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Abstract

Textual communication among parties where
sensitive information is exchanged is prone to
potential risks. Therefore, it is indispensable to have
mechanism to protect such communications from
malicious attacks. In the contemporary world,
national cyber security has become a concern which
needs to be given paramount importance. Cyber
criminals have acquired wherewithal to challenge the
critical digital infrastructure of a country if there is no
sustainable effort to safeguard information security
and forensics. For secret messaging, two important
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Abstract and Figures

Generating human-like handwriting by machine from an input text given by the user may
seem as an easy task but is very complex in reality. It might not be possible for every
human being to write in perfect cursive handwriting because each letter in cursive gets
shaped differently depending on what letters surround it, and everyone has a different
style of writing. This makes it very difficult to mimic a person’s cursive style handwriting
with the help of a machine or even by hand for a matter of fact. This is why signing
names in cursive is preferable on any legal documents. In this paper, we will try to use
various deep learning methods to generate human-like handwriting. Algorithms using
neural networks enable us to achieve this task, and hence, recurrent neural networks
(RNN) have been utilized with the aim of generating human-like handwriting. We will
discuss the generation of realistic handwriting from the IAM Handwriting Database and
check the accuracy of our own implementation. This feat can be achieved by using a

special kind of recurrent neural network (RNN), the Long Short-Term Memory networks
(LSTM).
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Abstract

For effective multimedia content, retrieval audio data plays an important role.

Recognising classes of audio data which is neither music nor speech is a

challenging task; in this aspect, the authors proposed to work on environment

sounds. To represent the audio data, low-level features are extracted. These

low-level descriptors are computed from both time domain and frequency

Search Log in

Proceedings of the Third International Conference on Computational Intelligence and Informatics pp 627–637



Chapter

An Optimal Heuristic for Student Failure Detection and Diagnosis in the Sathvahana
Educational Community Using WEKA: Proceedings of the International Conference on
Communications and Cyber Physical Engineering 2018

January 2019 · Lecture Notes in Electrical Engineering

DOI:10.1007/978-981-13-0212-1_68
In book: ICCCE 2018 (pp.671-678)

Authors:

To read the full-text of this research, you can request a copy directly from the
authors.

Abstract

The study offered in this paper aims to
explore students characteristics and to
determine unsuccessful student groups in
respective subjects based on their earlier
education and the impact of other factors in
multiple dimensions. Predictive data mining
techniques such as as classification analysis
is applied in the analysis process. Datasets
used in the investigation were collected from
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Abstract: Traffic behavior of a city or any area can represent using driving cycle. In India, 
driving cycles were developed to test Indian vehicle emission standards but not considering 
higher speed and acceleration of vehicles. The assumption was all vehicle activities to be 
similar and considered traffic as homogeneous. But in India, traffic was heterogeneous each 
vehicle activity is different.  In this study, the driving cycle was developed for estimating 
vehicular emissions and fuel consumption. Driving cycle is developed using five parameters 
namely percentage of acceleration, deceleration, idle, cruise and average speed of vehicles. 
Micro-trips were used to develop a driving cycle and these micro-trips are extracted from 
real-world data. K-means clustering method was used to cluster the micro-trips. The micro-
trips which are nearest to the cluster centre represented as representative micro trips. These 
representative micro-trips are used for the development of the driving cycle. The driving 
cycles were developed and compared route and mode wise. The developed driving cycle was 
compared with Delhi driving cycle. It was observed that acceleration, deceleration rates were 
high compared to Delhi driving cycle. This methodology can be useful for heterogeneous traffic 
condition. The developed driving cycles can be easily identified the driving characteristics 
and vehicle emissions when testing on chassis dynamometers.

Keywords: fuel consumption, emission,  micro trips, cruise, idle.
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1. Introduction

The main sources of air pollution are 
vehicular emissions, industrial emissions, 
dust and storm, emissions from air craft 
and jets. Vehicular emissions are the main 
sources of atmospheric pollution in cities. 
Many cities are facing problems like traffic 
congestion, vehicular emission because of 
increase in vehicular population. According 
to national environmental engineering 
research institute, 60-70% of air pollution 

is caused because of vehicular emissions in all 
major cities. The factors mainly affecting the 
vehicular emissions are road characteristics 
and vehicular characteristics. Vehicular 
emissions are depending mainly on type of 
engine, age of vehicle, type of fuel and driving 
cycle. Automotive Research Association 
of India (ARAI) developed Indian driving 
cycle (IDC) based on assumption that 
traffic is homogeneous but actually which 
is heterogeneous. In IDC, average speed 
and acceleration considered as 42 km/h 
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and 0.65 m/s2, but in many cities, the speed 
inside city is limited greater than 42 km/h. 
Generally, the driving pattern is varies from 
city to city and region to region. The driving 
cycles developed in certain region may not be 
suitable to other regions. Generally, driving 
cycle was defined as “speed-time profile for 
a vehicle driving under a specified condition 
for a given city or region”. Fuel consumption 
and vehicular emissions are measured using 
driving cycles for a particular area.

Driv ing cycles were div ided into two 
types: transient and polygonal driving 
cycles. Transient dr iv ing cycles were 
developed based on the on road driving data 
(Melbourne peak cycle and US FTP cycles). 
Transient driving cycles were developed to 
urban or rural areas based on specific driving 
characteristics. These characteristics differ 
from one area to another and also differ in 
same city. The polygonal driving cycles 
were developed by compose of a sequence of 
steady state modes like constant acceleration 
and speed driving modes (Japanese and ECE 
cycles). These cycles do not explain the real 
driving behavior due to the effect of vehicle 
modal operations. 

According to their uses, driving cycles were 
classified into two types: legislative driving 
cycles and non legislative cycles (Tong et 
al., 1999). In legislative driving cycles, the 
driving conditions within their respective 
boundaries were considered and these cycles 
were delivered to government for vehicle 
emission controls. Non legislative cycles 
were developed for the estimation of fuel 
consumption and vehicle emissions.  

According to the qualitative descriptions 
driving cycles were divided into three 
categories: urban driving cycles, sub urban/

composite driving cycles and highway 
driving cycle. Urban driving cycles have 
lower average speed and higher acceleration 
rates. It was observed that, regular stop 
and go operations in urban areas with 
heavy traffic f lows and many intersections. 
Composite driving cycles have slightly higher 
average speed than urban driving cycles but 
smaller acceleration rates. Highway driving 
cycles have higher average speed but smaller 
acceleration rates. It shows that, very less 
traffic flows and limited stops and minimum 
number of intersections. 

In this study, transient driving cycle was 
used. This study explains the development of 
transient driving cycle using five parameters 
like percentage of acceleration, deceleration, 
idle, cruise and average speed of vehicles for 
heterogeneous traffic condition. 

2. Literature Review

Kent et al . (1978) developed a driv ing 
cycle for Sydney to est imate ex haust 
emissions. Average speed, root mean square 
acceleration and percentage idle time were 
used for driving cycle development. Hung 
et al. (2005) developed a model to analyze 
the driving characteristics by using three 
step approach. In the first step, 10 driving 
parameters were selected and used in the 
model. In second step, speed acceleration 
probability matrix (SAPM) was derived 
to know the distributions of speed and 
acceleration. In the third step, driving cycles 
were developed using 10 driving parameters 
and SAPM. Hung et al. (2007) presented a 
methodology to develop a driving cycle to 
estimate the vehicle emissions. Speed data 
was collected using on board and chase car 
technique. For the construction of driving 
cycle, a lot of parameters were selected. The 
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developed driving cycle estimation model 
was validated using performance value and 
speed acceleration probability distribution 
(SAPD).

Nutramon and Supachart (2009) and 
Tamsanya et al. (2009) developed a new 
method for construction of a driving cycle 
for Bangkok. Data was collected on few 
routes and these routes selected that the 
traffic on these routes represent the traffic 
conditions on entire Bangkok traffic. Various 
driving parameters were used in driving 
cycle construction and these parameters 
derived from actual traffic data. The driving 
cycle was constructed by connecting series 
of several real world micro trips obtained 
from real traffic data. Kamble et al. (2009) 
develop an urban driving cycle for estimating 
vehicular emissions and fuel consumption. 
Five pa ra meters were considered to 
develop a driving cycle namely percentage 
of acceleration, deceleration, idle, cruise 
and average speed. The driving cycle was 
constructed by connecting series of several 
real world micro trips obtained from real 
traffic data. Saleh et al. (2009) developed 
an urban and rural driving cycle for Hong 
Kong for cars. 12 parameters were selected 
for constructing driving cycle for cars. The 
representative driving cycle was selected by 
calculating the absolute sums of the relative 
error (Sj). The driving cycle with minimum 
relative error is the representative driving 
cycle. Saleh et al. (2010) developed a driving 
cycle for Edinburgh and Delhi using same 
methodology. 

