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Abstract

Previously, we established several facts regarding hypertension‐associated
cataractogenesis. As a follow‐on study, we evaluated the role of the

renin–angiotensin system (RAS) in angiotensin‐II (Ang‐II)‐induced cataract for-

mation in experimental hypertensive rats. Sprague–Dawley male albino rats

(150–180 g) were used for the present experiment. The animals were divided into

four groups, with six animals in each group. During the 12 weeks of the experi-

mental protocol, the normal group received sterile water (1 ml/kg/day, sub-

cutaneously (sc), and the Ang‐II control group received angiotensin (1 mg/kg/day)

subcutaneously. The ARB (O) group received olmesartan (2 mg/kg/day) orally, and

the ARB (T) group received two drops of olmesartan (5 mM) topically on the

cornea; concurrently, both groups were treated with Ang‐II (1 mg/kg/day, sc) to

induce hypertension. Biweekly, the systolic and the diastolic blood pressures were

recorded, and the eyes were examined; moreover, cataractogenic parameters,

such as oxidative stress markers and protein contents in the lenses, were eval-

uated after completion of the experimental protocol. Twelve weeks of olmesartan

administered, orally or topically, significantly reduced the progression of cataract

formation and restored antioxidants, lipid peroxidation, nitrite content, and pro-

tein contents in the lenses of the mice in groups O and T, respectively, as com-

pared with those in the Ang‐II control group. On the basis of our results, we

conclude that the ocular RAS exacerbates the lenticular oxidative stress that may

lead to cataract formation. The results showed that the RAS has an independent

and important role in cataract formation under hypertensive conditions.
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1 | INTRODUCTION

Cataracts, which are induced by several risk factors, including diabetes

and hypertension, are major causes of ocular blindness,[1,2] and various

case studies have confirmed that hypertension is a prominent risk factor

for cataract development.[3–5] In this study, we established that a variety

of factors affected hypertension‐associated cataractogenesis. Specifically,

untreated hypertension increases lenticular oxidative stress, which may

cause changes in the proteins, as well as the ion transport system, within

the lens, resulting in the development of cataracts. Thus, oxidative/
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ABSTRACT
Since time immemorial natural products have been a great source of medicine to mankind. The anti-
viral activities from several ayurvedic herbal medicines (in the form of crude extract or fraction or iso-
lated compounds) have been established but their effectiveness against coronavirus still needs to be
explored. They can provide a rich resource of anti-SARS-CoV-2 drug candidates. In this paper, in-silico
techniques have been used to identify the potential lead molecules against SARS-CoV-2. A list of flavo-
noids having anti-viral activity was prepared and evaluated against the selected target. Rhoifolin, 5,7-
dimethoxyflavanone-40-O-b-d-glucopyranoside, baicalin, astragalin, luteolin, and kaempferol showed
good binding affinity and thus these could be promising compounds. In-silico screening such as
ADMET prediction has been performed which predicted that the selected flavonoids have good
pharmacokinetics and pharmacodynamics properties. Molecular dynamics simulation studies and MM-
PBSA binding free energy calculations showed luteolin to be a more effective candidate against viral
protein Mpro. The novelty of the approach mainly rests in the identification of potent anti-viral natural
molecules from natural products flavonoid group of molecules to be effective against the latest cor-
onavirus infection.
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1. Introduction

COVID-19 (caused by SARS-CoV-2) is a highly infectious dis-
ease that originated in Wuhan, China, and was later declared
as a global emergency and pandemic (in March 2020) by
World Health Organization (WHO) (Sohrabi et al., 2020).
Tracing through the history of coronaviruses, its first family
member was discovered in the 1930s but it gained popular-
ity in the year 2002–03 when a severe acute respiratory syn-
drome (SARS) outbreak joggled the world by its severity (Hui
et al., 2003). After a decade later in 2012, it made hark back
and was diagnosed in Saudi Arabia in the form of the
Middle East respiratory syndrome (MERS), also known as
camel flu which was believed to be originated from bats but
humans had been typically infected from camels, either dur-
ing direct contact or indirectly (Chafekar & Fielding, 2018).
Lastly, it emerged as novel coronavirus disease-2019
(nCOVID-19) (Rothan & Byrareddy, 2020). As of January 27,
2021, there have been 99,363,697 confirmed cases of COVID-
19, including 2,135,959 deaths as per reports of WHO (World
Health Organization, 2021). In India, as of January 27, 2021, a
total of 10,690,281 confirmed cases have been reported out

of which 173,733 are active; 10,358,328 recovered; and
153,751 deaths (COVID19INDIA 2020).

Currently, no specific treatment is available for this dread-
ful disease as the proliferation and pathogenesis of the virus
is not clear. The medicines used for this disease are mainly
based on their effectiveness against other strains of corona-
virus such as SARS-CoV and MERS-CoV. During the path of
drug development some drug molecules, either single or in
combination, have been screened against the virus, which
exhibited the effect through various mechanisms. The differ-
ent mode of actions of biomolecules against the virus
includes rebalancing Renin-Angiotensin System (RAS), bind-
ing to SARS-CoV-2 Mpro, binding to SARS-CoV-2 protease,
binding to angiotensin II human acetate, binding to SARS-
CoV-2 3 C-like proteinase (3CLpro), binding to SARS-CoV-2
papain-like proteinase (PLpro), binding to AP2-associated pro-
tein kinase 1 (AAK1), etc. (Rismanbaf, 2020). In elderly people,
some other disease conditions like hypertension, diabetes
mellitus, and coronary heart disease enhance the vulnerabil-
ity to COVID-19 (Danser et al., 2020). This is because the
ACE2 receptor allows coronavirus entry into cells and prior
use of RAS blockers might have a high risk of SARS-CoV-2
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The review article serves as a mini directory of medicinal plants (662 medicinal plants

have been identified) that have been investigated for antiviral property between

2015 and 2019. Data have been extracted from Scopus using specific keywords

followed by manual sorting to avoid any duplication. Critical analyses of handpicked

data have been presented. Mapping of medicinal plants, followed by critical analysis

on the families and plant parts investigated in the said tenure, and its correlation with

the participating countries and virus types have been critically analyzed. Interceptive

role of phytochemicals in impeding viral replication has also been taken note

of. Emphasis on India's exploration of various medicinal plants has also been given.

Also presents a tutelage, which is likely to revive the interest in natural products for

search of potential antivirals. This review is expected to serve as a rich data bank and

as a guiding principle for researchers who are planning to explore medicinal plants in

search for potential antiviral. It is time that researchers need to revisit their countries'

own history of traditional medicine to predict something worthful in future.
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1 | INTRODUCTION

Viral diseases have always been a menace for public health. Consider-

ing the havoc of 1918 Spanish Flu, history is on the verge of repeating

itself through its second version as COVID-19 pandemic (Ciotti

et al., 2020; More et al., 2020). The cases of morbidity and mortality

are the highest with viral diseases and the situation even worsens

with the fact that the arsenal of antiviral drugs are not rich enough

and do not have a wide spectrum with vaccination limited to only a

selected viral diseases (Meijer, Jansen, & Molema, 1992). Moreover,

the cost of available antivirals is on the higher side with the issue of

resistance also cannot be ignored, which makes the situation more

grim (Yashaswini, Geetha, & Prashanth, 2019). Migration of people to

different countries for jobs, global travel, and urbanization has also

been cited as one of the causes for spread of viral diseases (Denaro

et al., 2020). Henceforth, it is the right time to revisit the options

available from nature. Nature with its rich diversity of medicinal plants

has always come to the rescue of mankind alleviating pain and suffer-

ing due to different diseases (Halberstein, 2005). Nevertheless, the

current situation of COVID-19 is no different, as traditional Indian

and Chinese medicines have shown a positive intervention in the

management of COVID-19 (Hussain et al., 2020; Thota, Balan, &

Sivaramakrishnan, 2020).

Data mining from Scopus revealed a whopping 489 published

reviews in the last 5 years (2015–2019). The Scopus search was car-

ried out with the help of the keywords “antiviral” and “extract.” Care-
ful manual sorting and elimination of duplication revealed that

215 review articles were committed to the involvement of medicinal

plants as antiviral. Out of these 135, 29, 37, and 14 review articles

were dedicated to exploring the antiviral potential of one particular
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Abstract: Investing in capital market is asset across the globe, however, witlh a 
population of more than a billion in India, only about 1% of totul population 
actively participate in capital market. Low participation in capital markets is 
mainly due to a low level of awareness and prejudice in investment choices. Errors 
and biases which are based on intuitions, sensation and cognitive biases impelled 
the investors to take irrational decisions. In this context, this study attempts to find 
out the impact of heuristic factors on investment decision and performance. Using 
a stuctured questionnaire, the primary data are collected randomly from 182 
individual investors trading on NSE from Punjab. Descriptive Statistics, Factor 
analysis and Structural Equation Modeling (SEM) are employed for analysing data
and testing hypothesis. Results reveal that the Availability of information'. Overconfidence', Representativeness and "Price anchoring are signilicant predictors of heuristic behaviour and that there is a significant impact of heuristies 
on investors investment decision and performance. The findings of the study 
would be productive for investors and policy makers to have a beuer understanding of bchavioural factors and device strategies which lead to better 
reluns. 

Keywords: Behavioural Finance, Heuristics, Investment Analysis 1. Introduction 

The widely recognized tinance theories such as Modern Portfolio Theory (NIPT), Capiial Asset Pricing Model (CAPM) and Arbitrage Pricing Theory (APT) are the quantitative financial models which are grounded on rational characteristics in investment decision.However, several studies are there which are not supporting trauditional theories (Fan:a and French, 1998). The limitations in raditional theories have lead tu behavioural finunee theory. Jt is evident that investment appraisal and selection are not always bascd on rationality (Kisliore, 2004). But imost of the decsions are based on tlhe intuitious, emotions 
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Abstract 
Business and related activities are the backbone of economic development of any country. 

For the strong development of any country, it is necessary that the citizens of that country 
continue to contribute to the business activities of the country on a speedy basis. And women 

and men should have equal contribution in this contribution of citizens, but it is generally 
found that women are not able to participate so enthusiastically in business activities and 

related activities because entrepreneurship is a dificult task, especially when it Be especially 
concerned with tribal population and tribal women. During this study, we have assessed the 

co-ordination ability of tribal women entrepreneurs in this contribution in terms of 

educational qualifications. 

Keywords: Tribal women, Entrepreneur, Economic Market, Economic Intellect & 

Education. 

Introduction 
Women are part and parcel of a family. In fact, they are the center of a family that in turn 
makes a strong society and nation. Women entrepreneurs make significant contributions to 

economic growth and poverty reduction. 

Generally it has been experienced that, is not encouraging the significant participation of 
women in the economic entrepreneurship environment, and face them more problems. But for 

tribal women, these problems become more complicated. 
This paper is a conceptual paper. It indicates the immense potential in that today's tribal 

women have as entrepreneurs and how they can solve the existing challenge about 
infrastructure, technological or economic market environment as per her economical sense / 

intellect and education level. 

During this study, as per education point of view, we have divided tribal women 

entrepreneurs into two parts: 

. Poorly educated: Whose education was limited to school. 
2. Highly educated: Whose have completed their school education and then also got 

higher education (Such as specific vocational courses/Diploma/Graduation/Post- 

Graduation). 

study, have divided the tribal women entrepreneurs skill During this 
efficiency/performance about dealing with the economic problems of the market, challenges 
of the infrastructure & economic environment, into the following three categories: 

we 
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ABSTRACT 

It is generally seen that in Indian society, women are either worshiped as goddesses or they are 

used as servants. But there is an acute shortage of people who view women as co-associale or co- 

partners and support them as normal human beings. The lack of this approach is further felt more, when 

those women have been considered socially backward, and those women have the responSibiity of 

double operationalization of family and economic activities. In these circumstances, those women need 

more family cooperation and support in different dimensions. And in general it has al/so been seen that 

the role of women in the family is judged from different perspectives in urban and rural areas. In the study 

presented, we have reviewed the support of tribal entrepreneurial women from their families in diferent 

dimensions in the context of urban and rural areas. 

Keywords: Tnbal Entrepreneurial Women, Tribes, Family Cooperation and Support, Business Management 

Introduction 

It has been seen in the male dominated society of India that every instruments, tools and 

resource is always started through the female goddess from the ancient Indian civilization. For example, 

if you wants to attain knowledge, Saraswati Devi; If you want to get wealth, Lakshmi Devi; If you want to 

achieve power, Durga Devi; And if you want to kill the wicked then Kali Devi. But, it is generally seen that 

in Indian society, women are either worshiped as goddesses or they are used as servants. But there is 

an acute shortage of people who view women as co-assOciate or co-partners and support them as 

normal human beings. The lack of this approach is further felt more, when those women have been 

considered socially backward, and those women have the responsibility of double operationalization of 

family and economic activities. In these circumstances, those women need more family cooperation and 
support in different dimensions. And in general it has also been seen that the role of women in the family 

is judged from different perspectives in urban and rural areas. In the study presented, we have reviewed 
the support of tribal entrepreneurial women from their families in different dimensions in the context of 

urban and rural areas. 

Central and State Governments of India are designed and implemented various schemes and 
training programs, from time to time to make tribal entrepreneur women professionally competent and to 
establish and develop as a competent entrepreneur. But all these schemes and training programs can 

achieve their set objectives only when those women continue to get government support as well as family 

support. 
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ABSTRACT 

It is generally seen that in Indian society, women are either worshiped as goddesses or they are used as 

servants. But there is an acute shortage of people in the society who continue to support women equally 
without any gender discrimination. In such a situation, she wants that at least she gets support from her 

family without any discrimination. In this study, we have reviewed the impact of this gender discrimination 

on the family support found in various dimensions in entrepreneurship activities in tribal families of 

Bilaspur district. 

