic motivation in
their prior duties towards their employees will have
a higher performance up to 95.4%.
4.6

Pearson Correlation Analysis

Table 6 shows the results of bivariate correlation
based on the Pearson Correlation analysis. The results show that intrinsic motivation has a significant
but negative relationship with employee performance,
r(90) = −0.288, p < 0.05. Whereas, extrinsic motivation shows a positive and significant link to employee performance, r(90) = 0.819, p < 0.05). Lastly,
the results suggest that intrinsic motivation has a
negative but significant relationship with extrinsic
motivation in the context of employees performance,
r(90) = −0.556, p < 0.05.
Conclusively, the above results explain that there is a
positive and significant relationship between extrinsic
nmotivation and employees’ performance. Whereas,
intrinsic motivation contributed significantly but negatively in the employee’s performance. In an assessment
of the relationship among the independent variables,
the intrinsic motivation showed a negative but significant relationship with extrinsic motivation in context
to employees’ performance.

5

Conclusion and Recommendations

The study aimed to investigate the effect of intrinsic
motivators and extrinsic motivators on employees’ performance at the educational institute (IBA, Sukkur).
The sample size comprised 90 employees from the
institute. The findings show that extrinsic motivation
is the most favorable practice at the institute because
of the interest of employees. Whereas, the intrinsic motivation can be further derived right after the extrinsic
motivation is triggered. In this context, the hypotheses
of this study are summarized in Table 7.
Table 7 explains the hypotheses of the study. Hypothesis No. 1 states that ”There is a positive and
significant impact of intrinsic motivation on employees
performance”, which is supported by the results. This
suggests that the activities done by IBA, Sukkur i.e.,
workload, appreciation, feedback from competency,
and the role of management work adequately for their
employees. Whereas, Hypothesis No. 2 states that
”There is a positive and significant impact of extrinsic
motivation on employees performance”, which is also
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Name

Option
Less than
25 years
Less than
30 years
Less than
35 Years
More than
35 Years
Total
Male
Female
Total
Less than
5 years
More than
5 Years
More than
10 Years
Total
Bachelors/16
Years Education
MS/MPhil
PhD
Total
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Number
Age

Percentage

Total

5

5.6

5.6

11

12.2

12.2

59

65.6

65.6

15

16.7

16.7

90
Gender
76
14
90
Experience

100

100

84.4
15.6
100

84.4
15.6
100

19

21.1

21.1

61

67.8

67.8

10

11.1

11.1

90
Qualification

100

100

4

4.4

4.4

69
17
90

76.7
18.9
100

76.7
18.9
100

TABLE 1: Demographic profile of respondents
Parameter
Cronbach’s Alpha
N of items

Value
0.837
20

TABLE 2: Reliability parameters
Parameter
Model
R∗
R-Square
Adjusted R-Square
Std. Error of Estimate

Values
1
0.844
0.712
0.705
0.54283348

TABLE 3: Fitness parameters and their values.
*Predictors: (constant), extrinsic and intrinsic motivation

is why this hypothesis was not rejected completely but
was supported partially.
5.1

Recommendations

Every educational institute focuses on the employees’
performance to meet their criteria to provide quality
services. In this context, the prior study focused on the
educational institute to add a new contribution to the
research area. It is suggested that if institutions will
add extrinsic motivation in their consideration, their
employees will perform well. Extrinsic motivation will
foster the employees’ interest to perform well. It will
also be a healthy activity for institutions.
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