Tong and Hung (2010) proposed a framework 
on development of driving cycle based on 
101 transient driving cycles. In 101 driving 
cycles, Asian driving was the slowest one 
and European driving is the fastest and 
smoothest. Traffic activity patterns should 

be considered to determining the test routes.  
Speed data collection methods namely on-
board measurement, chase car techniques 
or their hybrid were explained. Most of the 
researchers ignored the tendency of zero 
change in acceleration while constructing 
driving cycle. Application of succession 
probability was explained at second-by-
second level.

In this study, driving cycle was developed 
for heterogeneous traffic condition using five 
parameters. The next sections describe the 
methodology and in the subsequent section 
generation of micro-trips were discussed.

3. Methodology

A methodology was proposed for developing 
a real world driving cycle using micro trips 
and these micro trips represents the existing 
traffic conditions. The parameters were used 
to develop driving cycles are percentage of 
acceleration, percentage of deceleration, 
percentage of idle, percentage cruise and 
average speed. The methodology consists 
of driving data collection, micro-trips 
generation, data analysis and driving cycle 
construction.

3.1 Driving Data

Ludhiana city, in India was selected for 
this study. Ludhiana city is an important 
urban center in Punjab and a rapidly growing 
metropolis of the country. The selected 
routes and distances are tabulated in Table 
1. On-board measurement technique was 
used to collect the speed-time data. This 
technique was used for large scale studies 
and data was collected directly and more 
accurately. Trimble GPS instrument was 
used for data collection. The instrument 
having high sensitivity GPS receiver with 
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a field computer powered by the windows 
mobile version 6.1 operating system. The 
final data collection schedule was tabulated 
in Table 2. There are 2 out of 7 days as 

weekends that gives the almost 28% of the 
total week. So this supports way of dividing 
it into three trips from weekends and 6 trips 
from weekdays.

Table 1 
Selected Routes Represent Real Traffic Conditions

S. No From To Distance (km)
1 Jalandhar bypass Dhandhari 10.3
2 Samarla chowk Bhai bala chowk 8.0
3 Bhai bala chowk Thakkarwal 6.4
4 Gill chowk Gill bypass road 4.5
Total 31

Table 2
Data Collection Schedule

Day type
Number of trips

Total
Morning peak Afternoon peak Evening peak

Weekdays 2 2 2 6
Weekends 1 1 1 3

Total 3 3 3 9

3.2. Generation of Micro-Trips

The speed-time profile is divided into 
smaller units called as micro-trips for driving 
cycle development. Micro trip is defined as 
“trip between two consecutive time points 
at which vehicle is stopped”. In previous 
studies, micro-trips were developed by 
manual count. In this study, micro trips were 
developed using MATLAB. Each micro-trip 
includes five parameters like percentage 
acceleration, percentage deceleration, and 
percentage cruise, percentage idle and 
average speed which were used for driving 
cycle development.

3.3. Data Analysis

Data analysis was done in two parts. In 
the f irst part, base data was analyzed 
and micro-trips were constructed. Base 

data analysis involves the development of 
speed–acceleration frequency matrix and 
normalized speed–acceleration matrix. The 
frequency of occurrence of acceleration, 
deceleration, cruise and idle corresponding 
to a speed values represented in a matrix 
form is called speed-acceleration frequency 
matrix. Normalized speed acceleration 
matrix was obtained by dividing each cell 
by total time and divide by 100. Micro-trips 
were constructed using computer program. 
In the second part, micro-trips were clustered 
using K-means clustering algorithm. 

The speed–acceleration frequency matrix 
(SAFD) of three- wheeler on GT road was 
shown in Fig. 1. The normalized speed–
acceleration matrix from the base data 
(SAPD) was shown in Fig. 2. The sample 
micro trip for three-wheeler was shown in 
Fig. 3.
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Fig. 1. 
The Speed–Acceleration Frequency Matrix (SAFD) from Base Data for 3W (Sample)

Fig. 2. 
The Normalized Speed–Acceleration Matrix (SAPD) from the Base Data for 3W (Sample)

Fig. 3.  
Micro Trip (23) for Three-Wheeler

3.4. Construction of Driving Cycle

Representative micro-trips were determined 
for each cluster for driving cycle development. 

The micro-trips nearer to cluster centers were 
selected as representative micro-trips and this 
process was to select enough micro-trips from 
all clusters to develop candidate driving cycle. 
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Performance value (PV) and sum squared 
difference (SSD) were used to select best 
driving cycle from all the candidate driving 
cycles. Performance value is the absolute sum 
of the difference between candidate cycle 
and target value. If the PV value is less, the 
real world driving pattern was represented 
more accurately. The candidate cycle with 
smallest PV value will be selected as the 
most representative driving cycle for the 
corresponding group. The PV value is given 
in Eq (1):

 (1)

Where, WT is the transpose of the row weight 
vector corresponding to the set of statistics. 
θi and θT represents the five target parameters 
corresponding to the base data and candidate 
driving cycle. The weights assigned to five 
parameters were considered to be equal weight 
age because of the unavailability of the weights.

Mathematically SSD is given in Eq. (2). The 
candidate driving cycle with smallest SSD 
value is selected as representative driving 
cycle for the corresponding group.

 (2)

W here Ns is the speed classes, Na is the 
number of acceleration classes, pij is the 
ijth entry of the candidate cycle , and qij is 
the ijth entry of SAPD of the overall driving 
speed profiles. It is the sum of the squared 
differences of the corresponding cells of the 
base SAPD and candidate driving cycles 
SAPD.

4. Evaluation of the Driving Cycle

The developed driving cycle was compared 
with existing driving cycle and tabulated 
in Table 3. The comparison was done 
based on key parameters like percentage 
of acceleration, percentage of deceleration, 
percentage of idle, percentage of cruise and 
average speed. It was observed that, the 
percentage acceleration and percentage 
decelerat ion were high for developed 
driving cycle compared to other driving 
cycles. It means that, vehicle release more 
emissions and more pollution occurred if 
accelerations and decelerations were more. 
The average speed was observed to be more 
compared to others except Japanese and US 
driving cycles. The percentage of cruise 
and idle were observed to be less compared 
to others.

Table 3
Comparison of Driving Cycle Parameters from Ludhiana to other Studies

Driving Cycle Type Speed Cruise Idle Acceleration Deceleration 

ECE 18.35 29.23 30.7 21.54 18.46

Japanese 25.61 20.88 31.65 26.15 21.32

US 75 34.1 20.4 18 33.1 28.5

BDC 17.7 23.8 37.7 15.3 23.2

IDC 21.9 10.43 16.52 38.89 34.26

Pune 19.55 56.25 18.09 14.18 11.48

Present Study 24.83 2.392 5.404 50.997 41.174
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5. Conclusions

Driving cycle was developed for measuring 
the fuel emissions and consumptions. The 
driving cycle’s were constructed mode 
wise and route wise and compared. The 
parameters like the percentage acceleration, 
percentage deceleration, idle, cruise and the 
average speed were used for developing the 
driving cycle. Driving cycle was constructed 
based on micro-trips and these micro-trips 
were obtained by dividing the base data. 
K-means clustering technique was used to 
group the micro-trips based on similarity. 
SAPD and SAPD matrixes were constructed 
and these were used for dividing the whole 
data into speed-acceleration ranges form. 
Based on PV and SSD representative driving 
cycle was selected from all candidate driving 
cycles. For all modes, (car, three-wheeler, and 
two-wheeler) time spent in acceleration and 
deceleration in Gill road is less compared to 
other driving cycles. For all routes, GT road, 
NH 95, Pakhwoal road, and Gill road time 
spent in acceleration and deceleration were 
high for two wheelers compared to other 
driving cycles. The developed driving cycle 
was compared with other driving cycles. 
Time spent in acceleration and deceleration 
modes for Ludhiana driving cycles are found 
to be significantly higher than Delhi driving 
cycles and also all other driving cycles.
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Abstract: To experimentally investigate the effect of the 
presence of Supplementary Cementitious Materials (SCMs) in 
concrete strength gain by using the efficiency factors in 
Bolomey’s equation to the cement mortar.  The quaternary 

blended cement mortar consists of Fly ash (FA) at 0, 20 and 30%, 
micro silica (SF) at 0, 5 and 10% and Nano silica (NSF) at 0, 2, 3 
and 6% replacement to cement. To study the compressive and 
flexural strength of mortars a total of 63 mortar mixes, with a 
cement-sand ratio of 1:2.75 were cast and tested; out of these 
mixes, 27 were variable w/b ratios based on consistency and 
remaining 36 were with fixed w/b ratio of 0.485. The mixes using 
SF and NSF had shown an improved performance while FA at 
20% optimum indicated strength on par with the control mix. In 
triple blended mixes, all the combinations of NSF-SF, NSF-FA 
and SF-FA improved the performance of mortar. Bolomey’s 

equation was used to find the Efficiency of SCMs in mortar and 
concrete mixtures. Concrete mixes with two different cement 
contents along with a confirmation test using another cement 
quantity were carried out to identify optimum proportions of 
quaternary blended mixtures. 