Keywords: - Tribal Family, Bilaspur District, Tribes, Family Cooperation and Support, Gender 
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1. Introduction

Even though manufacturing has contributed significantly to common progress, it has negative environmental and 

social impacts such as unlimited misuse of non-renewable resources, limited use of renewable resources, 

contamination of soil and water, discharge of greenhouse gases, etc. [1]. As a consequence, different stakeholders such 

as customers, governments, and environmental pressure groups are forcing manufacturing companies in various 

industries to actively consider the sustainability impacts related to their activities. Manufacturing performance metrics 

are shifting from economic-centric performance measures to the other components of the sustainability i.e., 

environmental and social [2][3]. Now a days sustainability figures in the agenda of many companies in the 

manufacturing industry. Despite this thrust, research on how sustainability issues are to be considered in the 

formulation of MS by the company is lacking.

* Corresponding author. Tel.: +91 022 25767738; 

E-mail address: adil@iitb.ac.in

17th Global Conference on Sustainable Manufacturing

Exploring Sustainability Implications for Manufacturing Strategy 

Decision Areas-A New Model with a Case Study
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Abstract

There is a growing need for the firms to factor the sustainability concerns in developing their manufacturing strategy (MS). MS 

content comprises of competitive priorities and decision areas (DAs) of manufacturing and MS process generally revolves around 

two approaches to strategic reconciliation: an inside-out approach (resource based) and the outside-in approach (stakeholder 

requirements). There is only a handful of models in MS incorporating sustainability concerns. Few models that consider 

sustainability do not factor the resource-based view. This paper proposes a new model to include both resources-based view and 

stakeholder requirements of strategic reconciliation in MS while incorporating sustainability. A case study is conducted to validate 

the relationships depicted in the proposed MS model and also to derive insights on sustainability implications of MS DAs. 
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ABSTRACT 

GMAW is extensively used due to its advantages such as production efficiency, less heat effective zone and 

environment friendliness. GMAW (Gas Metal Arc Welding) is used to join different types of ferrous metals and non-

ferrous metals that cannot be welded by non-traditional welding processes. In this study, various important welding 

process parameters such as welding current, welding voltage, electrode diameter are used. Taguchi technique is 

applied to plan the experiments. Welding current ranges between 148-260 amp, welding voltage ranges between 18-28 

volt and electrode diameter of 1mm & 1.2 mm is used in present study to grace experiments. The experimental results 

are analyzed to determine the impact of variation of arc voltage, arc current and electrode diameter on metal 

deposition rate for Mild Steel Plate Grade IS2062E350. The result shows that at low voltage and high current, metal 

deposition rate increases, however, when the voltage increases for the same current level, the metal deposition rate 

decreases. The study disclosed the significant impact of welding current on welding time.. 

KEYWORDS: Gas Metal arc welding (GMAW), Mild Steel Plate Grade IS2062E350, ANOVA (Analysis of Variance), 

Welding current, arc voltage, welding speed 

 

1.INTRODUCTION 

From past few decades, GMAW has widely gained importance for joining diverse metals in many manufacturing 

processes due to its higher productivity and weld quality. GMAW welding evidence is honoured from the society of 

welding engineers at global standard due to its unique characteristics for establishing the high quality of weld 

between two work parts. The authors found many research documents inclination towards determining the optimum 

trade-off level amongst multiple welding parameters i.e., current, electrode diameter, current type, plate 

dimension, metal deposition rate, voltage. Gas Metal Arc Welding (GMAW) process utilizes various input process 

parameters, which solely affects the weld ability or in other terms cost of weldment, weld bead size, penetration and 

shape, etc. Lots of research work has been done to reflect the effect of GMAW variables on different materials. 

Ghazvinloo et al. [1] investigated the impact of processing variables i.e. arc voltage, welding current and welding 

speed on fatigue life, impact energy and bead penetration of AA6061 joints, which are prepared by MIG robotic 

welding process. Ibrahim et al. [2] used robotic GMAW on 6 mm thickness mild steel plate and investigated the 

effects of different parameters like arc voltage, welding current and welding speed on welding penetration, 

microstructural and hardness measurement. Karadeniz et al. [3] used cobalt coated steel SAE 1020 electrode and 

analyzed the influence of welding pulse parameters on the microstructure of the deposit.  
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An Investigation Tool for Mounting 
Sustainable Practice:
Modeling Using GIVTFNs in an Indian Context
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ABSTRACT

Smartmobiledevicesofthepresenteraoffermanyservicesi.e.SMS,gaming,acamera,navigation,
theInternet,television,etc.,andtheirutilizationhassignificantlyrisenduringthelastdecades.Today,
individualsareaddictedtomobilesandcannotthinkoflivingwithoutusingthem.Conversely,these
mobilesbecomeobsoleteduetocertainshortcomingsandareeventuallyreplacedwithnewones
andthuscreatee-waste,whicharealarmedasthreattothesociety.Inthiswork,theauthorsdescribe
mobilesande-waste inaclosedloopstructureforsupportinggreenissues.Theworkhasrooted
generalizedinterval-valuedtrapezoidalfuzzynumbers(GIVTFNs)withadegreeofsimilaritymeasure
approachtomodeltherationaleandtofurnishdecisionresults.Theauthorsdevelopedadecision
supportsystemtoprevente-wastebydefiningsignificantinadequacyliableforthelargeralteration
ofworkingmobiles.ThepresentstudydemonstratesthetechnicalmodelunderanIndiancontextto
verifyitsapplicability,butitcanbeuseditunderanyregionalorworldwidescenario.

KeywoRDS
Critical Thinking, Decision Making, Evaluation, E-Waste, Generalized Interval-Valued Trapezoidal Fuzzy 
Numbers (GIVTFNs), Mobiles

1. INTRoDUCTIoN

Nowadays, the legislations are strictly monitoring the business actions of the companies and
interestedlysettingobligatoryrulestothem,takingintoaccountgreenaspectsasachiefconcern
andthuscompaniescannotdisregardecologicalissuesforperformingbusinessintoday’sscenario.
Approximately;aroundtheworld,thegovernmentsarecreatingawarenessprogramstoarouseinterest
amongthepublicinprotectingtheenvironmentandontheothersideinterestedlydraftingstrictrules
forenvironmentalperformance,whichhavetobefollowedbythebusinesscompaniestoperform
business.Nowadays,businesscompaniesareexperiencingpressureforrespectingecologicalissues,
utilizationofeco-friendlyresourcesalongwithrival’scompetition.Governmentsarehuntingtheareas
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Abstract

Purpose – The purpose of this study is to identify the barriers to the adoption of blockchain technology in
green supply chain management (GSCM) and further analyze the cause and effect relationship to prioritize the
barriers for making strategic decisions.

Design/methodology/approach – The study examines 15 potential barriers related to the adoption
of blockchain in GSCM which is identified from the literature review and finalized after subsequent
discussions with industry professionals. Integrated Fuzzy-Decision-Making Trial and Evaluation
Laboratory approach is used to analyze cause and effect relationships and prioritize the barriers. Fuzzy
set theory is used to handle the uncertainty and vagueness associated with the personnel biases and
data deficiency problems. Three small to medium enterprises’ (SMEs’) are considered for gathering data
and further analyzing the crucial barriers that are impeding the adoption of blockchain technology in
GSCM.

Findings – The findings reveal that “lack of management vision” and “cultural differences among
supply chain partners” are the most influencing barriers, whereas; “collaboration challenges” and
“hesitation and workforce obsolescence” are the most influential barriers in the adoption of blockchain
in GSCM.

Research limitations/implications – The study is developed based on 15 selected barriers which were
further tested using data from three SMEs’ in the emerging economy of India. The adoption of blockchain
technology in GSCM is at a nascent stage and more research studies are necessary to extend the knowledge
base.

Practical implications – Managers need to eliminate the barriers and extend the blockchain technology
application in GSCM. Managers need to develop the mission and vision of the company by doing proper
alignment of blockchain technology with GSCM goals. Second, managers need to make strong collaborations
and remove the hesitation and workforce obsolescence barrier by providing the right education and pieces of
training.
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Abstract

Purpose – Advanced manufacturing machines (AMMs) are searched as a momentous asset across the
manufacturing societies for quenching and addressing the production units under economical circumstances,
i.e. production of high-quality of goods under feasible cost. AMMs are significant in holding the managers
against their rivals and competitors with high profit margins. The authors developed the decision support
mechanism/portfolio (DSM-P) consist of knowledge-based cluster approach with a dynamic model. The
purpose of research work is to measure overall economic worth of AMMs under objective and grey-imperfect
(mixed) data by exploring the proposed DSM-P.

Design/methodology/approach – The authors developed the DSM-P that consist of knowledge-based
cluster, three multi-criteria decision-making (MCDM) techniques-1-2-3 with complementary grey relational
analysis-4(GRA), approach with a dynamic model (complied by technical plus cost and agility measures of
AMMs). The proposed DSM-P enables the manager to map the overall economic worth of candidate AMMs
under objective and grey-mixed data.

Findings –The presented DSM-P assist the managers for handling the selection problem of AMMs, i.e. CNCs,
robots, automatic-guided vehicle, etc undermixed (objective cumgrey) data. To enable the readers for intensely
understand the work, the utility of proposed approach is displayed by illustrating a polar robot evaluation and
selection problem. It is ascertained that the robot candidate-11 alternative is fulfilling the entire technical cum
cost and agility measures.

Originality/value –TheDSM-P providesmore precise and reliable outcomes due to a usage of the dominance
theory. Under the dominance theory, the ranks are obtained by MCDM techniques-1-2-3 are compared with
ranks gathered by the GRA-4 under objective cum grey data, formed the novelties in presented research work.
From a future perspective, the grey-based models in DSM-P can be built/extended/constructed more extensive
and can be simulated by the same approach.

Keywords Grey information, Advanced manufacturing machines (AMMs), Robot, Objective information,

Knowledge-based cluster approach, Economic worth assessment, Industrial management

Paper type Research paper
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Industry 4.0 is an evolutionary topic, which integrates the business with several production architectures 

e.g. big data analytics, autonomous networks of electronic devices, simulation, horizontal and vertical 

integration, the industrial internet of things, cyber security, cloud computing, additive manufacturing, 

virtual reality, etc. The present research aim is to quantify the research trends and contributions of 

industry 4.0’s business architectures from years 2014-2018. The research responds to the literature 

review of current leading academic journals and conference proceedings, specific to IIoT-BRs such 

as I4-Business Growth (BG), I4-Business Optimization (BO), I4-Operational Excellence (OE), I4-

Enterprise Resource Planning (ERP), I4-Manufacturing Executive system (MES), I4-Process Control 

Network (PNC), I4-Functional Excellence (FE), I4-Business Strategy, (BS), I4-Human Resource 

Management (HRM), I4-Integration (I). The authors utilize an open (Google) internet-based research 

search engine (OIBRSE) as a conduit to acquire the digital object identifiers and universal resource 

locators if the DOI non-exists with research articles. The research work archives the one hundred 

sixty-five research articles, gleaned by conducting the literature review upon IIoT-BRs. The research 

results that research trends and contributions of I4-(BO) and I4-(BG) are strong. However, I4-(BO) 

and I4-(BG) are slightly prose than I4-(MES) and I4-Network (PNC). The research growth is a weak 

residue of the industry 4.0’s (IIoT-BRs). The research stores the authentic evidence to supervise the 

researchers for current research gaps and motivates them to extend their glance to weak IIoT-BRs. 

The research work aids the new researchers of industry 4.0 to learn and optimize their knowledge in 

empire of industry 4.0 too.
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Abstract

Purpose – Today, industrial revolutions demands advanced technologies, means, mediums, tactics and
so forth for optimizing their operating behavior and opportunities. It is probed that the effectual results
can be seized into system by not only developing advance means and technologies, but also capably
adapting these developed technologies, their user interface and their utilization at optimum levels.
Today, industrial resources need perfect synchronization and optimization for getting elevated results.
Accordingly, present study is furnished with the purpose to expose quality-driven insights to march
toward excellence by optimizing existing resources by the industrial organizations. The present study
evaluates quality attributes of mechanical machineries for seizing performance opportunities and
maintaining competitiveness via synchronizing and reconfiguring firm’s resources under quality
management system.
Design/methodology/approach – In the present study, Kano’s integrated approach is implemented for
supporting decision rational concerning industrial assets. The integrative Kano–analytic hierarchy process
(AHP) approach is used to reflect the relative importance of quality attributes. Kano and AHP tactics are
integrated to define global relative weight and their computational medium is adapted along with ratio
analysis, reference point theory and TOPSIS technique for understanding robust decision. The study
described an interesting idea for underpinning quality attributes for benchmarking system substitutes.
Amachine tool selection case is discussed to disclose the significant aspect of decision-making and its virtual
qualities.
Findings – The decision executives can realize massive benefits by streaming quality data, advanced
information, technological advancements, optimum analysis and by identifying quality measures and
disruptions for gaining performance deeds. The study determined quality measures for benchmarking
machine tool substitute for industrial applications.Momentousmachine alternatives are evaluated bymeans of
technical structure, dominance theory and comparative analysis for supporting decision-making of industrial
assets based on optimization and synchronization.
Research limitations/implications – The study linked financial, managerial and production resources
under sole platform to present a technical structure that may assist in improving the performance of the
manufacturing firms. The study provides a decision support mechanism to assist in reviewing the momentous
resources to imitate a higher level of productive strength toward the manufacturing firms. The study
endeavors its importance toward optimizing resources, which is an evident requirement in industries as the
same not only saves money, escalates production, improves profit margins and so forth, but also gratifies the
consumption of scarce natural resources.
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a b s t r a c t

Generally the external load applied to engineering components is significantly below the yield strength.