Keywords: Bolomey’s Equation, Consistency, Initial setting 
time, Quaternary blended mixes, Supplementary Cementitious 
Materials.  
HIGHLIGHTS: 

 Utilization of waste materials using Bolomey’s 

equation while making Cement mortar and concrete 
making. 
 Relating the efficiency of pozzolans in a mortar with 
concrete by using Bolomey’s equation. 
 Workability of Supplementary Cementitious 
Materials was identified by consistency, Initial setting 
time with reliability.  
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I. INTRODUCTION 

The utilization of chemical admixtures and a large 

quantity of OPC is one of the causes of increasing the cost of 
High Strength Concrete. Smith [1] defined the cementing 
efficiency factor ‘k’ of pozzolana by which the amount of 

cement it could replace changing the property to be 
investigated; typically the compressive strength (CS) is a 
factor related to many properties of concrete. It was initially 
applied to fly ash, and later many authors utilized this concept 
to all pozzolanic materials. Neville[2] has stated that by 
controlling the performance of cement mortar in concrete, a 
stronger concrete can be made. Therefore, several researchers 
carried out investigations to alter the properties of cement 
mortar and paste by using finely divided pozzolanic materials, 
which is an excellent alternative to reduce the cost, especially 
if they are industrial by-products or wastes. Nielsen[3] had 
proved that Bolomey’s expression relating the strength of 

concrete could also be applied to hardened cement pastes 
when w/c > 0.15and also proposed two expressions with w/c 
less than and more than 0.4. Ganesh Babu and Nageswara 
Rao[4] proposed three efficiency factors for pozzolans in 
concrete after conducting tests on fly ash, micro silica and 
GGBS. Appa Rao[5] proved that the modified Abram’s and 

Bolomey’s equations give reasonably good predictions of the 
CS of mortar mixes. Tangpagasit et al.[6] had shown that 
pozzolanic reaction of fly ash mortar depends on the average 
size of particle and curing period. Considering Abram’s law, 

Wong and Abdul Razak[7] recommended an approach for the 
evaluation of relative strength of pozzolanic material and also 
stated that before any mix design the ‘k’ value has to be 

re-ascertained. Erdem and KIrca[8] had stated that by mixing 
two pozzolanic materials can compensate for the 
shortcomings of the other material. Due to the rapid progress 
in Nanotechnology, new materials of Nano-scale with highly 
improved characteristics are available. Qing et al.[9] has stated 
that micro silica is a standard pozzolana for use in High 
strength concrete (HSC), but based on experimentation the 
pozzolanic activity of NSF is higher than SF hence a small 
amount of NSF can effectively digest Calcium Hydroxide 
(CH) at early ages when used along with SF and FA.  
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Shih et al.[10] utilized small dosages of NSF in mortar 
making and found that the strength of mortar increased up to 
14 days of curing later, the increment is decreasing. Ltifi et 
al.[11] concluded that due to the presence of NSF, the 
microstructure had become dense, and hence, mechanical 
properties had improved. Hou et al.[12] and Pacheco-Torgal et 
al.[13] have stated that there is a significant change in the 
mechanical and microstructural performance in all of the 
cementitious composites by adding nanoparticles. Heikal et 
al.[14] studied the ternary mixtures of NSF and GGBFS 
combination on standard consistency, setting times and CS at 
different ages of 3 to 90 days and concluded that water 
demand increased and setting times decreased due to the 
presence of NSF. The CS and flexural strengths observed 
were more than control concrete. The investigations of 
Mukharjee and Barai[15] have indicated that the levels of 
interaction of NSF on w/c ratio were not significant on CS, 
but individually they are causing the dominant effect on CS. 
Li et al.[16] has stated NSF is more efficient in improving the 
mechanical properties of mortars as compared to other 
pozzolans. The combination of SF and NSF gives an effective 
combination of strength improvement, and its combination is 
more synergetic on densifying the microstructure of the 
hardened paste. They concluded that SP demand for 2% NSF 
is comparable to that of 10% of SF and also NSF alone should 
not be used for maximum performance. Determination of the 
ideal mixtures of materials depends upon several factors and 
performance constraints. The properties of the final product 
can be simplified with the utilization of efficiency factor 
design, and the objective of this investigation is to obtain 
optimum proportions suitable for the quaternary mixture of 
paste and mortar. The study also focuses on the generalization 
of Bolomey’s equation and identifying the efficiency 

constants for pozzolans in quaternary blended mortars which 
can be utilized for the making of concrete with a minimum 
number of trials for desired strength. 

II. RESEARCH SIGNIFICANCE 

There is a need for minimizing the wastage while designing 
the concrete mixes and also reduce its volume as a large 
quantity of natural aggregates is being used for the 
identification of appropriate optimum combinations. If 
research can show that mortar can be used for evaluating 
some basic parameters along with pozzolans, the economic 
benefits could be realized.  This research programme 
evaluated the consistency of cement paste along with 
pozzolans for water demand, setting times, the CS and 
flexural strength of mortar mixes. Results of this work 
indicate that the specimens of both blended cement mortars 
and concrete can effectively show the pozzolanic reactions 
while achieving the strength. A satisfactory correlation 
between the pozzolanic action of the ingredients in mortars 
and concrete was observed, which reduces the volume of 
material in concrete to be cast for proper mix design. Based 
on the results of the investigation, modified Bolomey’s 

equation can be used after identifying the efficiency factors of 
pozzolans in mortars and concrete with minimal experiments. 

III. MATERIALS AND METHODOLOGY 

A. Materials Used 

 Cement: Commercially available OPC 53-grade cement 
conforming to IS 12269-2013[17]] was used for preparing 
paste and mortar whose properties were tabulated in Table 
1. The available Potable water was used for casting.  

 Nano-Silica is in a colloidal form and stabilized, and it is 
convenient to use due to easy dispersion, according to 
Quercia et al.[18]. For the experimentation, the 
commercially available product was used.  

 Fly Ash particles are typically spherical and finer than OPC. 
Raw Fly-Ash (as brought from the source) cannot be used 
as it requires processing to work efficiently in concrete. 
Therefore a processed Fly-Ash named ‘Pozzocrete 60’is 

used. It is manufactured by DIRK India Pvt. Ltd., Nashik 
and satisfies the specifications as per IS: 
3812(Part-1):2013[19].  

 Micro Silica The material is procured from M/s ELKEM 
Mumbai.  

  Fine Aggregate The study is of comparative hence Local 
River sand of 4.75 down as per I.S.Seive and held on 
150micron was used for preparing the mortars and 
concrete. The Grain size distribution of sand shows that it is 
close to the zone-III of IS:383-2011[20]. 

  The coarse aggregate is passing through 20mm and is 
angular material in shape. 

  Superplasticizer is obtained from M/s Fosroc of 
Sulphonated Naphthalene Polymers conforming to ASTM 
C494 as Type A and Type F. 

IV. PREPARATION OF SPECIMENS AND TESTS 

CONDUCTED 

The preparation of samples was done in three stages. In the 
first phase, the consistency and setting time tests on paste 
were performed. In the second stage with the w/b at a 
calculated value based on Normal consistency test was used. 
In phase III, a constant value of 0.485 was used, and a small 
percentage of Superplasticizer was added for maintaining the 
flow. 

Vicat apparatus was used for determining the Consistency 
and setting times of quaternary blended cement pastes as per 
IS 5513:1996[21]. The mixing was done mechanically by 
employing mixing apparatus as specified in Planetary Mixer 
conforming to IS 10890:1994[22]. The mortar flow was 
checked for a 110± 5 at 25 drops IS 5512-1983[23]. Freshly 
prepared cement mortars were moulded in 50mm x 50mm x 
50 mm cube moulds, and after one day, the hardened mortar 
samples were kept in curing tank. The specimens were tested 
under 3000 kN compression testing machine at 0.01 MPa/sec 
as per IS 516-1959[24].  

Two numbers of 40mm x 40mm x 160mm Prisms were cast 
and tested under three-point loading using a flexural 
instrument at a rate of 1.25mm/min loading rate at 56 days of 
curing as per ASTM C348-14[25].  

 
 
 
The parametric study 
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includes flow tests for the determination of workability, 
mortar cube CS tests after 7 and 28 days of curing, flexural 
strength tests and also CS tests on broken pieces of prisms 
obtained from flexure test.  

V. RESULTS AND DISCUSSION 

A. Standard Consistency and Setting Times of Cement 

The nomenclatures of mixes are defined in Table 2 and 
Referring to Fig.1 and based on regression analysis; it is 
observed that the variables are independently affecting the 
Consistency of cement paste. The presence of SF and NSF in 
the paste is increasing the water demand up to 50% and 
decreasing the setting times due to their fineness of particle 
size. The effect of FA is negligible on Consistency and IST as 
the p-value is above 0.05. The adj.R2 value of consistency and 
setting time is at 79%.  

The regression equation for Consistency (CON) is 
CON=29.2+1.9 x NSF% +0.73 x SF%       (1) 

The regression equation for Initial Setting Time (IST) is 
IST = 69.68-6.7 X NSF%-1.36 X SF%       (2) 

After collecting the data of water requirement from the 
Consistency test on cement paste, cement mortar cubes were 
cast with 1:2.75 binders to sand ratio with variable water 
quantity. A total of 27 mixes were cast, and the test is 
conducted according to ASTM C 109/C109M (2012)[26]. 