Yet, the materials fail without showing any visible indication. Furthermore, the fatigue crack growth

behavior should be observed microscopically. Thus, the microstructural study of fatigue crack growth

becomes important. The microstructural study of fatigue crack growth in metals does not only

demonstrate the effect of microstructural properties (grain size, grain boundary thickness, etc.) on the

mechanical response of the system but also informs about a microstructural modification to resist fatigue

crack growth so that fatigue life of the component can be enhanced. In the present work, fatigue crack

growth simulations are performed on compact tension (CT) specimen. The microstructure region is gen-

erated near the crack tip using the Voronoi tessellation approach. Further, an in-house MATLAB code

based on the finite element method and continuum damage mechanics (CDM) is implemented to perform

the numerical analysis. Damage based analysis is done on the microstructure meshing system to visualize

the effect of microstructural quantities (average grain size, grain boundary thickness) and material con-

stant on the fatigue crack growth in this work. Here, the obtained result shows good agreement with the

experimental result and the effect of microstructural quantities on the crack initiation life is observed.

! 2021 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of Material TECH 2021.

1. Introduction

In the field of engineering different modes of failure exist, which

occurs either in simple way or due to combined effect of load and

environmental condition. It is evaluated that about 90% of all

service failures occur due to fatigue failure. The term ‘‘fatigue”

was first used to describe the failures in the 1840s [1] and the term

‘‘fatigue” is taken from human reaction due to repetitive work. The

problem of metal fatigue is present since many years but the

remarkable growth in computational analysis of fatigue fracture

helps to interpret the fatigue crack initiation, growth, and its

behaviour more effectively. Under the effect of fatigue loading,

the material fails below the yield stress and this can be analysed

by its microstructural aspects [2]. A microstructural study of

fatigue crack growth facilitates the relative roles of intrinsic and

extrinsic attributes of microstructure in the crack growth

phenomenon [3-5]. The microstructural analysis can predict

fatigue life more quantitatively. The microstructural study of

fatigue crack growth in metal provides explicit information about

crack initiation, growth and behavior which predicts fatigue life

of mechanical components. The most common method used to

model microstructure are Voronoi tessellation method and the

image processing technique [6-8] and the most preferable

microstructure approach for theoretical analysis/simulation is the

Voronoi tessellation approach [4,9]. It is observed the continuum

damage mechanics based methodology is better for fatigue frac-

ture analysis because there is no need to assume a certain crack

length initially [10-12]. A novel damage constitutive model was

employed to calculate the damage accumulation by considering

the effect of stress triaxiality [13,14]. In previous research, the

effect of microstructural parameters (average grain size, grain

boundary thickness, etc.) was not considered for fatigue crack

growth analysis, only the effect of geometric and loading

conditions was considered [15,16].

In this paper, the effect of microstructural parameters

(average grain size and grain boundary thickness) and material

constant are presented on fatigue crack growth and the crack

initiation life. The fatigue life cycle is estimated in compact ten-

sion specimen.

https://doi.org/10.1016/j.matpr.2021.02.449
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Abstract

In the absence of effective drying techniques, a lot of food gets wasted as there is a lack of post-harvest processes. In India, most

of the agricultural produces like paddy, maize, wheat, corn, oil seeds, pulses, chillies, etc. require a temperature range of 50–80 °C

for effective drying. Hence, in these conditions, solar drying techniques seem to be the most economical; also, it is safe and

eco-friendly. Various types of solar dryers are used across India and worldwide; these are direct solar dryer, green house dryer

and indirect solar dryer. Nowadays, indirect type solar dryers are most commonly used because of their several advantages over

direct solar dryers. In case of indirect type solar dryers, the products to be dried are kept inside a separate compartment known as

drying chamber. Hot air is obtained from the solar collectors either by direct heating method or by using a secondary heating

medium and then supplied to the drying chamber for heating of the products. This paper presents a detailed review of various

innovative designs of indirect type solar dryers and compares the performance of different types of dryer configuration in terms of

collector efficiency, dryer efficiency, drying time andmaximum air temperature. Also, the effects of various operating parameters

on the thermal performance of such dryers have been discussed.

Keywords Solar drying . Indirect solar drying . Drying techniques . Agriculture product drying

Introduction

The quest for developing efficient methods to harness the

maximum potential of renewable energy sources is the need

of the hour. Decades ago, the drawbacks and shortcomings of

non-renewable energy sources have been identified and ac-

knowledged worldwide, and since then researchers across

the world are looking for potential alternates. Among the sev-

eral options available, solar energy has been recognized as the

best alternate energy source due to several advantageous rea-

sons, such as it is clean, cheap and available in abundance

without any environmental impacts. Solar energy is now be-

ing used in various applications that can be divided into two

major groups according to the method of energy collection

and its use; those are (i) solar thermal energy where solar

radiation energy is collected in the form of heat using collec-

tors, and later on it is used for several applications such as

water heating, space heating, cooling and ventilation, cooking,

process heat, water treatment, etc. and (ii) solar electricity

generation where solar energy is directly converted into elec-

tricity by means of a photovoltaic cell. One of the many ap-

plications of former group where solar thermal energy is used

as a heat source is drying of various agriculture and industrial

products.

Sun drying is still the most common method being used to

preserve and store the agricultural products in many countries

around the world. As adequate food preservation methods are

not available, farmers have to spread their products to be dried

in thin layers on open grounds or on mats where they are

exposed to sun and wind. Mahesh et al. (2012) reported that

significant losses may occur during natural sun drying be-

cause of various influences, such as rodents, birds, insects,

rain, storms and microorganisms. The quality of the dried

products by the open sun drying may also be degraded
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a b s t r a c t

Strength always remains the prime requirement of any produced products, which normally explicate the

capability of the products to sustain stress into it. Ultimate tensile strength is principally used to clarify

the maximum values of stress, which can be resist by any product or material entity before breaking.

Accordingly, study is conducted to verify the methodological way of determining the predictive values

of ultimate tensile strength in welded joint. Response surface methodology is used in present study to

grace decision results. In present study, the Metal Inert Gas (MIG) welding process is experimentally per-

formed in mild steel plate specimens by considering three distinguish values of welding current, voltage

and plate thickness. The objective of the study is to enroll the predictive equation to assists in deriving

the elevated values of ultimate strength of the welded joint. The primary objective of present study is

to demonstrate the utilization of competent structure of Response surface methodology under the

dimensional arena of welding process. Here, the authors devised equation, which competently possess

caliber to define the predicted values of ultimate tensile strength for the precise values of process param-

eter. The same assist in precisely understanding the behavior of ultimate tensile strength (dependent

variable) under the influence of independent variables i.e. welding current, voltage and plate thickness.

Response surface methodology is used and experiments based on Box-Behnken Design are performed in

present study. The work is supported by MINITAB software for generating graphs and originating driving

equation between response and process parameters. The predictive values are determined based on mul-

tiple regression equation and compared with actual experimental values to demonstrate capability and

applicability.

! 2021 Elsevier Ltd. All rights reserved.

Selection and peer-review under responsibility of the scientific committee of Material TECH 2021.

1. Introduction

The strength is always considered as a major parameter for

highlighting the quality of the material or product. In present

study, the authors worked in the direction of appraising ultimate

tensile strength by devising the predictive modeling equations

using RSM. RSM is normally a predictive modeling technique that

can be used for formulating the response equation [1]. Here, the

authors considered welding current, voltage and plate thickness

as independent parameters and the ultimate tensile strength as a

dependent parameter for generating response equations. It is

found that Pai et al. [2] optimize the machining parameters and

investigated the effects of these parameters on surface roughness

in grinding 6061Al-SiC25P (MMCs) specimen by RSM. Aggarwal

et al. [3] utilized RSM to investigate the effects of cutting speed,

feed rate, depth of cut, nose radius and cutting environment in

CNC turning of AISI P-20 tool steel. Philip et al. [4] used RSM to

study the effects of the machining parameters such as spindle

speed, feed rate & depth of cut on surface roughness of duplex

stainless steel in end milling operation. Sahin and Motorcu [5] used

RSM in turning of mild steel using coated carbide tools. They devel-

oped model using cutting speed, feed rate and depth of cut as input

parameters. Arbizu and Perez [6] developed RSM models to deter-

mine surface quality of parts obtained through turning processes.

Ozel and Karpat [7] utilized neural network modeling to predict

surface roughness and tool wear of flank for varieties of cutting

conditions in turning process. They developed Regression models
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Abstract

Purpose

In the presented research work, the authors fabricated the

multiple MS plate (Grade: IS 2062) specimens and applied a novel

integrated computational TR F R  approach with grey relational

analysis (GRA) toward solving weld bead optimization problem in

MIG welding procedure. The objective of research is to determine

the optimum setting between MIG welding input process

parameters, e.g. welding current, open circuit voltage and

thickness of plate in attaining high tensile strength with weld bead

geometry quality characteristics, e.g. bead width, reinforcement,

penetration and dilution in investigating de�ne MS specimens.

Design/methodology/approach

The Taguchi's L  orthogonal array (OA) design is respected to

conduct the experiments on MS plate specimens to attain output

objectives. Later, the evaluated multiple output objectives are

transformed into single response by applying a novel integrated

computational TR F R  approach with GRA. Thereafter, the outset

of signal-to-noise ratio (S/N ratio) accompanied by ANOVA

(Analysis of variance) is explored to optimize objective function.

Findings

The computed results are con�rmed by conducting the

experiments on same identical specimens. The outcome of the

con�rmation tests yielded an improvement of 0.24454, 0.372486,

0.686635 and 0.4106846 in grey relational grade (GRG), overall

ratio index, reference grade and full multiplicative index,

respectively, after validating the results.
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Abstract

Purpose – Circular economy denotes future sustainability that allows optimum utilization of resources. In the
present era of technology, plenty of innovations are happening across the world, and digital manufacturing is
one of such innovations. However, there are several barriers which are impeding adoption of digital
manufacturing in circular economy environment. The study explores the barriers of digital manufacturing
initiatives in a circular economy and develops a methodological model to prioritize the identified challenges for
automotive parts manufacturing industry.

Design/methodology/approach – Seven categories of challenges namely process, human resources,
financial, collaboration, technological, security and leadership challenges were identified from literature and
further validated with subsequent discussions with experts from the industry. The study is conducted in two
phases, where in the first phase, the Decision-Making Trial and Evaluation Laboratory (DEMATEL) technique
is used to define the priority and importance of seven categories of challenges. In second phase, the barriers are
ranked using a Fuzzy Performance Important Index (FPII), taking into account contextual factors associated
with the challenges and linked barriers, to determine the extent to which they impede the adoption of digital
manufacturing in the sample automotive parts manufacturing company.

Findings – The “risk of data security and information privacy in connection with use of external data and
protecting customer data” appeared as the most significant barrier to digital manufacturing in circular
economy. Furthermore, technological challenges emerged as the most significant category of challenges
followed by financial challenges in adoption of digital manufacturing in circular economy.

Practical implications – Identification of the identified barriers and understanding the interrelationships
will lead to easier adoption of digital manufacturing in circular economy.

Originality/value – Despite all the potential benefits of implementing Industry 4.0 technologies in
manufacturing industries, the adoption thereof is still in nascent phase with significant challenges yet to be
overcome to accelerate the pace of adoption. Hence, this study explores the barriers preventing companies from
adopting and benefiting from digital manufacturing initiatives and further develops a methodological model.
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Originality/value – Despite all the potential benefits of implementing Industry 4.0 technologies in
manufacturing industries, the adoption thereof is still in nascent phase with significant challenges yet to be
overcome to accelerate the pace of adoption. Hence, this study explores the barriers preventing companies from
adopting and benefiting from digital manufacturing initiatives and further develops a methodological model.

Keywords Circular economy, Industry 4.0, Digital manufacturing, DEMATEL, Sustainability
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Abstract

Purpose – This paper develops a contingency based model to understand how green technologies and green
manufacturing performance measures evolve with the green manufacturing maturity levels of the firms.
Design/methodology/approach – A conceptual research model is developed by synthesizing extant
literature. An illustrative case study of a paint manufacturing company is conducted, analyzing its five key
green initiatives, which it has undertaken to demonstrate the research model. The primary means of data
collection was interviews and document analysis.
Findings – It was observed that for all the five green initiatives, the choice of green technologies and the use of
greenmanufacturing performancemeasures corroborate with the proposed researchmodel. Further, the initial
green manufacturing effort was motivated to comply with regulations, which subsequently shifted to gain
strategic advantage, such as cost reduction and visibility.
Research limitations/implications – The proposed model was applied only to an Indian paint
manufacturing company with their five key green initiatives, which potentially limits the generalizability of
the findings to other industries and/or geographies.
Practical implications – The findings would aid practitioners in understanding both selection of green
technology and the use of green manufacturing performance measures, based on a firm’s maturity stage.
Originality/value – This study conducts a much-needed research on the evolution of green technology
alternatives and green manufacturing performance measures for firms according to the four-stage maturity
model derived from the natural resourced-based view.

Keywords Green manufacturing maturity stage, Green technology, Green manufacturing performance

measures, Research model, Natural resource-based view of the firm

Paper type Research paper

1. Introduction
Manufacturing has been playing a pivotal role in generating employment and improving
national economies ever since the industrial revolution (Islam and Karim, 2011; Duflou et al.,
2012; Shukla and Adil, 2021). This trend is likely to continue due to an increased demand of
goods by the world’s ever-growing population (Eastwood and Haapala, 2015; Ghadimi et al.,
2020). Nonetheless, advancements in themanufacturing sector have had its adverse effects on
our planet in the form of global warming, resource depletion and local waste disposal and
related catastrophes (Sangwan, 2011; Famiyeh et al., 2018). More than mining, oil and gas,
agriculture or other such activities, manufacturing has been accountable for over 50% of
solidwaste produced all over theworld (Hill and Symmonds, 2011). Moreover, manufacturing
companies are responsible for 20.2% of water removal from land (Gavronski et al., 2012;
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a b s t r a c t 

Maturity models describe a process or an activity’s characteristics at different stages, which generally 

evolve from an initial stage to a more advanced stage. Notably, most maturity models in green man- 

ufacturing (GM) do not clearly define and characterize the maturity stages, and are also not empirically 

validated. Therefore, this study considers four discrete maturity stages of GM, viz., I. compliance driven; II. 

eco-opportunist; III. green innovator and IV. green manufacturing evangelist, based on drivers for proac- 

tiveness towards greenness. It defines a construct “green manufacturing orientation” and develops a ma- 

turity stage model for green manufacturing orientation following a two-stage methodology. In the first 

stage, a conceptual model is developed by analyzing extant literature which fills an important research 

gap in literature. In the second stage, a case study is used to illustrate the application of this proposed 

conceptual model through eight key green initiatives that have been carried out. It was observed that 

the case firm, over a period of time moved to a higher level of GM maturity. Moreover, there was also a 

progressive trend in the firm’s GM orientation. However, a uniform enhancement of GM orientation was 

not witnessed in the case. 

© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 

1. Introduction 

Manufacturing is an important sector in the world economy. 

The sector largely produces goods, and supports several indus- 

trial segments, such as retail, construction, transportation and util- 

ities. However, manufacturing firms have been causing significant 

harm to the natural environment throughout different phases of 

their transformational journey that comprise the manufacturing 

cycle for goods (Chuang and Yung, 2014 ; Mangla et al., 2015 ). 

These in turn are associated with the extraction of raw materi- 

als, use of water and energy, air emissions in the manufacturing 

processes, cargo transportation, as well as various environmental 

impacts generated during the use of products vis a vis their ran- 

dom disposal by consumers ( Govindan et al., 2014 ). A growing 

awareness of the threats associated with the deterioration of the 

natural environment has developed an added interest in tracking 

the negative consequences of manufacturing ( Claver et al., 2007 ; 

Ormazabal et al., 2016 ; Yin et al., 2020 ). As a solution towards this 

problem, Green Manufacturing (GM) was introduced; it strives for 

renewing production processes, while establishing environment- 
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E-mail addresses: ganeshshukla@iitb.ac.in , ganeshshukla2006@gmail.com (G.P. 

Shukla), adil@iitb.ac.in (G.K. Adil). 

friendly operations within the manufacturing field ( Baah et al., 

2020 ). Manufacturing firms have been trying to implement GM ac- 

tions at a more fundamental level in order to comply with various 

environmental regulations ( Bansal and Roth, 20 0 0 ; Claver et al., 

2007 ; Tsai et al., 2013 ). Additionally, businesses that are self- 

motivated to be socially responsible do tend to consider GM on 

their own, based on their respective awareness of environmental 

deterioration that has been triggered by their predecessors and/or 

their past activities ( Angell and Klassen, 1999 ; Claver et al., 2007 ; 

Jabbour et al., 2014 ). In recent times, customers have been de- 

manding products and services that minimize environmental im- 

pact ( Abarca, 2001; Bastas and Liyanage, 2019; Fernando and Wah, 

2017; Jabbour et al., 2014 ). Such pressures from different stake- 

holders have had great influence on a firm’s environmental ori- 

entation ( Kolk and Mauser, 2002 ; Gonzalez-Benito and Gonzalez- 

Benito, 2006 ; Bremmers et al., 2007 ; Jabbour, 2010 ; Sellitto et al., 

2020 ). Extant literature has enumerated a range of possible posi- 

tions that a firm can take against stakeholders’ pressures as regards 

environmental issues, extending from the most reactive (or even 

unresponsive) to the most proactive stances, thereby giving rise to 

the notion of evolutionary maturity stage models (see for instance, 

Kolk and Mauser, 2002 ; Azzone and Noci, 1998 ; Jeswani et al., 

2008 ; Jabbour et al., 2014 ; Ormazabal et al., 2016 ; Potrich et al., 

2019 ). 

https://doi.org/10.1016/j.spc.2021.01.009 

2352-5509/© 2021 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved. 
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Abstract

Purpose – The researchers maintain that when a firm tackles “green concerns,” there could be several
repercussions for manufacturing strategy decision areas (MS DAs). However, such repercussions are complex
and have not been widely researched. This paper aims to propose a conceptual maturity stage model to study
the configuration of MS DAs.

Design/methodology/approach – Firms exhibit different levels of “green”maturity in their journey and
tend to make different choices in green technologies (GTs), resulting thereby in other compatible choices in
their MS DAs. Extant literature has been synthesized in this light to build a conceptual maturity stage model
in two steps. First, what is the GT that is involved! The second step discusses the possible implications of
such a GT for MS DAs. Further, such information is organized according to a firm’s four maturity stages for
all GTs that may be applicable. A case study has been undertaken to illustrate themodel.

Findings – The results show good potential for the proposed conceptual model to examine the
repercussions of MS DAs in industrial cases, and thereby develop relevant theories on this subject.

Research limitations/implications – The proposed model was applied to a paint manufacturing
company, which potentially limits the findings’ generalizability to other industries and/or geographies.

Practical implications – The proposed conceptual model can help managers assess the maturity stages
of manufacturing to determine suitable adjustments that may be required in configuring MS DAs to improve
their positions.

Originality/value – This is among the very few models to explore the repercussions of green
manufacturing for MSDAs according to the four-stage maturity model.

Keywords Green manufacturing, Case study, Production and operations management, Green technology,

Green manufacturing maturity stage, Manufacturing strategy decision area, Manufacturing strategymodel

Paper type Research paper

1. Introduction
Manufacturing plays a vital role in society’s economic progress. Nonetheless, it also
contributes to serious environmental problems, such as unrestricted consumption of non-
renewable energy, over-exploitation of renewable resources, land and water pollution,
wastes and greenhouse gas (GHG) emission (Lee, 2009; Duflou et al., 2012; Shukla and Adil,
2021a). The scarcity of natural resources, along with the negative environmental effect of
manufacturing and growing concerns of stakeholders for green issues have compelled firms

The authors are grateful to the respondents from the case company for their participation, feedback
and time in helping to facilitate this study. They would like to thank the reviewers for their
comments and suggestions for enhancing the manuscript.
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Impact of Particle Packing Method of Design Mix on
Fracture Behavior of Concrete: Critical Analysis
Subhasis Pradhan1; Shailendra Kumar, Ph.D.2; and Sudhirkumar V. Barai, Ph.D.3

Abstract: This paper discusses the effect of the particle packing method (PPM) of mix design on the fracture behavior of concrete. A three-
point bending (TPB) test was performed on single-edge notched beam for three different sizes. The fracture energy is estimated from the
load (P)–crack mouth opening displacement (CMOD) relationship obtained from the TPB test. By truncating the end of the P–CMOD curve
at different lengths, the sensitivity of fracture energy is analyzed, and eventually it is recommended to be at 2% of the depth of the beam.
The fracture toughness parameters are calculated analytically using a double-K fracture model. The size effect on the fracture energy and
fracture toughness parameters is studied. The PPM mix design provides improved fracture energy and fracture toughness parameters of
concrete with respect to the conventional mix design approach. DOI: 10.1061/(ASCE)MT.1943-5533.0003138. © 2020 American Society
of Civil Engineers.

Introduction

Compressive strength and tensile strength are the accepted criteria
to quantify the quality of concrete. However, these mechanical
parameters of concrete are not the explicit measure of its perfor-
mance in structural elements. This anomaly in performance is
attributed to the variations in size and shape of the structure, stat-
istical size effect on the quantity of microcracks, and interaction
of concrete with the reinforcement. In this aspect, the fracture prop-
erties of concrete provide a better alternative for evaluating the
performance parameters of a concrete structure.

Several experimental investigations have been performed by re-
searchers across the globe to examine the fracture behavior of con-
crete. Hillerborg et al. (1976) propounded the fictitious crack model
to encompass the response of plain concrete. Furthermore, in sub-
sequent years Bažant and Oh (1983) and Lubliner et al. (1989) pro-
posed the crack band model (CBM) and plastic damage model,
respectively, to emulate the fracture behavior of plain concrete.
Basically, in the aforementioned methods the researchers modelled
the softening curve, which is governed by the true fracture energy
(GF) and size effect fracture energy (Gf) of concrete (Lee and
Lopez 2014). Furthermore, Jenq and Shah (1985a, b) proposed
a two-parameter fracture model by applying the modified linear
elastic fracture mechanics concept, and the size-effect model by
Bažant and Kazemi (1990), effective crack model by Karihaloo
and Nallathambi (1989, 1990), and double-K fracture model by
Xu and Reinhardt (1999a, b; 2000) were postulated to emulate
the nonlinear fracture behavior of concrete or cementitious

materials. In the process of complete fracture of concrete, three dis-
tinct stages—crack initiation, stable crack propagation, and unsta-
ble fracture—can be identified. In this context, the double-K
fracture model describes all three important stages seen in the frac-
ture process of concrete (Kumar et al. 2013; Kumar and Barai 2008;
Lee and Lopez 2014).

RILEM TC 50-FMC (1985) recommended the three-point bend-
ing (TPB) test to estimate the fracture energy of concrete, and the
suitability of this method was also confirmed by Hillerborg (1985a).
It is theorized based on the total work-of-fracture principle of single-
edge notched (SEN) beams in a TPB test configuration to evaluate
tensile fracture. The TPB test of a SEN concrete beam specimen is
widely used to assess the fracture energy and fracture parameters.

The fracture energy and critical stress intensity factor (SIF) are
the representation of the fracture behavior of concrete. In addition
to the size and shape of a specimen, these fracture parameters are
also influenced by the type, size, and shape of the aggregate and
mix proportion of the concrete. Bažant and Yu (2011) confirmed
the necessity of a size effect study and recommended testing differ-
ent sized concrete specimens owing to alike cohesive softening law.
The asymptotic extension of the tail of the load (P)–crack mouth
opening displacement (CMOD) curve (Petersson 1981; Planas et al.
1992) affects the true fracture energy (GF) of concrete because of
its dependence on the selection of the end point of the experimental
P–CMOD curve. However, in previous studies, in-depth analysis
on the determination of P–CMOD curve end points for different
sized SEN concrete beams was not carried out.

The preceding discussion on the advances and shortcomings of
the prevailing practices (concrete preparation and testing and analy-
sis of results) necessitates addressing the following points while
estimating the fracture toughness parameters of concrete. The frac-
ture toughness parameters of concrete distinctly depend on its qual-
ity. Voids and microcracks are the obvious controlling factors of
the quality of concrete in addition to the water-to-cement (w/c) ratio
(Wittmann et al. 1987), aggregate shape and size (Elices and Rocco
2008), aggregate content (Amparano et al. 2000), and aggregate
distribution (Siregar et al. 2017). The void content and size can be
minimized by proper packing of aggregates of different sizes and
appropriate compaction of fresh concrete. In this connection, the
particle packing method (PPM) was proposed to minimize the void
content in concrete, and improved mechanical performance was
observed (Pradhan et al. 2017). The improved tensile strength of
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ABSTRACT 
Traffic congestion is caused due to an imbalance of transportation demand and supply. 

Traffic congestion is not only responsible for harming our health but also for not gaining full 
potential in our economic sector. Traffic congestion is an obstacle to the development of any 
country as it creates a huge amount of economic costs, discomfort cost, and alike. In the current 
scenario Indore city also prevails such a condition, some intersections of the city are badly affected 
by traffic congestion which causes potential hazard and delays so traffic congestion study is much 
needed at some potential road intersections. Several parameters like segmental delay, delay ratio, 
and relative delay ratio have been used to effectively measure traffic congestion at some potential 
sections taken for 6 locations. A model developed for segmental delay (Vehicle-second), 
segmental delay (person-second), delay rate, and relative delay Rate. 

KEYWORDS 
  Segmental delay, Delay rate, Relative Ddelay rate, Traffic congestion 

INTRODUCTION 
Transportation contributes to the social, economic, industrial, and cultural development of 

any country. Every product whether it is food, medicine, clothes, industrial items, or other essential 
commodities needs transport facility at all stages to get supply thoroughly throughout the country, 
which in term helps the country to uplift its economy and development hand to hand. 

But in recent years, the usage of transportation facilities has been increased drastically. 
Many of the cities experiencing a huge number of traffic flow which leads to a system break down 
in some cases, in talking about India, considerable numbers of cities facing a huge transportation 
management problem, as a result, the movement of vehicle, speed characteristics have been 
observed not up to the mark. 

Due to incessant increase in population, increase in household incomes and its resultant 
increase in the level of car usage coupled with poor land-use planning, poor transport design and 
planning. In urban areas, the problem of traffic is observed in road intersections for most of the 
cases [5]. Road intersections consist of too many actual and potential conflict points [4]. This is 
because at intersections, vehicular flows from several directions approaches making either left-
turn, through and right-turn movements seek to occupy the same physical space at the same time. 
In addition to these vehicular flows, pedestrians also seek to use this space to cross the street and 
thereby worsening the already bad traffic situation. 

Traffic congestion is the result of the gap between transportation demand and supply [2]. It 
may be said that traffic jam is killing our time only but that will be wrong. Traffic congestion can be 
held responsible not only for harming our health but also for not gaining full potential in our 
economic sector [1]. The transportation system has now become the spider that is sitting in the 
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ABSTRACT The physio-chemical changes in concrete mixes due to different coarse aggregate (natural coarse
aggregate and recycled coarse aggregate (RCA)) and mix design methods (conventional method and Particle Packing
Method (PPM)) are studied using thermogravimetric analysis of the hydrated cement paste. A method is proposed to
estimate the degree of hydration (α) from chemically bound water (WB). The PPM mix designed concrete mixes exhibit
lower α. Recycled aggregate concrete (RAC) mixes exhibit higher and α after 7 d of curing, contrary to that after 28 and
90 d. The chemically bound water at infinite time (WB1) of RAC mixes are lower than the respective conventional
concrete mixes. The lower WB1, Ca(OH)2 bound water, free Ca(OH)2 content and FT-IR analysis substantiate the use of
pozzolanic cement in the parent concrete of RCA. The compressive strength of concrete and α cannot be correlated for
concrete mixes with different aggregate type and mix design method as the present study confirms that the degree of
hydration is not the only parameter which governs the macro-mechanical properties of concrete. In this regard, further
study on the influence of interfacial transition zone, voids content and aggregate quality on macro-mechanical properties
of concrete is needed.