B. Influence of binary blending on mortar mix with a 
variable w/b ratio. 

Figure 2 shows a slight reduction or no change in water 
demand when FA is used in binary mixes, which are as 
observed by Mora et al.[27] while the water demand was 
increased for SF and NSF. The strength of 5% SF mortar is 
higher and also has more water demand than the control mix. 
The strength of the control mix is almost reached for the blend 
with 3% NSF though there was a higher water demand by 
27%. It is understood that higher strengths than the control 
mix can be obtained with binary blends with NSF and SF by 
reducing the w/b ratio. However, Superplasticizer has to be 
used to meet the workability requirements. Based on the 
regression analysis the 7D and 28D cured mortar cubes have 
Adj R2 is 95% and 85% the p-value is nearer to 0.05 for NSF 
and FA, and other variables are not much effective on the 7D 
and 28D CS.    

C. Influence of triple blending on mortar CS and water 
demand. 

Figure 3 shows the influence of triple blending on mortar 
CS. When the triple blending of mortar is done by the FA and 
SF for the higher w/b ratios, the CS is decreasing up to a 
maximum of 52%. The blending of NSF and FA is also 
showing the same result, but a little gain in strength is 
observed when compared to the fly ash mortar cube. This gain 
in strength may be attributed to the presence of NSF. Though 
there is a reduction in strength of ternary mixes with NSF and 
SF compared to control due to increased w/b ratio, there is an 
improvement in strength gain compared to ternary mixes 
using fly ash. The regression analysis with Adj. R2 equal to 
82% also shows that FA and NSF are significant in 
contributing strength to the mortar cubes.   

D. Influence of quaternary blending on mortar cubes 

Figure 4 shows the variation in the strength of mortar cubes 
with NSF, SF and FA, which has a positive effect, but there is 
a higher demand for water for workability. This had resulted 
in a reduction in the strength, which satisfies the Abram’s 

Law. Table 3 displays the ANOVA results for the variables 
used in the model, which had a high R2 and adj. R2 values. 
This indicates a high impact on the experimental results. In 
addition, the results of the F-test had higher values than the F 
critical, which point towards their importance in making the 
mortar strong. Therefore, these variables are significant and 
had a predictive capacity. 

VI. INFLUENCE OF POZZOLANS ON MORTAR 

CUBE CS WITH FIXED W/B OF 0.485. 

It is observed that water addition is affecting the strengths 
considerably in the earlier phase of work and hence to know 
the reactivity of pozzolans, the w/b was constant at 0.485. 
Figure 5 show that the blending of cement with pozzolans has 
a positive effect with increased CS at different ages.      

The CS was assessed by using the Modified Bolomey’s 

Equation. In this equation, the additive constant is taken as 0.5 
based on recommendations of Rajamane[28], which is in good 
correlation with the Indian Cement brands while designing the 
mixtures. The Cementing Efficiency Factor is defined as the 
ratio of the cementing efficiency of FA, SF and NSF to the 
cementing efficiency of the cement to which these admixtures 
were added. 
Bolomey’s modified Equation  

       (3) 
Using MATLAB, the constants of the equation were 

calculated and given in Table 4. The equation under 
consideration is following the trends as specified by the 
earlier researchers. The efficiency of Nano silica is higher at 
7days, but its value is decreasing with age, and the efficiencies 
of FA and SF are improving with age which is also confirming 
the test results as reported by Zhang and Islam[29].  

A. Analysis of Mortar Cube Strengths Using Minitab-16. 

Minitab is one of the powerful statistical tools for 
regression analysis to find the effects of the variables on the 
main parameters of strength. The regression equations for 7 
and 28 days were obtained and found that when NSF and SF 
were combined with FA, they are losing their significance in 
enhancing the CS of mortar cubes (p-value less than 0.05). 
The only parameter affecting the strength is FA. The 
regression equations for 7, 28 and 56 days CS is given below.  
7D CS= 26.8+0.2 x NSF% - 0.3 x SF% - 0.29 x FA%  (4) 
28D CS= 40.87 – 0.075 x NSF% - 0.31 x SF% - 0.43 x FA% 
                      (5) 
56D CS= 44.75 – 0.49 x NSF% - 0.296 x SF% - 0.31 x FA% 
                      (6) 

The Pareto diagram indicates FA has a significant effect on 
the 7, 28 CS of mortar cube strength. From the Figs. 6, 7 and 
8, it is observed that 3% NSF is 
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 more effective in improving the strength of mortar and 5% 
SF and 20% FA combination along with NSF can give an 
average strength of mortar (mean value as per the graphs). In 
addition to this 10%SF and 20%, FA combination along with 
NSF is also offering an approximately same result at 56 days 
of curing. Hence a combination of 20% FA, 10% SF and 2% 
NSF provides an economical mix with more saving on 
cement. 

VII. CALCULATION OF BOLOMEY’S CONSTANTS 

IN CONCRETE 

Neville and Aitcin[30] observed that for making a 
high-performance concrete, the binder content could be up to 
600kg/m3 with a combination of Portland cement, FA, SF and 
NSF. To study the pozzolana effect on concrete with 
efficiency factors, two grades of concrete with cement at 500 
and 650kg/m3 with fixed water binder ratio were cast and 
tested. Substituting the values of these quantities in 
Bolomey’s equation, the constants were calculated and given 

in Table 5. 
To validate the efficiency factors, a concrete containing 

450 kg/m3 of cement with fixed 10%SF and 20%FA and 2-3% 
of Nano silica was tested for CS. The results are compared by 
a statistical term of Mean Absolute Percentage Error 
(MAPE).  

   (7) 
The observed values and predicted CS was within 10% 

error. The trend in the strength gain of concrete with 
pozzolans is similar to blended mortars, and the variation in 
the efficiency factors of concrete is the same as those of 
mortar. Hence by testing of cement mortars, an efficient 
concrete with pozzolanic materials can be obtained.  

VIII. RESULTS OF FLEXURAL STRENGTH 

Figure 10 illustrates the flexural strength variation, and 
when the results of compression and flexure were analysed, 
the following relation is obtained:  

 or equivalent to  (where 

fck=56 day CS of mortar) The values obtained by this relation 
are  lower than the results obtained by Haach et al.[31] 

A. Influence of pozzolans on flexural strength of prisms. 

The flexural strength is increasing up to 20% FA, and with 
30% FA, the strength is reduced to 8% (Fig. 10). The trend is 
the same as that reported by Siddique[32]. Addition of 5% SF 
improved the strength by over 36% than the control mix and 
the raise in strength is only 10% when 10% SF was used 
which is similar as reported by Appa Rao[33]. The presence of 
NSF at all levels is showing an improved performance up to a 
maximum of 76% with 2%NSF. The blending of SF and FA at 
10% and 20% respectively is showing a maximum increase in 
the strength by 34% compared to the control mix. The 
strength of mortar with FA and NSF is more than that of 
control mix, reaching a maximum of 68% with 3% NSF and 
20% FA. The ternary blend of SF and NSF is also reaching a 
maximum value of 60% with 3%NSF and 5% SF. The 
quaternary blending is giving a positive trend and improving 

up to a maximum of 48% with 2%NSF, 5%SF and 20% of FA 
and the results are stabilized at 10%SF with a reduction in 
strength on further increase in dosages of NSF. In all the 
above tests, the prisms failed suddenly indicating brittle 
failure. 
Flexural strength (MPa) = 5.90 - 0.156 x NSF% -0.047 x SF% 
- 0.03 x FA%                    (8) 

IX. OPTIMUM MIXES 

On the whole, referring to the figures 6, 7 and 8 of main 
effect plots, the mixes having 20% fly ash, 5% SF and 3% 
NSF as a partial replacement of cement are giving optimum 
strengths. But to get optimum utilization of Cement in 
concrete at higher ages, i.e. at 56 days of curing and referring 
to Fig. 9, a combination of 20% fly ash, 10% SF and 2% NSF 
as a replacement to cement may be considered. 

X. CONCLUSIONS 

Conclusions drawn from the experimental investigation are   
 The addition of Silica Fume and Nano silica decreased the 

consistency of cement paste, increasing water demand 
while a marginal increase in the consistency was observed 
with the addition of Fly ash. 

 The  setting times were decreased by the addition of Silica 
Fume and Nano silica, which indicates the necessity of 
retarder to maintain the plasticity of concrete. 

 Equations were proposed for estimating consistency and 
initial setting time with an R2 value of 78%. 

 The 28-day CS of triple blended mortars with fixed w/c 
ratio was reduced marginally.  

 The optimum percentages of pozzolans in quaternary 
blended mortars / concretes are obtained as 20% fly ash, 
5% SF and 3% NSF considering the CS at 28 days and 
optimum percentages are 20% fly ash, 10% SF and 2% NSF 
corresponding to the CS at 56 days. 

 The flexural strength is increased to the tune of 76% when 2 
to 3% cement is replaced by NSF 

 The flexural strength of mortar prisms is found to be 
optimum in quarternary mixes when cement is replaced by 
FA, SF and NSF by 20%, 5% and 2 or 3% respectively. The 
maximum increase in strength is to the tune of 50%. 

 The proposed equation expressing the flexural strength in 
terms of CS is predicting the flexural strength with more 
than 90% accuracy. 

 The presence of fly ash in the mix improved the 
workability, while the presence of SF or NSF enhanced the 
strength of both concrete and mortar. 

 By using the efficiency factors, Modified Bolomey’s 

equation predicts the CS of concrete reasonably. 

ACKNOWLEDGEMENTS 

The experimental study is part of UGC minor research 
project No: F MRP 6151/15(SERO/UGC) January 2015. The 
authors express sincere thanks to the management and 
Principal of Vasavi College of Engineering, Hyderabad for 
the support in carrying out the 
experimental work in the 
college laboratories. 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878, Volume-8 Issue-3, September 2019 

 

6529 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: C5217098319/2019©BEIESP 
DOI:10.35940/ijrte.C5217.098319 
Journal Website: www.ijrte.org 
 

 Our special thanks to Dr.B.Sridhar and Dr.G.V.Ramana 
Murthy, for their constant encouragement and help.  The help 
of Undergraduate students during laboratory experimentation 
is also acknowledged. 

REFERENCES 

1.  Smith IA, "The design of fly-ash concretes," in Proceedings of the 
Institution of Civil Engineers, London,UK, 1967, pp. 769-790. 

2. Neville AM, "Properties of concrete", 5th ed.: Pearson education 
limited, 2011 

3. Nielsen LF, "Strength development in hardened cement paste: an 
examination of some empirical equations," Materials and Structures, 
vol. 26, pp. 255-260, 1993. DOI: 10.1007/BF02472946. 

4. Ganesh Babu K and Nageswara Rao GS, "Efficiency of fly ash in 
concrete," Cement and Concrete Composites, vol. 15, pp. 223-229, 
1993. DOI: 10.1016/0958-9465(93)90025-5. 

5. Appa Rao G, "Generalization of Abrams' law for cement mortars," 
Cement and Concrete Research, vol. 31, pp. 495-502, 2001. DOI: 
10.1016/S0008-8846(00)00473-7. 

6. Tangpagasіt J, Cheerarot R, Jaturapіtakkul C, and Kiattikomol K, 

"Packіng effect and pozzolanіc reaction of fly ash in the mortar," 

Cement and Concrete Research, vol. 35, pp. 1145-1151, 2005. DOI: 
10.1016/ј.cemconres.2004.09.030. 

7. Wong HS and Abdul Razak H, "Efficiency of calcined kaolin and silica 
fume as a cement replacement material for strength performance," 
Cement and Concrete Research, vol. 35, pp. 696-702, 2005. DOI: 
10.1016/ј.cemconres.2004.05.051. 

8. Erdem TK and KIrca Ö, "Use of bіnary and ternary blends in hіgh 

strength concrete," Construction and Building Materials, vol. 22, pp. 
1477-1483, 2008. DOI: 10.1016/ј.conbuildmat.2007.03.026. 

9. Qing Y, Zenan Z, Li S, and Rongshen C, "A comparative study on the 
pozzolanіc activity between nano-SiO2 and silica fume," Journal of 
Wuhan University of Technology-Mater. Sci. Ed., vol. 21, pp. 153-157, 
2006. DOI: 10.1007/BF02840907. 

10. Shіh J-Y, Chang T-P, and Hsіao T-C, "Effect of nanosіlica on 

characterizatіon of Portland cement composite," Materials Scіence and 

Engineering: A, vol. 424, pp. 266-274, 2006. DOI: 
10.1016/ј.msea.2006.03.010. 

11. Ltіfi M, Guefrech A, Mounanga P, and Khelіdj A, "Experimental study 

of the effect of addition of nano-silica on the behaviour of cement 
mortars," Procedia Engineering, vol. 10, pp. 900-905, 2011. DOI: 
10.1016/j.proeng.2011.04.148. 

12. Hou P, Kawashima S, Kong D, Corr DJ, Qian J, and Shah SP, 
"Modification effects of colloidal nanoSiO2 on cement hydration and its 
gel property," Composites Part B: Engineering, vol. 45, pp. 440-448, 
2013. DOI: 10.1016/j.compositesb.2012.05.056. 

13. Pacheco-Torgal F, Miraldo S, Ding Y, and Labrіncha J, "Targeting HPC 

with the help of nanoparticles: An overvіew," Construction and Buіlding 

Materіals, vol. 38, pp. 365-370, 2013. DOI: 
10.1016/ј.conbuildmat.2012.08.013. 

14. Heikal M, El Aleem SA, and Morsi W, "Characteristics of blended 
cements containing nano-silica," HBRC Journal, vol. 9, pp. 243-255, 
2013. DOI: 10.1016/j.hbrcj.2013.09.001. 

15. Mukharjee BB and Baraі SV, "Assessment of the іnfluence of 

Nano-Silica on the behavіor of mortar usіng factorial design of 

experiments," Construction and Building Materials, vol. 68, pp. 
416-425, 2014. DOI: 10.1016/ј.conbuildmat.2014.06.074. 

16. Li L, Huang Z, Zhu J, Kwan A, and Chen H, "Synergistic effects of 
micro-silica and nano-silica on strength and microstructure of mortar," 
Construction and Building Materials, vol. 140, pp. 229-238, 2017. DOI: 
10.1016/ј.conbuildmat.2017.02.115. 

17. IS: 12269 (2013), "Specification for ordinary Portland cement, 53 grade 
(first revision)," BIS, New Delhi, India. 

18. Quercia G, Hüsken G, and Brouwers H, "Water demand of amorphous 
nano-silica and its impact on the workability of cement paste," Cement 
and Concrete Research, vol. 42, pp. 344-357, 2012. DOI: 
10.1016/j.cemconres.2011.10.008. 

19. IS: 3812 (Part-1)(2013)"Specification for pulverized fuel ash: Part 1 For 
use as pozzolana in cement, cement mortar and concrete (third 
revision)," BIS, New Delhi, India. 

20. IS: 383(reaffirmed 2011)(1970), "Specification for coarse and fine 
aggregates from natural sources for concrete(second revision)," BIS, 
New Delhi, India. 

21. IS: 5513(1996), "Specification for Vicat apparatus," BIS, New Delhi, 
India. 

22. IS: 10890(1994), "Specification for planetary mixer used in tests of 
cement and pozzolana,"BIS, New Delhi, India. 

23. IS: 5512(1983), "Specification for flow table for use in tests of hydraulic 
cements and pozzolanic materials (first revision)," BIS, New Delhi, 
India. 

24. IS: 516(1959), "Methods of Tests for Strength of Concrete," BIS, New 
Delhi, India. 

25. ASTM C348 (2014), "Standard Test Method for Flexural Strength of 
Hydraulic-Cement Mortars," ASTM International, www.astm.org, West 
Conshohocken, PA, USA, 2012. 

26. ASTM C109 (2016), "Standard Test Method for Compressive Strength 
of Hydraulic Cement Mortars (Using 2-in. or [50-mm] Cube 
specimens)," ASTM, USA,West Conshohocken, PA, 2012. 

27. Mora EP, Paya J, and Monzo J, "Influence of different sized fractions of 
fly ash on the workability of mortars," Cement and Concrete Research, 
vol. 23, pp. 917-924, 1993. DOI: 10.1016/0008-8846(93)90045-B. 

28. Rajamane NP, "A general formula to replace concrete BIS mix design 
curves of SP:23 (S&T)-1981," New Building Materials & Construction 
World, vol. 10, pp. 125-129, 2005.  

29. Zhang M-H and Islam J, "Use of nano-sіlica to reduce setting tіme and 

increase early strength of concretes with high volumes of fly ash or slag," 
Construction and Building Materials, vol. 29, pp. 573-580, 2012. DOI: 
10.1016/ј.conbuildmat.2011.11.013. 

30. Nevіlle A and Aitcin P-C, "High-performance concrete—an overview," 
Materials and Structures, vol. 31, pp. 111-117, 1998. DOI: 
10.1007/BF02486473. 

31. Haach VG, Vasconcelos G, and Lourenço PB, "Influence of aggregates 
grading and water/cement ratio in workability and hardened properties 
of mortars," Construction and Building Materials, vol. 25, pp. 
2980-2987, 2011. DOI: 10.1016/ј.conbuildmat.2010.11.011. 

32. Siddique R, "Effect of fine aggregate replacement with Class F fly ash 
on the mechanical properties of concrete," Cement and Concrete 
Research, vol. 33, pp. 539-547, 2003. DOI: 
10.1016/S0008-8846(02)01000-1. 

33. Appa Rao G, "Investigations on the performance of silіca fume 

incorporated cement pastes and mortars," Cement and Concrete 
Research, vol. 33, pp. 1765-1770, 2003. DOI: 
10.1016/S0008-8846(03)00171-6. 