KEYWORDS recycled aggregate concrete, Particle Packing Method, thermogravimetric analysis, chemically bound water,
degree of hydration, Fourier transform infrared spectroscopy

1 Introduction
Concrete is the second most-consumed material in the
world and aggregates occupy about 70%–80% of its total
volume. This causes the rapid exhaustion of non-renew-
able natural resources. The construction activities also
produce construction and demolition (C&D) waste in
abundance. The bulk amount of C&D waste is waste
concrete. The waste concrete is considered as a source to
recycle and extract qualified aggregates, which can be used
as a new raw material for concrete production. However,
the earlier investigations [1–5] substantiated the influence
of inferior quality of recycled coarse aggregate (RCA) on
the macro-mechanical properties of recycled aggregate
concrete (RAC). Hence, it is required to study the influence
of micro-level characteristics on the macro-level perfor-
mance. The present paper discusses the effect of RCA on

the degree of hydration of cement in RAC and its
relationship with the mechanical properties of the prepared
concrete.
The four major compounds present in ordinary Portland

cement (OPC) are tricalcium silicate (C3S), dicalcium
silicate (C2S), tricalcium aluminate (C3A), and tetracal-
cium aluminoferrite (C4AF). The hydration products of
these compounds are the bridging units between the
aggregates, as well as the strength contributors. The
chemical compounds formed as a result of hydration
reactions in concrete at the microstructure level can be
examined by thermogravimetric analysis (TGA). The TGA
technique measures the mass loss due to the decomposition
of hydration products, such as ettringite, calcium silicate
hydrate (CSH), calcium hydroxide (CH) and carbonated
calcium hydroxide. The measured mass loss is due to the
decomposition of chemically bound water (WB) present in
the hydration products. The extent of hydration can beArticle history: Received Apr 11, 2019; Accepted Aug 23, 2019

Front. Struct. Civ. Eng.
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Abstract

The brick, stone, and construction industries produces huge quantities of non-

biodegradable waste materials and incorporation of such waste materials in

concrete eventually leads to the green and sustainable construction. The pre-

sent paper study the effect of partial substitution of brick dust (BD), stone dust

(SD), and recycled fine aggregate (RFA) as fine aggregate on the properties of

natural aggregate concrete (NAC) and recycled aggregate concrete (RAC). In

the present investigation, two groups of mixes were considered: Group A con-

sists of 100% natural coarse aggregate (NCA) and group B consists of 50% NCA

and 50% recycled coarse aggregate. In each group, the natural fine aggregate

was partially replaced with 30% BD, 30% SD, and 30% RFA separately. All

mixes were designed for M25 grade concrete with a constant w/c ratio of 0.45.

The properties viz. compressive strength, density, indirect tensile strength,

water absorption, ultrasonic pulse velocity of all mixes was performed. Also,

durability performance of all the mixes under acid conditions viz.: HCl and

H2SO4 solutions were studied. From the results it was found that the compres-

sive strength and split tensile strengths (27.95–23.23%) of both natural and

recycled aggregate concrete were significantly increased with the partial substi-

tution of SD. Also, the results reveal that the water absorption decreased by

57.14–69.64% and 4.67–34.67%, respectively, when the replacement of NFA

with BD and SD in both NAC and RAC. Both natural and recycled aggregate

concrete were more susceptible for H2SO4 than HCl acid in terms of loss of

weight and compressive strength.

Abbreviations: BD, brick dust; BIS, Bureau of Indian Standards; C&DW, construction and demolition waste; CH, calcium hydroxide; GCW, granite
cutting waste; GD, granite dust; ITZ, interfacial transition zone; NAC, natural aggregate concrete; NCA, natural coarse aggregate; NFA, natural fine
aggregate; PPC, Portland Pozzolana Cement; RAC, recycled aggregate concretes; RCA, recycled coarse aggregate; RFA, recycled fine aggregate; SD,
stone dust; UPV, ultrasonic pulse velocity.
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Abstract: Alkali-activated concrete (AAC) is mounting as a 

feasible alternative to OPC assimilated to reduce greenhouse gas 

emanated during the production of OPC. Use of pozzolana results 

in gel over-strengthening and fabricate less quantity of Ca(OH)2 

which provide confrontation to concrete against hostile 

environment. (AAC) is potential due to inheriting the property of 

disbursing CO2 instantly from the composition. Contrastingly an 

option to ordinary Portland cement (OPC), keeping this fact in 

mind the goal to evacuate CO2 emits and beneficiate industrial 

by-products into building material have been taken into 

consideration. Production of alkali-activated cement emanates 

CO2 nearly 50-80% less than OPC. This paper is the general 

assessment of current report on the fresh and hardened properties 

of alkali-activated fly ash (AAF), alkali-activated slag (AAS), and 

alkali activated slag and fly ash (AASF) concrete. In the recent 

epoch, there has been a progression to blend slag with fly ash to 

fabricate ambient cured alkali-activated concrete. Along with that 

the factors like environmental friendliness, advanced studies and 

investigation are also mandatorily required on the alkali activated 

slag and fly ash concrete. In this way, the slag to fly ash 

proportion impacts the essential properties and practical design of 

AAC. This discusses and reports the issue in an intensive manner 

in the following sections. This will entail providing a good 

considerate of the following virtues like workability, compressive 

strength, tensile strength, durability issues, ambient and 

elevated-temperature curing of AAC which will improve further 

investigation to elaborate the correct test methods and to 

commercialize it. 

Keywords: Fly ash, Slag, Alkali activator, Workability, Strength, 

Durability, Hydration Product, Curing temperature.  

I. INTRODUCTION 

The plunking of pozzolana is an environmental problem. Slag 

and Fly Ash (FA) are conventionally utilized binder to 

augment the workability, strength and durability properties. 

These industrial by-products FA, Slag with the partial 

replacement of OPC has been extensively utilized and 

resulted not merely in enhanced sustainability and 

environmental friendliness additionally improved the 

mechanical properties, durability and rheology. The auxiliary 

ratio is 15 to 25% for FA to total cementitious material and 

the replacement ratio for Slag is 50–70% [1, 2]. AAC utilizes 
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industrial by-products as binders comprising silica and 

alumina, alkali activators for activating the binders and fine 

and coarse aggregates, later cured under apposite conditions 

[3]. Production of alkali-activated cement emanates CO2 

nearly 50-80% less than OPC [4]. Class F (low calcium) and 

Class C (high calcium) FA system are two major subclasses 

[5]. Researches on AAC illustrates that workability depends 

on fineness, the composition of raw material, alkaline 

concentration and activator modulus. It is investigated that 

durability properties like permeability, water sorption, 

carbonation of AAC can be enhanced by proper mix design 

[6]. The key features of AAF are low shrinkage, high acid and 

heat resistance [7] whereas those of AAS are rapid setting, 

high strength and fire resistance [8].   

In AAC, the chemical and physical properties depend 

fundamentally on curing conditions and raw material. The 

AAC appraise in this article are composed of FA, Slag, and 

blend of FA and Slag, providing an assessment of research on 

the properties of AAC. Subsequent properties are discussed: 

workability, compressive strength, tensile strength, durability 

properties, ambient and elevated-temperature curing. 

This comprehensive survey will entail providing a good 

considerate of the following virtues like workability, 

compressive strength, tensile strength, durability issues, 

ambient and elevated-temperature curing of AAC which will 

improve further investigation to elaborate the correct test 

methods and to commercialize it. 

II. MATERIALS 

A unanimous term applied to the reaction between solid 

aluminosilicate and activator, to fabricate a solidified binder 

based on hydrous alkali-aluminosilicate is Alkali activation 

(termed as ‘precursor’). These definitions ensue to include 

Slag, FA and alkali activator [9]. 

A Fly Ash: It is a by-product of coal-fired electric generating 

plants. Its particles are spherical and steadily finer than OPC, 

its diameter ranges from 1μm – 150μm and its size is 

exaggerated by the type of dust collection system [10]. The 

strength and additional properties depend upon the chemical 

composition and fineness of source material in AAC [11]. The 

mass ratio of SiO2 and Al2O3 in class F fly ash is in the range 

of 1.7-4.0 while the amorphous content is generally more than 

50 % [12]. (Class F) FA has a cleaner surface in contrast to 

(class C) FA due to the absence of alkalis and sulphates ions 

[13]. 
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COMPARAtIVe ANALYSIS OF ROAD ACCIDeNt SCeNARIO IN PASt tWO 
DECaDE: a CaSE STUDy of INDorE-KhaLghaT roaD

1. INtRODUCtION

With the passage of time, the vehicle volume kept on 
increasing with a growth rate no less than that of the 
growth rate of the human being. The existing roads are 
not sufficient enough to meet the demand for such a huge 
amount of heterogeneous traffic and massive increase in 
the number of heavy and speedy vehicle on the road. It  
give rise to a very unfavourable situation or it can say that 
one of the biggest traffic problem of all time which led to 
the massive assets loss, as well as loss of life, known as 
Road Accident.

This tragic economic and human loss needs the attention 
of a specialized person in the field of traffic engineering 
and road safety. They must not only evaluate the severity 
of the incident but also suggest some measure to tackle the 
problem in an efficient manner. 

Normally there are many factors which lead to the 
scenario of accident some of them are inappropriate road 
user behaviour, improper vehicle condition, unscientific 
manner of traffic accident evaluation and investigation, 
lack of law body control over traffic, uneasy availability 
of the proper fast medical facility and inefficient traffic 
management planning. Road accident statics from various 
government and non-government institution show that 
around 70% of the road accident is due to the error 

performed by human and around 3-4% is because of the 
deficiencies in the road. Road accident is one of the biggest 
man-made tragedy which is even worse than any atomic 
or hydrogen bomb.

1.1 Global Scenario of Accident

Road accidents are not the case of one nation or an area 
specific problem but a universal scenario almost every 
country facing this devastating thing in some of the other 
face and different in the density and number of accident. It 
can be estimated that more than 1.35 million deaths and

 

Fig.1 Rates of road traffic death (Global Status  
Report on Road Safety 2018)
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ABStRACt
Now-a-days, road accident is not just a traffic problem but it became a social cause which needs an attention for its remedial 
measure. Road accident results in the heavy monetary loss and human loss which at last effect the growth of nation. Numerous 
research have been done in past on the analysis methods of road accident and those literature concluded the effect of various 
elements on road accident and also suggested the remedial measure as per the need of location and black-spot. In the present 
study, road selected for study purpose is Indore-Khalghat. It is one of the major accident prone roads and formerly it was a 
part of Nh-3 running from agra to bombay (ab) but at present this section is the part of asian highway development program 
and designated as ah-47 running from agra to bangalore. The collected data is distributed on the various parameters to 
evaluate trend of accident, effect of route change, and effect of change in geometric element. Identification of various black-
spots on the basis of measure notified by the MorTh and it was found that there are in total 9 black-spots identified in the 
study area. These black-spots were evaluated and road geometry is checked to find out the cause of accident because remedial 
measure suggested. accident rate, co-relation between different factors and economic evaluation of loss were calculated.



Impact of Particle Packing Method of Design Mix on
Fracture Behavior of Concrete: Critical Analysis
Subhasis Pradhan1; Shailendra Kumar, Ph.D.2; and Sudhirkumar V. Barai, Ph.D.3

Abstract: This paper discusses the effect of the particle packing method (PPM) of mix design on the fracture behavior of concrete. A three-
point bending (TPB) test was performed on single-edge notched beam for three different sizes. The fracture energy is estimated from the
load (P)–crack mouth opening displacement (CMOD) relationship obtained from the TPB test. By truncating the end of the P–CMOD curve
at different lengths, the sensitivity of fracture energy is analyzed, and eventually it is recommended to be at 2% of the depth of the beam.
The fracture toughness parameters are calculated analytically using a double-K fracture model. The size effect on the fracture energy and
fracture toughness parameters is studied. The PPM mix design provides improved fracture energy and fracture toughness parameters of
concrete with respect to the conventional mix design approach. DOI: 10.1061/(ASCE)MT.1943-5533.0003138. © 2020 American Society
of Civil Engineers.

Introduction

Compressive strength and tensile strength are the accepted criteria
to quantify the quality of concrete. However, these mechanical
parameters of concrete are not the explicit measure of its perfor-
mance in structural elements. This anomaly in performance is
attributed to the variations in size and shape of the structure, stat-
istical size effect on the quantity of microcracks, and interaction
of concrete with the reinforcement. In this aspect, the fracture prop-
erties of concrete provide a better alternative for evaluating the
performance parameters of a concrete structure.

Several experimental investigations have been performed by re-
searchers across the globe to examine the fracture behavior of con-
crete. Hillerborg et al. (1976) propounded the fictitious crack model
to encompass the response of plain concrete. Furthermore, in sub-
sequent years Bažant and Oh (1983) and Lubliner et al. (1989) pro-
posed the crack band model (CBM) and plastic damage model,
respectively, to emulate the fracture behavior of plain concrete.
Basically, in the aforementioned methods the researchers modelled
the softening curve, which is governed by the true fracture energy
(GF) and size effect fracture energy (Gf) of concrete (Lee and
Lopez 2014). Furthermore, Jenq and Shah (1985a, b) proposed
a two-parameter fracture model by applying the modified linear
elastic fracture mechanics concept, and the size-effect model by
Bažant and Kazemi (1990), effective crack model by Karihaloo
and Nallathambi (1989, 1990), and double-K fracture model by
Xu and Reinhardt (1999a, b; 2000) were postulated to emulate
the nonlinear fracture behavior of concrete or cementitious

materials. In the process of complete fracture of concrete, three dis-
tinct stages—crack initiation, stable crack propagation, and unsta-
ble fracture—can be identified. In this context, the double-K
fracture model describes all three important stages seen in the frac-
ture process of concrete (Kumar et al. 2013; Kumar and Barai 2008;
Lee and Lopez 2014).

RILEM TC 50-FMC (1985) recommended the three-point bend-
ing (TPB) test to estimate the fracture energy of concrete, and the
suitability of this method was also confirmed by Hillerborg (1985a).
It is theorized based on the total work-of-fracture principle of single-
edge notched (SEN) beams in a TPB test configuration to evaluate
tensile fracture. The TPB test of a SEN concrete beam specimen is
widely used to assess the fracture energy and fracture parameters.