AUTHORS PROFILE 

 

M.V.S.S.Sastri, Associate Professor, 
Department of civil Engineering, 
Vasavi College of  Engineering(A), 
Ibrahimbagh, Hyderabad - 500031 
(TS),  M.Tech (Structures), 
Specializes in the field of Concrete 
making and testing. Email: 
sastrimvss@gmail.com, 
mvss.sastri@staff.vce.ac.in 

 

Dr.K.Jagannadha Rao, Professor, 
Department of Civil Engineering, 
Chaitanya Bharathi Institute of 
Technology(A), Gandipet, Hyderabad 
– 500075, (TS). M.E.(Structures). 
PhD. Guided Two Doctoral students 
and reviewer of many international 
Scopus Indexed Journals. E-mail: 
kjagannadharao@yahoo.com 

 

Dr.V. Bhikshma, Professor, 
Department of Civil Engineering, 
University College of Engineering(A), 
Osmania University, Hyderabad- 
500007. M.Tech(Structures).PhD, 
guided Two Doctoral students and 
reviewer of many International 
Scopus Indexed Journals. 
E-mail:v.bhikshma@gmail.com 

 

 

 

 

 



Estimation of Compressive Strength of Concrete by testing the Pozzolanic Reactions of Blended Cement Mortars using 
Bolomey’s Equation 

 

6530 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: C5217098319/2019©BEIESP 
DOI:10.35940/ijrte.C5217.098319 
Journal Website: www.ijrte.org 
 

Table 1: Physical properties and chemical composition of materials 

  OPC 
Fly ash 

(FA)* 

Micro silica 

(SF)* 

Nano silica 

(NSF)* 

Chemical 

composition (%) 
CaO 63.4 3.9 0.2 - 

 SiO2 20.1 46.3 95.9 >99.8* 

 Al2O3 4.1 28.5 0.3 - 

 Fe2O3 3.3 18.5 0.3 - 

 MgO 3.6 1.8 0.4 - 

 Na2O 0.2 0.2 0.05 - 

 K2O 0.4 0.6 0.6 - 

 SO3 2.1 0.2 0.2 - 

 LOI 2.4 2.3 1.5 - 

Mineral phases (%) C3S 66.8 - - - 

 C2S 7.3    

 C3A 5.3    

 C4AF 10.1    

Physical properties 

(%) 
Blain fineness (m2/kg) 308    

 BET surface area (m2/g) - - 21.3 200.1 

 Average primary particle size 28.2 μm 27.3 μm 150nm 12nm 

 Specific gravity 3.15 2.5 2.2 2.2 

*Information provided by the supplier. 

Table  2:Nomenclature of the mortar mixes used for setting time and consistency and other mechanical tests. 

Mixes with 
Variable w/b 

Mixes with 
fixed w/b 

mix cement NSF SF FA 

A1 B1 (0,0,0) 100 0 0 0 

A2 B2 (0,0,20) 80 0 0 20 

A3 B3 (0,0,30) 70 0 0 30 
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Mixes with 
Variable w/b 

Mixes with 
fixed w/b 

mix cement NSF SF FA 

A4 B4 (0,5,0) 95 0 5 0 

A5 B5 (0,5,20) 75 0 5 20 

A6 B6 (0,5,30) 65 0 5 30 

A7 B7 (0,10,0) 90 0 10 0 

A8 B8 (0,10,20) 70 0 10 20 

A9 B9 (0,10,30) 60 0 10 30 

NC B10 (2,0,0) 98 2 0 0 
NC B11 (2,0,20) 78 2 0 20 
NC B12 (2,0,30) 68 2 0 30 
NC B13 (2,5,0) 93 2 5 0 
NC B14 (2,5,20) 73 2 5 20 
NC B15 (2,5,30) 63 2 5 30 
NC B16 (2,10,0) 88 2 10 0 
NC B17 (2,10,20) 68 2 10 20 
NC B18 (2,10,30) 58 2 10 30 

A10 B19 (3,0,0) 97 3 0 0 

A11 B20 (3,0,20) 77 3 0 20 

A12 B21 (3,0,30) 67 3 0 30 

A13 B22 (3,5,0) 92 3 5 0 

A14 B23 (3,5,20) 72 3 5 20 

A15 B24 (3,5,30) 62 3 5 30 

A16 B25 (3,10,0) 87 3 10 0 

A17 B26 (3,10,20) 67 3 10 20 

A18 B27 (3,10,30) 57 3 10 30 

A19 B28 (6,0,0) 94 6 0 0 

A20 B29 (6,0,20) 74 6 0 20 

A21 B30 (6,0,30) 64 6 0 30 

A22 B31 (6,5,0) 89 6 5 0 

A23 B32 (6,5,20) 69 6 5 20 

A24 B33 (6,5,30) 59 6 5 30 

A25 B34 (6,10,0) 84 6 10 0 

A26 B35 (6,10,20) 64 6 10 20 

A27 B36 (6,10,30) 54 6 10 30 

*NC: Not Prepared 

Table 3: ANOVA results for 7D CS of mortars with variable w/b ratio. 

 
df SS MS F Significance F 

Regression 4 226.8705 56.71762 16.3009 0.000651 

Residual 8 27.83533 3.479417 
  

Total 12 254.7058 
   

ANOVA results for 28D CS strength of mortars with variable w/b ratio 
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df SS MS F Significance F 

Regression 4 238.1078 59.52696 2.949534 0.09021 

Residual 8 161.4546 20.18182 
  

Total 12 399.5624 
   

 

Table 4. Modified Bolomey’s equation constants 

Constants 

Coefficients obtained at different ages 

7D 28D 56D 

A A 15.69 25.80 28.65 

nS K1 1.92 0.62 0.17 

SF K2 0.25 0.64 0.50 

FA K3 0.14 0.16 0.47 

Table 5: Efficiency factors of pozzolans in concrete 
based on Bolomey’s Equation. 

CONSTANTS Coefficients 28D 

A A 25.457 

NSF K1 1.328 

SF K2 0.748 

FA K3 0.340 

 

 

Fig. 1:Variation of consistency and setting times in different mixes 

  

 

Fig. 1. The CS of binary mortar mixes with variable w/b 

ratio 
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Fig. 2.The CS of ternary blended mortar with 
variable w/b ratio. 

 
Fig. 3. Compressive strength of quaternary blended mortar cubes using Nano silica. 

 

Fig. 4.The CS of cement mortar with fixed w/b ratio at 0.485 
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Fig. 6: Main effects plot for 7 Days compressive 

strength 
 

 
Fig. 5: Main effects plot for 28Days compressive 

strength 

Fig. 6: Main effects plot for 56Days compressive strength 
 

Fig. 9: Main effects plot for 56Days flexural strength 

 

 
Fig. 7: Flexural strength of cement mortar beams 
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Abstract— The main objective of the study is focused on 

removing the impurities in fuel substances. In the filtration 

process, sound waves are passed, as the longitudinal wave is also 

called as a compression wave. Ultrasonic signals are created with 

the help of transformer and that feeds into the transducer. When 

the output of the transducer is passed to the liquid medium it 

collides with dust particles and pushes the dust particles 

downwards. The subsequent ultrasonic waves retain the 

impurities in the bottom. Then the pure material is obtained in 

the upper part and the impurities in the bottom are removed by 

opening the lower part. The proposed method of ultrasonic filter 

will filter the dust particles in the liquid using polystyrene 

microscope and frequency sweep techniques, it generates the 

constant longitudinal ultrasonic waves in horizontal direction of 

a glass tube having large radius. This method makes the dust 

particles to settle down at the bottom and pure liquid will be 

present at the top layer. 

 

Keywords—Filtration, transducer, micro-particle, ultrasonic 

waves 

I. INTRODUCTION 

The density of micro-particle is manipulating caused by 

unleaded fuel. This method helps to trap, sort, and filter the 

unleaded fuel into a purified fuel which is a crucial process 

in the field of Automobile technology. It can improve the 

engine performance and also better the mileage. However, 

in today’s petroleum market the available of liquid contains 

a high level of lead particles that creates very serious 

environmental issues and various hazards on the human’s 

health (1). 

There are various methods for identifying micro-particle 

manipulations based on the physical principles which have 

identified by adding optical radiation force and electrostatic 

force. For example, the manipulation of bio-cells identified 

in biotechnology is practically possible. the proposed ultra-

sonic filtration method uses Electronic timer circuit  is used 

to give an timing pulse to frequency sweep technique to 

generates a constant longitudinal aquatic ultra-sonic Aquatic 

sound waves inside the liquid in horizontal (longitudinal) 

direction.which  creates a constant vibration inside the liquid  

and it makes the micro dust particles to move towards at 

pressure node or anti node.[5]  
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This makes the microscopic dust particles to vibrate and 

to settle down at specific region of the channel the 

remaining liquids are allowed to flow through the different 

outlet of the glass tube, without using any barrier filter 

inside the tube. In existing method [6],[7] such as barrier 

filtration and centrifugal filter uses a separate filter 

membrane inside the glass tube to filter the dust particle, in 

that method even though the microscopic dust particles will 

still exist in the liquid layer. 