The fracture energy and critical stress intensity factor (SIF) are
the representation of the fracture behavior of concrete. In addition
to the size and shape of a specimen, these fracture parameters are
also influenced by the type, size, and shape of the aggregate and
mix proportion of the concrete. Bažant and Yu (2011) confirmed
the necessity of a size effect study and recommended testing differ-
ent sized concrete specimens owing to alike cohesive softening law.
The asymptotic extension of the tail of the load (P)–crack mouth
opening displacement (CMOD) curve (Petersson 1981; Planas et al.
1992) affects the true fracture energy (GF) of concrete because of
its dependence on the selection of the end point of the experimental
P–CMOD curve. However, in previous studies, in-depth analysis
on the determination of P–CMOD curve end points for different
sized SEN concrete beams was not carried out.

The preceding discussion on the advances and shortcomings of
the prevailing practices (concrete preparation and testing and analy-
sis of results) necessitates addressing the following points while
estimating the fracture toughness parameters of concrete. The frac-
ture toughness parameters of concrete distinctly depend on its qual-
ity. Voids and microcracks are the obvious controlling factors of
the quality of concrete in addition to the water-to-cement (w/c) ratio
(Wittmann et al. 1987), aggregate shape and size (Elices and Rocco
2008), aggregate content (Amparano et al. 2000), and aggregate
distribution (Siregar et al. 2017). The void content and size can be
minimized by proper packing of aggregates of different sizes and
appropriate compaction of fresh concrete. In this connection, the
particle packing method (PPM) was proposed to minimize the void
content in concrete, and improved mechanical performance was
observed (Pradhan et al. 2017). The improved tensile strength of
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ABSTRACT 
Traffic congestion is caused due to an imbalance of transportation demand and supply. 

Traffic congestion is not only responsible for harming our health but also for not gaining full 
potential in our economic sector. Traffic congestion is an obstacle to the development of any 
country as it creates a huge amount of economic costs, discomfort cost, and alike. In the current 
scenario Indore city also prevails such a condition, some intersections of the city are badly affected 
by traffic congestion which causes potential hazard and delays so traffic congestion study is much 
needed at some potential road intersections. Several parameters like segmental delay, delay ratio, 
and relative delay ratio have been used to effectively measure traffic congestion at some potential 
sections taken for 6 locations. A model developed for segmental delay (Vehicle-second), 
segmental delay (person-second), delay rate, and relative delay Rate. 

KEYWORDS 
  Segmental delay, Delay rate, Relative Ddelay rate, Traffic congestion 

INTRODUCTION 
Transportation contributes to the social, economic, industrial, and cultural development of 

any country. Every product whether it is food, medicine, clothes, industrial items, or other essential 
commodities needs transport facility at all stages to get supply thoroughly throughout the country, 
which in term helps the country to uplift its economy and development hand to hand. 

But in recent years, the usage of transportation facilities has been increased drastically. 
Many of the cities experiencing a huge number of traffic flow which leads to a system break down 
in some cases, in talking about India, considerable numbers of cities facing a huge transportation 
management problem, as a result, the movement of vehicle, speed characteristics have been 
observed not up to the mark. 

Due to incessant increase in population, increase in household incomes and its resultant 
increase in the level of car usage coupled with poor land-use planning, poor transport design and 
planning. In urban areas, the problem of traffic is observed in road intersections for most of the 
cases [5]. Road intersections consist of too many actual and potential conflict points [4]. This is 
because at intersections, vehicular flows from several directions approaches making either left-
turn, through and right-turn movements seek to occupy the same physical space at the same time. 
In addition to these vehicular flows, pedestrians also seek to use this space to cross the street and 
thereby worsening the already bad traffic situation. 

Traffic congestion is the result of the gap between transportation demand and supply [2]. It 
may be said that traffic jam is killing our time only but that will be wrong. Traffic congestion can be 
held responsible not only for harming our health but also for not gaining full potential in our 
economic sector [1]. The transportation system has now become the spider that is sitting in the 
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ABSTRACT The physio-chemical changes in concrete mixes due to different coarse aggregate (natural coarse
aggregate and recycled coarse aggregate (RCA)) and mix design methods (conventional method and Particle Packing
Method (PPM)) are studied using thermogravimetric analysis of the hydrated cement paste. A method is proposed to
estimate the degree of hydration (α) from chemically bound water (WB). The PPM mix designed concrete mixes exhibit
lower α. Recycled aggregate concrete (RAC) mixes exhibit higher and α after 7 d of curing, contrary to that after 28 and
90 d. The chemically bound water at infinite time (WB1) of RAC mixes are lower than the respective conventional
concrete mixes. The lower WB1, Ca(OH)2 bound water, free Ca(OH)2 content and FT-IR analysis substantiate the use of
pozzolanic cement in the parent concrete of RCA. The compressive strength of concrete and α cannot be correlated for
concrete mixes with different aggregate type and mix design method as the present study confirms that the degree of
hydration is not the only parameter which governs the macro-mechanical properties of concrete. In this regard, further
study on the influence of interfacial transition zone, voids content and aggregate quality on macro-mechanical properties
of concrete is needed.

KEYWORDS recycled aggregate concrete, Particle Packing Method, thermogravimetric analysis, chemically bound water,
degree of hydration, Fourier transform infrared spectroscopy

1 Introduction
Concrete is the second most-consumed material in the
world and aggregates occupy about 70%–80% of its total
volume. This causes the rapid exhaustion of non-renew-
able natural resources. The construction activities also
produce construction and demolition (C&D) waste in
abundance. The bulk amount of C&D waste is waste
concrete. The waste concrete is considered as a source to
recycle and extract qualified aggregates, which can be used
as a new raw material for concrete production. However,
the earlier investigations [1–5] substantiated the influence
of inferior quality of recycled coarse aggregate (RCA) on
the macro-mechanical properties of recycled aggregate
concrete (RAC). Hence, it is required to study the influence
of micro-level characteristics on the macro-level perfor-
mance. The present paper discusses the effect of RCA on

the degree of hydration of cement in RAC and its
relationship with the mechanical properties of the prepared
concrete.
The four major compounds present in ordinary Portland

cement (OPC) are tricalcium silicate (C3S), dicalcium
silicate (C2S), tricalcium aluminate (C3A), and tetracal-
cium aluminoferrite (C4AF). The hydration products of
these compounds are the bridging units between the
aggregates, as well as the strength contributors. The
chemical compounds formed as a result of hydration
reactions in concrete at the microstructure level can be
examined by thermogravimetric analysis (TGA). The TGA
technique measures the mass loss due to the decomposition
of hydration products, such as ettringite, calcium silicate
hydrate (CSH), calcium hydroxide (CH) and carbonated
calcium hydroxide. The measured mass loss is due to the
decomposition of chemically bound water (WB) present in
the hydration products. The extent of hydration can beArticle history: Received Apr 11, 2019; Accepted Aug 23, 2019

Front. Struct. Civ. Eng.
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Abstract

The brick, stone, and construction industries produces huge quantities of non-

biodegradable waste materials and incorporation of such waste materials in

concrete eventually leads to the green and sustainable construction. The pre-

sent paper study the effect of partial substitution of brick dust (BD), stone dust

(SD), and recycled fine aggregate (RFA) as fine aggregate on the properties of

natural aggregate concrete (NAC) and recycled aggregate concrete (RAC). In

the present investigation, two groups of mixes were considered: Group A con-

sists of 100% natural coarse aggregate (NCA) and group B consists of 50% NCA

and 50% recycled coarse aggregate. In each group, the natural fine aggregate

was partially replaced with 30% BD, 30% SD, and 30% RFA separately. All

mixes were designed for M25 grade concrete with a constant w/c ratio of 0.45.

The properties viz. compressive strength, density, indirect tensile strength,

water absorption, ultrasonic pulse velocity of all mixes was performed. Also,

durability performance of all the mixes under acid conditions viz.: HCl and

H2SO4 solutions were studied. From the results it was found that the compres-

sive strength and split tensile strengths (27.95–23.23%) of both natural and

recycled aggregate concrete were significantly increased with the partial substi-

tution of SD. Also, the results reveal that the water absorption decreased by

57.14–69.64% and 4.67–34.67%, respectively, when the replacement of NFA

with BD and SD in both NAC and RAC. Both natural and recycled aggregate

concrete were more susceptible for H2SO4 than HCl acid in terms of loss of

weight and compressive strength.

Abbreviations: BD, brick dust; BIS, Bureau of Indian Standards; C&DW, construction and demolition waste; CH, calcium hydroxide; GCW, granite
cutting waste; GD, granite dust; ITZ, interfacial transition zone; NAC, natural aggregate concrete; NCA, natural coarse aggregate; NFA, natural fine
aggregate; PPC, Portland Pozzolana Cement; RAC, recycled aggregate concretes; RCA, recycled coarse aggregate; RFA, recycled fine aggregate; SD,
stone dust; UPV, ultrasonic pulse velocity.
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Abstract: Alkali-activated concrete (AAC) is mounting as a 

feasible alternative to OPC assimilated to reduce greenhouse gas 

emanated during the production of OPC. Use of pozzolana results 

in gel over-strengthening and fabricate less quantity of Ca(OH)2 

which provide confrontation to concrete against hostile 

environment. (AAC) is potential due to inheriting the property of 

disbursing CO2 instantly from the composition. Contrastingly an 

option to ordinary Portland cement (OPC), keeping this fact in 

mind the goal to evacuate CO2 emits and beneficiate industrial 

by-products into building material have been taken into 

consideration. Production of alkali-activated cement emanates 

CO2 nearly 50-80% less than OPC. This paper is the general 

assessment of current report on the fresh and hardened properties 

of alkali-activated fly ash (AAF), alkali-activated slag (AAS), and 

alkali activated slag and fly ash (AASF) concrete. In the recent 

epoch, there has been a progression to blend slag with fly ash to 

fabricate ambient cured alkali-activated concrete. Along with that 

the factors like environmental friendliness, advanced studies and 

investigation are also mandatorily required on the alkali activated 

slag and fly ash concrete. In this way, the slag to fly ash 

proportion impacts the essential properties and practical design of 

AAC. This discusses and reports the issue in an intensive manner 

in the following sections. This will entail providing a good 

considerate of the following virtues like workability, compressive 

strength, tensile strength, durability issues, ambient and 

elevated-temperature curing of AAC which will improve further 

investigation to elaborate the correct test methods and to 

commercialize it. 

Keywords: Fly ash, Slag, Alkali activator, Workability, Strength, 

Durability, Hydration Product, Curing temperature.  

I. INTRODUCTION 

The plunking of pozzolana is an environmental problem. Slag 

and Fly Ash (FA) are conventionally utilized binder to 

augment the workability, strength and durability properties. 

These industrial by-products FA, Slag with the partial 

replacement of OPC has been extensively utilized and 

resulted not merely in enhanced sustainability and 

environmental friendliness additionally improved the 

mechanical properties, durability and rheology. The auxiliary 

ratio is 15 to 25% for FA to total cementitious material and 

the replacement ratio for Slag is 50–70% [1, 2]. AAC utilizes 
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industrial by-products as binders comprising silica and 

alumina, alkali activators for activating the binders and fine 

and coarse aggregates, later cured under apposite conditions 

[3]. Production of alkali-activated cement emanates CO2 

nearly 50-80% less than OPC [4]. Class F (low calcium) and 

Class C (high calcium) FA system are two major subclasses 

[5]. Researches on AAC illustrates that workability depends 

on fineness, the composition of raw material, alkaline 

concentration and activator modulus. It is investigated that 

durability properties like permeability, water sorption, 

carbonation of AAC can be enhanced by proper mix design 

[6]. The key features of AAF are low shrinkage, high acid and 

heat resistance [7] whereas those of AAS are rapid setting, 

high strength and fire resistance [8].   

In AAC, the chemical and physical properties depend 

fundamentally on curing conditions and raw material. The 

AAC appraise in this article are composed of FA, Slag, and 

blend of FA and Slag, providing an assessment of research on 

the properties of AAC. Subsequent properties are discussed: 

workability, compressive strength, tensile strength, durability 

properties, ambient and elevated-temperature curing. 

This comprehensive survey will entail providing a good 

considerate of the following virtues like workability, 

compressive strength, tensile strength, durability issues, 

ambient and elevated-temperature curing of AAC which will 

improve further investigation to elaborate the correct test 

methods and to commercialize it. 

II. MATERIALS 

A unanimous term applied to the reaction between solid 

aluminosilicate and activator, to fabricate a solidified binder 

based on hydrous alkali-aluminosilicate is Alkali activation 

(termed as ‘precursor’). These definitions ensue to include 

Slag, FA and alkali activator [9]. 

A Fly Ash: It is a by-product of coal-fired electric generating 

plants. Its particles are spherical and steadily finer than OPC, 

its diameter ranges from 1μm – 150μm and its size is 

exaggerated by the type of dust collection system [10]. The 

strength and additional properties depend upon the chemical 

composition and fineness of source material in AAC [11]. The 

mass ratio of SiO2 and Al2O3 in class F fly ash is in the range 

of 1.7-4.0 while the amorphous content is generally more than 

50 % [12]. (Class F) FA has a cleaner surface in contrast to 

(class C) FA due to the absence of alkalis and sulphates ions 

[13]. 
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COMPARAtIVe ANALYSIS OF ROAD ACCIDeNt SCeNARIO IN PASt tWO 
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1. INtRODUCtION

With the passage of time, the vehicle volume kept on 
increasing with a growth rate no less than that of the 
growth rate of the human being. The existing roads are 
not sufficient enough to meet the demand for such a huge 
amount of heterogeneous traffic and massive increase in 
the number of heavy and speedy vehicle on the road. It  
give rise to a very unfavourable situation or it can say that 
one of the biggest traffic problem of all time which led to 
the massive assets loss, as well as loss of life, known as 
Road Accident.