The frequency sweep technique generates the ultra-sonic 

aquatic sound waves with respect to frequency in the range 

of few MHZ to GHZ. The deviation in the frequency will 

reduces the filter efficiency. In such cases the node plane 

should be situated at the center of the channel in order to 

protect the resonance of the frequency. In the proposed 

method we constructed the node plane is placed at the center 

of the channel and creates a two outlet in the glass tube 

having large diameter. One outlet is used to collect the 

purified liquid and another outlet is used to collect the dust 

particles. The based on different time periods the frequency 

sweep techniques generates different frequency based on the 

user selection of dust particles size.    

 
Fig longitudinal waves 

 

Our proposed technique will make a simple flow-through 

filtration method by using frequency sweep technique. In the 

proposed approach, the direction of the ultra-sonic sound 

waves will create an acoustic radiation force on microscopic 

dust particles is perpendicular to the direction of liquid flow, 

whereby radiation force by the created by small ultra-sonic 

aquatic longitudinal waves can translocate microscopic dust 

particles instantly. The modularized device with narrow 

channel is made of steel and acrylic fiber. 

II. EXISTING SYSTEM 

Coarse filtration, microfiltration, ultrafiltration, reverse 

osmosis, distillation are the existing systems for purification. 

Distillation method: The action of purifying a liquid by a 

process of heating and cooling. The major drawbacks of  
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existing system require a Separate filter membrane and 

distillation process needs a large amount of energy, boiling 

point of water. Even though the microscopic dust particles 

will still exist in the liquid layer and it cannot be removed 

efficiently and the entire existing filtration method requires 

a high cost.  

III. PROPOSED SYSTEM 

The main objective of the Proposed system is to remove 

the impurities in liquid substance. The user selectable 

particle size and no filter medium is required. For this 

filtration process ultra-sonic sound waves are passed as a 

longitudinal wave to vibrate in the glass tube having a large 

diameter. It used frequency sweep technique to generate the 

constant longitudinal ultra-sonic sound waves inside the 

liquid. Ultrasonic wave signals are created with the help of 

transformer and fed it into transducer. The output of 

transducer has ultra-sonic longitudinal waves is passed 

through the liquid medium. Due to constant vibration of 

longitudinal ultra-sonic sound waves using frequency sweep 

technique will make the microscopic dust particles to move 

in nodal and anti-nodal direction.  Then, it pushes the 

particles downwards and pure material is obtained in the 

upper part. 

A. Merits 

The major merits of this method:  

1. No filter medium is required   

2. Clotting does not occur.  

3. User selectable particle size. 

4. Cost is low  

A. Block Diagram of the system: 

 
Fig. 1. Block Diagram of the system 

B.Transformer :- 

In this method we have used two types of transformer the 

reduce and increase the power supply voltage varies from 

0V to 230 Volts. The transformer used to reduce the input 

power supply voltage by 7.5Volts. And the reduced input 

power supply voltage is given as an input to one end of the 

transducer. And second transformer will increase the input 

power supply voltage by 17.5 volts. The increased output 

voltage is given as a input to another terminal of the 

transducer. The figure shows the output voltage of the 

transformer. 

 
Fig: Voltage waveform of Transformer 

C.Transducer : 

Transducer is a device which is used to convert physical 

form of energy into Electrical signals either voltage or 

current. In our proposed method the output of transformer is 

connected to the transducer to convert the electrical signal 

into an Electronic ultra-sonic aquatic sound waves to 

generate inside the liquid. The transducer consists of an 

acrylic fibre and LEAD ZIRCONATE TITANATE (PZT) 

using piezo electric effect & Electronic timer control circuit 

method, it generates a different frequency based on the time 

period to produce the longitudinal ultra-sonic aquatic sound 

waves at constant vibration inside the glass tube to filter the 

dust particles in the liquid. 

 

D. Properties of ultrasonic waves: - 

1.  It is an energetic wave.  

2.  Frequency range from 20KHz to several giga Hertz 

3. These waves travel with in a same velocity of light in a 

given medium.  

4. These waves can filter the microscopic plastics 

particles, small metals etc.  

5. These can produce oscillations in low viscosity liquids. 

6. The ultrasonic waves are following the same principle 

of light waves. 

E.Characteristics of Acrylic fiber: 

1. It is  made up of  polyacrylonitrile polymer.  

2. Acrylic Fiber are the High Performance Fiber.   

3. It contain  85% acrylonitrile monomer. 

4. it is also called as Synthetic Fiber. 

 4. It absorbs the sound waves and it doesn’t emit the 

sound waves.  

5. It have low elasticity and it have an elongation 

increases when wet. 
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F.Characteristic of LEAD ZIRCONATE TITANATE 

(PZT): 

1. PZT develops a voltage (or potential difference) 

across two of its faces when    

compressed  

2.  It is doped either acceptor or donor, because it is 

not used in pure form. 

3. By using a piezo electric principle, it generates a 

constant frequency of oscillation. 

4. This material is placed in the mid of transducer. 

5. It can transmit and receive high frequency. 

6. High sensitivity for active or passive use. 

IV. CONSTANT FREQUENCY GENERATION 

USING ELECTRONIC TIMER CIRCUIT.  

 The Transducer produces Electrical signal voltage as the 

output and it is passed to the Piezo electric material called 

LEAD ZIRCONATE TITANATE (PZT).  It receives the 

input from the transducer, based on the transducer output 

voltage the Piezo Electric Material (PZT) works on the 

piezo electric effect and it generates a constant Frequency of 

oscillations. the generated constant frequency is passed to 

the Electronic frequency Sweep Technique to generate the 

Ultra-sonic constant aquatic sound waves inside the liquid 

inside the glass tube having a large radius.  

 The generated Ultra-sonic constant aquatic sound waves 

creates a constant acoustic radiative vibration force with 

respect to frequency .The liquid present inside the glass tube 

will starts to oscillate in up and down due to constant 

acoustic radiation force, Due to this constant vibration it 

makes the micro dust particles to move towards at anti node 

i.e. at the bottom layer. The filter liquid will be present in 

the top layer. This microscopic dust particles have to vibrate 

and to settle down at specific region of the channel the 

remaining liquids are allowed to flow through the different 

outlet of the glass tube. 

 In our proposed method we constructed the node plane is 

placed at the center of the channel and creates a two outlet 

in the glass tube having large diameter. One outlet is used to 

collect the purified liquid and another outlet is used to 

collect the dust particles. The modularized device with 

narrow channel is made of steel and acrylic fiber. The 

acrylic fiber is used for producing more damping when the 

ultrasonic aquatic sound waves is passed inside the liquid. 

Table  

Inside the glass tube the fluid consists of many dust 

particles such as small ceramic particles, bacteria cell and 

small polystyrene beads, when the ultra-sonic aquatic sound 

waves varies with respect to frequency in the range of few 

MHZ to GHZ. The deviation in the frequency will reduces 

the filter efficiency. In such cases the node plane should be 

situated at the center of the channel in order to protect the 

resonance of the frequency 

 
Fig Shows the Hardware connections 

. V. ELECTRONIC TIMER CIRCUIT TO 

GENERATE PERIODICAL FREQUENCY & 

RESULTS 

Due to variation in frequency range in the order of MHZ 

to GHZ. Either it increases or decreases the aquatic sound 

vibration inside the liquid. Due to this it decreases the 

efficiency of the filtration process. And some of the dust 

particle still present inside the liquid. In order to increase the 

efficiency of the filtration process we are using an 

Electronic timer circuit to used   to avoid the sudden 

increase and Decrease in frequency.  

 

 VI. FREQUENCY VIBRATION IN LEAD 

ZIRCONATE TITANATE (PZT) USING TIMER 

CONTROL CIRCUIT   

In our proposed Method we use Electronic timer circuit to 

generate the particular time period of frequency to filter the 

dust particles such as (SIC), polystyrene dust particles, lead 

and small plastic dust particles. In this proposed method the 

user has to select the time period based on the dust particles.  

For dust particle such as SIC the time period should be 

selected as   t= ‘1’ and for polystyrene Dust particle time 

period should t= ‘3’ seconds should be set in timer circuit. 

So that for the particular time duration it generates the 

ultrasonic aquatic sound waves with respect to particular 

frequency, it will produce the 

vibration inside the liquid and  
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then it filter the dust particles at the bottom layer of the glass 

tube.  