This tragic economic and human loss needs the attention 
of a specialized person in the field of traffic engineering 
and road safety. They must not only evaluate the severity 
of the incident but also suggest some measure to tackle the 
problem in an efficient manner. 

Normally there are many factors which lead to the 
scenario of accident some of them are inappropriate road 
user behaviour, improper vehicle condition, unscientific 
manner of traffic accident evaluation and investigation, 
lack of law body control over traffic, uneasy availability 
of the proper fast medical facility and inefficient traffic 
management planning. Road accident statics from various 
government and non-government institution show that 
around 70% of the road accident is due to the error 

performed by human and around 3-4% is because of the 
deficiencies in the road. Road accident is one of the biggest 
man-made tragedy which is even worse than any atomic 
or hydrogen bomb.

1.1 Global Scenario of Accident

Road accidents are not the case of one nation or an area 
specific problem but a universal scenario almost every 
country facing this devastating thing in some of the other 
face and different in the density and number of accident. It 
can be estimated that more than 1.35 million deaths and

 

Fig.1 Rates of road traffic death (Global Status  
Report on Road Safety 2018)
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ABStRACt
Now-a-days, road accident is not just a traffic problem but it became a social cause which needs an attention for its remedial 
measure. Road accident results in the heavy monetary loss and human loss which at last effect the growth of nation. Numerous 
research have been done in past on the analysis methods of road accident and those literature concluded the effect of various 
elements on road accident and also suggested the remedial measure as per the need of location and black-spot. In the present 
study, road selected for study purpose is Indore-Khalghat. It is one of the major accident prone roads and formerly it was a 
part of Nh-3 running from agra to bombay (ab) but at present this section is the part of asian highway development program 
and designated as ah-47 running from agra to bangalore. The collected data is distributed on the various parameters to 
evaluate trend of accident, effect of route change, and effect of change in geometric element. Identification of various black-
spots on the basis of measure notified by the MorTh and it was found that there are in total 9 black-spots identified in the 
study area. These black-spots were evaluated and road geometry is checked to find out the cause of accident because remedial 
measure suggested. accident rate, co-relation between different factors and economic evaluation of loss were calculated.
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Abstract
Face detection often plays the first step in various visual applications. Large variants of
facial deformations due to head movements and facial expression make it difficult to
identify appropriate face region. In this paper, a robust real-time face alignment system,
including facial landmarks detection and face rectification, is proposed. A facial land-
marks detection model based on regression tree is utilized in the proposed system. In face
rectification framework, 2-D geometrical analysis based on pitch, yaw and roll move-
ments is designed to solve the misalignment problem in face detection. The experiments
on the two datasets verify the performance significantly improved by the proposed
method in the facial recognition task and outperform than those obtained by other
alignment methods. Furthermore, the proposed method can achieve robust recognition
results even if the amount of training images is not large.

Keywords Face alignment . Facial feature localization . Head pose estimation . Face recognition

1 Introduction

In an automatic visual system, face detection plays a vital role as the first step to locate the face
region in the target image for potential applications. A face recognition system usually consists
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Abstract

Geopolymer concrete (GPC) is the result of an inorganic polymerization reaction

that takes place in presence of an alkaline medium in the materials such as fly ash

and slag, which are rich in silicates and aluminates. In this study, an artificial neural

network (ANN), multiple linear regression, and the multivariate nonlinear regres-

sion (MNLR) models were designed to predict the 28 days compressive strength of

the GPC. To train the models, a total of 289 data sets were used, which were publi-

shed by different researchers in the open literature. The input parameters, namely,

binder content, amount of slag, rest period, curing temperature, curing period, the

ratio of NaOH/Na2SiO3, amount of superplasticizer, extra water added, themolarity

of NaOH, alkaline activator to binder ratio, amount of coarse, and fine aggregate

were used. The performance of the ANN model was better than the multi linear

regression (MLR) and multi non-linear regression (MNLR) models to estimate the

strength. The sensitivity analysis on ANNwas also performed to study the influence

of each parameter. The sensitivity analysis shows that the ratio of NaOH/Na2SiO3

significantly affects the compressive strength of GPC.

KEYWORD S

ANN, back-propagation, compressive strength, feed-forward network, GPC, MNLR

1 | INTRODUCTION

Geopolymer is an inorganic polymeric material, synthe-
sized by alkaline activation of materials rich in silicates
and aluminates, such as fly ash, metakaolin, blast furnace
slag, and so forth. A three-dimensional aluminosilicate
structure with empirical formula Mn{�(SiO2)z-AlO2}n,wH2

O, where M is the cation such as potassium, sodium, or cal-
cium, n is the degree of polycondensation, and z is 1, 2,
and 3.1 The dissolution of Si and Al ions from the source
materials takes place at high pH, which leads to the

formation of a complex supersaturated solution. This con-
centrated solution forms a gel with large networks because
of the condensation of oligomers in the aqueous phase.
The water used during the dissolution phase is released
which resides in the pores of the gel. The structure of gel
continues to rearrange resulting in the formation of an alu-
minosilicate structure known as a geopolymer.2,3

The strength of the geopolymer concrete (GPC)
depends on various factors such as type and amount of fly
ash,4 additives,5–10 alkalinity ratio (i.e., sodium hydroxide
to sodium silicate ratio [SH/SS]),6,11–13 the concentration
of NaOH,5,13–17 the ratio of alkaline activator to the
binder,14,18 and size and amount of aggregates.15 In addi-
tion to this, the strength of GPC also depends on the rest
period before curing of concrete,17 curing time, and curing
temperature12,15,17,19–22 at which GPC is cured; also

Discussion on this paper must be submitted within two months of the
print publication. The discussion will then be published in print, along
with the authors’ closure, if any, approximately nine months after the
print publication.

Received: 17 June 2021 Revised: 23 August 2021 Accepted: 19 September 2021

DOI: 10.1002/suco.202100354

Structural Concrete. 2021;1–18. wileyonlinelibrary.com/journal/suco © 2021 fib. International Federation for Structural Concrete 1

https://orcid.org/0000-0002-9674-9926
mailto:rao.chakradhar@gmail.com
http://wileyonlinelibrary.com/journal/suco


International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-10 Issue-6, April 2021  

86 

Published By: 
Blue Eyes Intelligence Engineering 

and Sciences Publication  

© Copyright: All rights reserved. 
 

Retrieval Number: 100.1/ijitee.F88290410621 
DOI: 10.35940/ijitee.F8829.0410621 

 

Abstract: This study investigates the progressions in mechanical 

properties of concrete by substitution of cement by Rice Husk Ash 

(RHA) in conjunction with superplasticizers. Rice husk is a 

by-product of the rice milling process, with inexact generation of 

200 kg for every one ton of rice. Diffusion of Rice Husk Ash in the 

concrete matrix enhance the properties of the concrete. This 

investigation has been done to determine the strength parameters 

of concrete with various extents of cement supplemented by Rice 

Husk Ash. M20 grade concrete (Designed as per Indian 

standards) was tried with substitutions by weight of the cement 

amount by 2.5%, 5%, 7.5%, 10% and 15%. Various strength Test 

results reveal enhancement of strength at 5% substitution of 

cement by rice husk with compressive strength and flexural 

strength having an increment of 9.78% and 25.09% respectively as 

compared to the control mix. Pulse velocity test of the modified 

concrete at 5% replacement of cement by rice husk ash confirms it 

as a “good” dense Concrete matrix. 

Keywords: Rice husk ash (RHA), Cement replacement, 

superplasticizers, workability, Compressive strength, Flexural 

strength, split tensile strength, Pulse velocity.  

I. INTRODUCTION 

Due to the wide use of concrete, the cost of building 

materials is increasing enormously in some parts of the world 

also in developing country like India. This rising cost can 

however be reduced by use of alternative building materials 

that are locally available and cheap. Some industrial and 

agricultural waste products may be used as a replacement of 

conventional building material. There are different wastes 

available in large quantities that have similar binding 

properties as that of cement. Rice husk ash is one of the 

suitable substitutions of cement. Rice husk is a byproduct of 

agricultural waste generated in rice mills. During milling of 

paddy 80% weight found out as rice and remaining 20% 

weight received as husk. This husk is used as fuel in 

industries to generate steams and other purposes. This husk 

contains about 75 % organic fickle matter and the remaining 

25 % of the weight of this husk is converted into ash during 

the firing process, this ash is known as rice husk ash (RHA). 

From the 20th century, there had been an increase in the 

economic consumption of mineral admixtures for the 

replacement of cement in construction industries. The use of 

by-products also reduces the pollution and proved as an 

environment friendly method of disposal of large quantities 

of waste materials that would otherwise pollute land, air and 

water. Typically, RHA contains 80 – 90% of amorphous silica 
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1-2 % Potassium oxide (K2O) and remaining being sunburn 

carbon. Related studies have been carried out to investigate 

impact of Rice husk ash as partial replacement which has 

depicted that RHA is suitable for replacement of cement in 

making of concrete. As per a study, Rice husk ash can be 

added to cement concrete as partial replacement of cement up 

to 10% without any significant reduction in any of the 

property of concrete (Bhushan et. al., 2017).  
 

The use of RHA in concrete has following positive impact: 

• Increased compressive and flexural strengths (Zhang et 

al.,1996; Ismaila 1996; Rodriguez 2005). 

• Reduced permeability (Zhang et al., 1996; Ganesan et 

al.,2007). 

• Increased resistance to chemical attack & Reduced 

potential for efflorescence due to reduced calcium 

hydracids (Chindaprasirt et. al., 2007). 

• Increased durability (Coutinho 2002). 

• Reduced effects of alkali-silica reactivity (ASR) (Nicole 

et al., 2000). 

• Reduced shrinkage due to particle packing, making 

concrete denser (Habeeb et al., 2009). 

• Enhanced workability of concrete (Coutinho 2002; 

Habeeb et al., 2009; Mahmud et al., 2004). 

• Reduced heat gain through the walls of buildings 

(Lertsatitthanakorn et al., 2009). 

• Reduced amount of super plasticizer (Sata et al., 2007). 

Additionally, RHA blended concrete can decrease the 

total porosity of concrete and modifies the pore structure of 

the cement, mortar, and concrete, and significantly reduce the 

permeability which allows the influence of harmful ions 

leading to the deterioration of the concrete matrix. RHA 

blended concrete can improve the compressive strength as 

well as the tensile and flexural strength of concrete (Alireza 

Naji Givi et. al. 2010). 

 In the present study, Ordinary Portland cement (Grade 

43) was replaced by rice husk ash at different percentage such 

as 2.5, 5, 7.5, 10% & 15% of weight of the cement to find out 

the optimum percentage of rice husk ash in concrete mix with 

the help of strength parameters like compressive strength, 

split tensile strength, flexural strength and ultrasonic pulse 

velocity. The mechanical property tests of materials have  

been carried for fine aggregates, coarse aggregates and 

cement in the laboratory followed by designing of M20 grade 

concrete as per Indian standards. Super plasticizers (Polymer  

based, 1% by weight) has been also used in the concrete mix  

for increasing the workability at adopted water/cement ratio 

of 0.45. 
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Abstract

Geopolymer concrete (GPC) is the result of an inorganic polymerization reaction

that takes place in presence of an alkaline medium in the materials such as fly ash

and slag, which are rich in silicates and aluminates. In this study, an artificial neural

network (ANN), multiple linear regression, and the multivariate nonlinear regres-

sion (MNLR) models were designed to predict the 28 days compressive strength of

the GPC. To train the models, a total of 289 data sets were used, which were publi-

shed by different researchers in the open literature. The input parameters, namely,

binder content, amount of slag, rest period, curing temperature, curing period, the

ratio of NaOH/Na2SiO3, amount of superplasticizer, extra water added, themolarity

of NaOH, alkaline activator to binder ratio, amount of coarse, and fine aggregate

were used. The performance of the ANN model was better than the multi linear

regression (MLR) and multi non-linear regression (MNLR) models to estimate the

strength. The sensitivity analysis on ANNwas also performed to study the influence

of each parameter. The sensitivity analysis shows that the ratio of NaOH/Na2SiO3

significantly affects the compressive strength of GPC.
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1 | INTRODUCTION

Geopolymer is an inorganic polymeric material, synthe-
sized by alkaline activation of materials rich in silicates
and aluminates, such as fly ash, metakaolin, blast furnace
slag, and so forth. A three-dimensional aluminosilicate
structure with empirical formula Mn{�(SiO2)z-AlO2}n,wH2

O, where M is the cation such as potassium, sodium, or cal-
cium, n is the degree of polycondensation, and z is 1, 2,
and 3.1 The dissolution of Si and Al ions from the source
materials takes place at high pH, which leads to the

formation of a complex supersaturated solution. This con-
centrated solution forms a gel with large networks because
of the condensation of oligomers in the aqueous phase.
The water used during the dissolution phase is released
which resides in the pores of the gel. The structure of gel
continues to rearrange resulting in the formation of an alu-
minosilicate structure known as a geopolymer.2,3

The strength of the geopolymer concrete (GPC)
depends on various factors such as type and amount of fly
ash,4 additives,5–10 alkalinity ratio (i.e., sodium hydroxide
to sodium silicate ratio [SH/SS]),6,11–13 the concentration
of NaOH,5,13–17 the ratio of alkaline activator to the
binder,14,18 and size and amount of aggregates.15 In addi-
tion to this, the strength of GPC also depends on the rest
period before curing of concrete,17 curing time, and curing
temperature12,15,17,19–22 at which GPC is cured; also

Discussion on this paper must be submitted within two months of the
print publication. The discussion will then be published in print, along
with the authors’ closure, if any, approximately nine months after the
print publication.

Received: 17 June 2021 Revised: 23 August 2021 Accepted: 19 September 2021

DOI: 10.1002/suco.202100354

Structural Concrete. 2021;1–18. wileyonlinelibrary.com/journal/suco © 2021 fib. International Federation for Structural Concrete 1

https://orcid.org/0000-0002-9674-9926
mailto:rao.chakradhar@gmail.com
http://wileyonlinelibrary.com/journal/suco


International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-10 Issue-6, April 2021  

86 

Published By: 
Blue Eyes Intelligence Engineering 

and Sciences Publication  

© Copyright: All rights reserved. 
 