VII. CONCLUSION 

In our above investigation, the ultra-sonic aquatic sound 

waves generation using frequency sweep technique will to 

filter the Microscopic dust particles like Sic and polystyrene 

diluted in liquid with the flow rate of 0.1 ml/min.  our 

proposed  filtration method, the frequency range and sweep 

time period calculated, as t= 1 seconds for SIC Dust 

particles and t= 3 seconds for Polystyrene particles were 

determined to filter the dust particles present in liquid. For 

the liquid flow filtration experiments requires a large 

microchannel device made of steel and acrylic was 

manufactured. The proposed method shows the successful 

results in filtration performance on dust particles present 

inside the liquid. This method can be practically 

implemented in operating micro-fluidic devices to filter the 

impurities present in the liquid. 
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Abstract— The global waste production in now a days is 

increasing at a rapid rate, it is predicated that it will give rise to 

28 billion tonnes per year by 2051, one-third of the whole global 

Asian continent is majorly contributed by India and china. The 

Main objective of the proposed method is to achieve clean India 

mission abbreviated as SBM. To make our urban and rural areas 

surrounding to be clean without any dry and wet waste. So our 

proposed method is designed to collect dry and wet Waste using 

IOT and embedded system Technology. The government has 

provided two dustbins in every place to dump the waste, one for 

dry waste and other for wet waste. The sensors node is kept inside 

the dustbins. When it becomes full it sends the signal to the 

Transmitter node. After Receiving the signal from sensor node, it 

updates details area and location in the common cloud IOT 

database. Then it sends the information to particular Location 

vehicle Driver to collect the waste.in the vehicle it has separate 

provision to collect dry and wet wate using conveyor belt and h-

bridge motor driver circuit. After collecting the waste it updates 

the information to the common cloud database system. node 

I. INTRODUCTION 

In our country India producing nearly 58 million tonnes 

of waste per year. The per capita of waste generated in our 

country India ranges from 0.199 Kg to 0.599 Kg. It is 

predicated that, especially in developed citys, produces 0.7 

kg of waste per person per day. The advance development 

and growth in industry automations have created a major 

impact on the environment by affecting land, water, air, and 

noise pollution Due to this it reduces our purity in natural 

air, good water becomes polluted water. these things will 

lead to global warming, greenhouse gas, acid rain, etc. 

Dumping of huge plastic waste will affect the drought, as it 

gives chances to reduce our natural rainfall. The 75% of 

total waste will spoils our natural surrounding environment. 

,by observing all the natural calamities it gives suggestions 

to dispose the waste materials properly without affecting the 

environment .This improper disposal of waste causes 

infectious and chronic diseases to humans and animals.  The 

various charts show in the figure shows the total percentage 

of waste produced in every country 
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II. PROPOSED METHOD  

Generally, in Electronics Arduino is a open-source 

platform based on different embedded micro-controllers 

such as AVR, ARM, Atmega-8 etc. and it made ease of use 

in hardware interfacing device modules such as sensors, 

GPS, ZigBee, Motor direction control, Rf modules module, 

USB module. Bluetooth, WIFI etc. Arduino 

microcontrollers are instructed and coded using the Arduino 

Integrated Development Environment. It works and supports 

efficiently in Windows, Mac OS X, and Linux operating 

system.  

In our proposed method Arduino UNO Embedded 

Microcontroller is employed in three modules. sensor node 

is placed on the dustbin to sense dry and wet waste , when it 

becomes full it sends the signal to the Transmitter node. The 

second module is transmitter node After Receiving the 

signal from sensor node it updates details such as  area and 

location in the common cloud IOT database. The third 

module is Vehicle module it is placed inside vehicle. The 

transmitter node sends the information to particular Location 

vehicle Driver to collect the waste.in the vehicle it has 

separate provision to collect dry and wet waste using 

conveyor belt and h-bridge motor driver circuit controlled 

by vehicle node. After collecting the waste, it updates the 

information to the common think speak cloud database 

system 

Sensor Module: 

The sensor node module consist of  obstacle sensor and 

RF module. It is placed inside the dustbin when it becomes 

full it enables the RF module to transmit the signal to the 

Transmitter node. 

 
Block diagram of Sensor module 

Vehicle Module: 

In vehicle module We placed a conveyor belt on the dry 

and wet dustbins located in the common place. The Arduino 

Atmega 328 Microcontroller receives the input through the 

dust collecting labors to press the switch. By using the 

switch it sends the input signal to the at mega -8 Arduino 

embedded microcontroller then it sends the command to H-

Bridge to rotate the conveyor belt to dump the waste inside 

the vehicle. After that the empty dustbins are placed in the 

common place. After completing the process it updates the 

information in the common think speak cloud database. 

 
Block diagram of Vehicle Module 

III. HARDWARE DESCRIPTION & RESULTS 

1.Features of Atmel ATmega328 

• ATmega328 microcontroller operating at 5V.  2Kb 

of RAM, 32Kb of flash memory . 

• 1 Kb of EEPROM for storing parameters. 

• The clock speed is 16 MHz . 

• The board has 14 digital I/O pins  

• 6 analog input pins 

 

 

 

 

 

 

 

 

Fig shows the features of Atmega 328 Embedded 

microcontroller 
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Fig Arudino Micro controller Hardware architecture 

2.  LCD Display :- 

 It Display messages 

 16x2,Consist 16 columns and 2 rows. 

 Letters of alphabet, special characters, punctuation 

marks, mathematical symbols etc.  

 Displays has built in backlight blue or green LED. 

 When used during operation, a resistor for limiting 

the current should be used with any LED. 

 The data is the ASCII value of the character to be 

displayed on the LCD. 

 Disadvantage-contents will be lost upon the power 

off. 

It has three control lines such as Enable,read/write  and 

register select  

 Enable (E)Allows access to the display through R/W 

and RS lines. Low-LCD is disabled & ignores signals from 

R/W & RS.High-LCD checks the state of the 2 control lines 

& responds. 

2.Read/Write (R/W) it Determines the direction of data 

between the LCD and microcontroller. Low-data is written 

to the LCD.High-data is read from the LCD. 

Register select (RS)   it interprets the type of data on data 

lines. 

Low- an instruction is being written to the LCD. 

High-a character is being written to the LCD. 

3. DC-Motor & H-bridge Driver IC :- 

In this vehicle module we preferred DC motors having 

external gear arrangement attached with motor. These 

motors that are most commonly used in this module because 

they are have considerable torque to rotate the motor in 

clockwise and Anti-clock wise direction .we use a H-bridge 

motor driver circuit to lift and dump the waste inside the 

vehicle. 

To control the DC motor motion operation of dry and wet 

waste separately . we use “Dual H-Bridge IC L293D” is 

employed in vehicle module.Only 4 possible switches can 

be used for DC motor rotation control, for clockwise 

rotation the position of switch S1-S4 ON, S2-S3 OFF,  And 

for  anti-clockwise rotation the position of switch S2-S3-

ON, & S1-S4 OFF 
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When both the inputs are low as well as high means  DC 

motor will stop rotating, if first pin (4)output is high and 

second pin(5) output is low the DC motor will rotate in 

forward direction (Clockwise ). Next condition if first pin 

(4) output is low and second pin output is high(5) the DC 

motor will rotate in reverse  direction ( anti - Clockwise 

).The table shows the direction control of DC motor based 

on the pin output. These  pin configurations are coded inside 

the Arduino Microcontroller using Arduino IDE software. 

Fig shows the interfacing DC motor and H- bridge to Atmega 328 microcontroller

. 

4. Think speak Cloud Database :- 

The sensor node module is placed inside the dry and wet 

dustbins, it consist of a RF module transmitter, receiver, 

sensors and microcontroller when it becomes full it  

identifies using the object sensor and it transmits the signal 

to the Transmitter node. The second module is transmitter 

node After Receiving the signal from sensor node it updates 

details such as  area and location in the common  think 

speak cloud IOT database.   

Graphs analysis: 

 
Figure:  Vehicle Forward And Backward Movements 

 

 
Figure: Dry Collection Monitoring 
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Figure:  Wet Collection Monitoring 

 

 The third module is Vehicle module it is placed inside 

the vehicle. The transmitter node sends the information to 

particular Location vehicle Driver through the Android APP 

by commanding him to collect the waste in exact location. 

In that vehicle it has separate provision to collect dry and 

wet waste using conveyor belt and H-bridge motor driver 

circuit controlled by vehicle node. After collecting the 

waste, it updates and monitors the data in common think 

speak cloud database system. The graph analysis shows the 

frequent updating of waste data in the think speak cloud 

database. 

IV. CONCLUSION 

The proposed smart automation Technique to collect dry 

and wet waste using IOT module has practically working in 

efficient manner. whenever the waste is full in the dustbin 

situated in a common location in every area, it automatically 

passes the information to the transmitter module to collect 

waste from the particular location. The transmitter module 

will update the exact location and place of the waste in the 

think speak cloud database. And then the transmitter node 

passes the information to exact location vehicle driver 

through an android APP by commanding him to collect the 

waste. The vehicle has a provision to collect and dump 

separate dry and wet waste using conveyor belt and h-bridge 

motor driver circuit controlled by vehicle node. After 

collecting the waste in each and every area, it updates the 

information in think speak cloud Database. Using the think 

speak cloud database it can continuously monitor every 

location updates the details about waste collection. In day to 

day life in our surrounding environment the waste collection 

will increases or decreases it makes the think speak cloud 

system database to be updated frequently. The proposed 

method finally created a path to achieve our government 

‘SBM’ Swach Bharat Mission to keep our surrounding to be 

clean . 
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