Retrieval Number: 100.1/ijitee.F88290410621 
DOI: 10.35940/ijitee.F8829.0410621 

 

Abstract: This study investigates the progressions in mechanical 

properties of concrete by substitution of cement by Rice Husk Ash 

(RHA) in conjunction with superplasticizers. Rice husk is a 

by-product of the rice milling process, with inexact generation of 

200 kg for every one ton of rice. Diffusion of Rice Husk Ash in the 

concrete matrix enhance the properties of the concrete. This 

investigation has been done to determine the strength parameters 

of concrete with various extents of cement supplemented by Rice 

Husk Ash. M20 grade concrete (Designed as per Indian 

standards) was tried with substitutions by weight of the cement 

amount by 2.5%, 5%, 7.5%, 10% and 15%. Various strength Test 

results reveal enhancement of strength at 5% substitution of 

cement by rice husk with compressive strength and flexural 

strength having an increment of 9.78% and 25.09% respectively as 

compared to the control mix. Pulse velocity test of the modified 

concrete at 5% replacement of cement by rice husk ash confirms it 

as a “good” dense Concrete matrix. 

Keywords: Rice husk ash (RHA), Cement replacement, 

superplasticizers, workability, Compressive strength, Flexural 

strength, split tensile strength, Pulse velocity.  

I. INTRODUCTION 

Due to the wide use of concrete, the cost of building 

materials is increasing enormously in some parts of the world 

also in developing country like India. This rising cost can 

however be reduced by use of alternative building materials 

that are locally available and cheap. Some industrial and 

agricultural waste products may be used as a replacement of 

conventional building material. There are different wastes 

available in large quantities that have similar binding 

properties as that of cement. Rice husk ash is one of the 

suitable substitutions of cement. Rice husk is a byproduct of 

agricultural waste generated in rice mills. During milling of 

paddy 80% weight found out as rice and remaining 20% 

weight received as husk. This husk is used as fuel in 

industries to generate steams and other purposes. This husk 

contains about 75 % organic fickle matter and the remaining 

25 % of the weight of this husk is converted into ash during 

the firing process, this ash is known as rice husk ash (RHA). 

From the 20th century, there had been an increase in the 

economic consumption of mineral admixtures for the 

replacement of cement in construction industries. The use of 

by-products also reduces the pollution and proved as an 

environment friendly method of disposal of large quantities 

of waste materials that would otherwise pollute land, air and 

water. Typically, RHA contains 80 – 90% of amorphous silica 
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1-2 % Potassium oxide (K2O) and remaining being sunburn 

carbon. Related studies have been carried out to investigate 

impact of Rice husk ash as partial replacement which has 

depicted that RHA is suitable for replacement of cement in 

making of concrete. As per a study, Rice husk ash can be 

added to cement concrete as partial replacement of cement up 

to 10% without any significant reduction in any of the 

property of concrete (Bhushan et. al., 2017).  
 

The use of RHA in concrete has following positive impact: 

• Increased compressive and flexural strengths (Zhang et 

al.,1996; Ismaila 1996; Rodriguez 2005). 

• Reduced permeability (Zhang et al., 1996; Ganesan et 

al.,2007). 

• Increased resistance to chemical attack & Reduced 

potential for efflorescence due to reduced calcium 

hydracids (Chindaprasirt et. al., 2007). 

• Increased durability (Coutinho 2002). 

• Reduced effects of alkali-silica reactivity (ASR) (Nicole 

et al., 2000). 

• Reduced shrinkage due to particle packing, making 

concrete denser (Habeeb et al., 2009). 

• Enhanced workability of concrete (Coutinho 2002; 

Habeeb et al., 2009; Mahmud et al., 2004). 

• Reduced heat gain through the walls of buildings 

(Lertsatitthanakorn et al., 2009). 

• Reduced amount of super plasticizer (Sata et al., 2007). 

Additionally, RHA blended concrete can decrease the 

total porosity of concrete and modifies the pore structure of 

the cement, mortar, and concrete, and significantly reduce the 

permeability which allows the influence of harmful ions 

leading to the deterioration of the concrete matrix. RHA 

blended concrete can improve the compressive strength as 

well as the tensile and flexural strength of concrete (Alireza 

Naji Givi et. al. 2010). 

 In the present study, Ordinary Portland cement (Grade 

43) was replaced by rice husk ash at different percentage such 

as 2.5, 5, 7.5, 10% & 15% of weight of the cement to find out 

the optimum percentage of rice husk ash in concrete mix with 

the help of strength parameters like compressive strength, 

split tensile strength, flexural strength and ultrasonic pulse 

velocity. The mechanical property tests of materials have  

been carried for fine aggregates, coarse aggregates and 

cement in the laboratory followed by designing of M20 grade 

concrete as per Indian standards. Super plasticizers (Polymer  

based, 1% by weight) has been also used in the concrete mix  

for increasing the workability at adopted water/cement ratio 

of 0.45. 
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ABSTRACT 
 

The present study reveals the seismic hazard analysis of 

district headquarter Ambikapur, in the state of Chhattisgarh. 

Usually, seismic hazard study attempts to analyze two 

different kinds of anticipated ground motions, “the 

Deterministic Seismic Hazard Analysis (DSHA)” and “the 

Probabilistic Seismic Hazard Analysis (PSHA)”. The 

maximum Peak Ground Acceleration (PGA) has been 

estimated by using Iyengar and Raghu Kanth (2004) 

attenuation relationship. The regional recurrences relation is 

obtained by using available historical data and 33 numbers of 

seismic sources (liner faults) that are likely to cause ground 

motion, around the study area. The probabilistic seismic 

hazard analysis has been applied over Ambikapur, to assess 

the probability of exceedance for various PGA(g)values the 

seismic hazard curve has been developed  by using Raghu 

Kanth and Iyengar (2007) attenuation relationship. The 

probability of exceedance for PGA(g) values as 

0.01g,0.05g,0.10g,0.15g for their corresponding return 

periods have also been assessed. The liner seismic source 

having length 46kM, produced maximum peak ground 

motion as 0.15259g for recurrence period of 100 years. For 

Ambikapur district headquarter the probability of exceedance 

for 0.1g with a return period of 8788 years is estimated as 

63.22%. Maximum Peak Ground Acceleration value and % 

probability of exceedance reflects that the seismicity of 

Ambikapur district headquarter is found to have exceeded 

from 0.1g as recommended by IS:1893 (Part 1): 2016 (Sixth 

Revision) for Chhattisgarh. Hence, it is recommended from 

present study that, Ambikapur should be included in zone III 

instead of zone II. 

 

Key words : Ground Motion Attenuation, Peak Ground 

Acceleration, Uncertainty, Seismic Hazard Curve. 

 

1. INTRODUCTION 
 

Since the dawn of human civilization, seismic tremor is 

known to be one of the primary complex phenomenon that the 

 
 

present world is facing. Efforts are being made to develop 

realistic and probabilistic models, for determining the 

location and time of  

upcoming earthquakes. It is indispensable that the after 

effects can be reduced to some extent. Regional seismic 

hazard maps that are developed, give an idea of seismic 

hazard vulnerability of an area. So various researchers have 

carried out seismic microzonation of different Indian cities 

and states using probabilistic approach.   In seismic map of 

India Chhattisgarh state is located in “low” seismically  active 

region  Ambikapur, is said to be one of the oldest but 

prominent city there, the name being derived from the Hindu 

Goddess worshipped in that area. The location can be traced 

towards the east of central India, at 23º 12' N 83º 2' E. The city 

is said to be a proud owner of many valuable heritage 

structures, outlining the precious constituents of history, 

culture and human evolution. There are many evidences 

existing to the olden construction technology, aesthetics, 

civilizing practices, arts, defenses and governance of the 

region. These ancient masonry structures were constructed 

based on empirical acquaintance of structural behavior by 

trial-and-error processes, essentially taking into 

consideration dead loads only. Not overlooking their bulky 

mass due to masonry walls, poor connections between 

structural elements and structural distress due to deteriorated 

material properties they are often found to undergo 

destruction. Conservation of such historical buildings from 

natural disasters like an earthquake becomes a paramount 

responsibility of the modern society, so that it may be 

conserved for the future generations. 
 

2. PIONEER RESEARCH IN INDIA  
 
As Peninsular India (PI) lies within intra-plate setting (a 

region far from well-defined plate boundaries) very little 

crustal deformation is expected [1]. When compared to the 

foothills of mighty Himalayas, earthquakes are generally less 

likely to occur near the plate boundaries. Although the 

frequency of occurrence of large earthquakes is low, their 

impact on civilization is high. Thus, it becomes imperative to 

compute the seismic hazard for Peninsular India for future 
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Abstract: To handle the fuzziness and spatial uncertainties 

among pixels entailed in color images, this paper proposes a 

novel fuzzy entropy function for multi-threshold image 

segmentation based on the energy curve concept and 

minimum fuzzy entropy criterion. The proposed energy curve 

based new fuzzy entropy function (ECFE) considers intensity 

distribution and spatial contextual information among the 

pixels. To improve efficiency and threshold selection process 

of the method, cuckoo search algorithm is employed. For 

comparison, backtracking search algorithm, and Lévy flight 

based firefly algorithm included. Comparison with recent 

color image multilevel segmentation techniques presented to 

test the effectiveness of the proposed algorithm. The 

performance of the proposed technique is evaluated using 

different satellite and natural color images. Quantitative and 

Qualitative results demonstrate that the proposed algorithm is 

highly accurate, robust, and efficient for color image 

multilevel segmentation. 

 

Keywords: Multi-level thresholding, Energy curve, 

minimum fuzzy entropy, Cuckoo search algorithm, 

Optimization algorithms  

1 Introduction 

Segmentation is a classic example of multichannel 

information processing. Multichannel information 

processing is very important owing to evolution of the 

fields of remote sensing (RS), multispectral data 

management, geographical information system (GIS), 

biomedical imaging, etc. [1-4]. In satellite imaging, 

segmentation is one of the most important processes to 

retrieve important and useful information or to detect 

the region of interest.  Satellite images contain large and 

dense information which is used for processing and 

analysis. But, these images normally have ill-defined 

features and ambiguous regions, very low spatial 

resolution, poor illumination, and high dependency 

over environmental conditions [5]. Therefore, proper 

segmentation of satellite images is demanded in many 

practical applications including forest-type 

classification, sea-ice-type classification, soil moisture 

and vegetation, measurement, land cover classification, 

etc. [6]. Currently, various image segmentation 

techniques are presented in the literature [7,8]. 

In the field of image segmentation, information 

entropy theory-based thresholding is most popular area 

in theoretical research and applications as it is fit for the 

images exhibiting distinct gray levels of objects and 

background. The advancements in the information 

theory have intensified the scope to investigate 

different entropy models for efficient thresholding 

based segmentation [9, 10]. Various entropy models 

such as Shannon Entropy, Kapur’s entropy, Otsu 
method, Rényi entropy, Tsalli’s entropy, and minimum 

cross entropy (MCE) reported in [11], [12] have been 

proposed. The goal of thresholding is to select the 

single pixel (bi-level thresholding) or multiple pixels 

(multilevel thresholding) which can distinguish the 

region of interest from its background.  

Due to the development of multi-object technology 

such as multi-object tracking and multi-object 

optimization, multilevel image thresholding (MIT) is 

an appropriate method to fulfill the requirements of 

most machine vision and pattern recognition 

applications. MIT segmentation techniques can be 

broadly categorized into: (a) classical approach [13, 14] 

(b) Swarm Intelligence (SI)/Evolutionary Algorithms 

(EA) based approach [15, 16]. In past few decades, 

large amount of techniques have been developed in the 

field of image segmentation, and it has been noticed 

that multilevel thresholding based on classical 

implementations is computationally complex and time 

inefficient as they optimize the objective function by 

exhaustively searching for the optimum values. To 

determine acceptable sub-optimal thresholds quickly, 

applications of some well-known meta-heuristics can 

be found in literature meant for thresholding based 

segmentation of Satellite images and other color images 

[5], [13-21] this paper, a new fuzzy based entropy 

function is proposed using minimum fuzzy entropy 

criterion. Histogram based thresholding techniques has 

been unable to consider the contextual and local 

information for selecting an optimum threshold. As a 

consequence, the images of different characteristics 

may have very similar 1-D histogram to yield close 

thresholding results, which may lead to inaccurate 

satellite image segmentation. To mitigate these 

limitations, MFE has been proposed to search optimal 

thresholds based on information derived from energy 
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ABSTRACT

One of the main problems in K-means clustering is setting of initial centroids which can cause 
misclustering of patterns which affects clustering accuracy. Recently, a density and distance-based 
technique for determining initial centroids has claimed a faster convergence of clusters. Motivated 
from this key idea, the authors study the impact of initial centroids on clustering accuracy for 
unsupervised feature selection. Three metrics are used to rank the features of a data set. The centroids 
of the clusters in the data sets, to be applied in K-means clustering, are initialized randomly as well 
as by density and distance-based approaches. Extensive experiments are performed on 15 datasets. 
The main significance of the paper is that the K-means clustering yields higher accuracies in majority 
of these datasets using proposed density and distance-based approach. As an impact of the paper, 
with fewer features, a good clustering accuracy can be achieved which can be useful in data mining 
of data sets with thousands of features.

KEywoRdS

Centroid,+Classification,+Feature+Selection,+Information+Gain,+K-Means+Clustering,+Laplacian+Score,+Ranking+
Methods+of+Features+in+Data+Sets,+Variance

1.,INTRodUCTIoN

The curse of dimensionality is a major problem in large datasets. A dimension is commonly known 
by names like feature or attribute or property or even column in a dataset. In order to save more and 
more information, many irrelevant features are also preserved in a dataset and these features can be 
contributing nothing while classifying the dataset for taking some inference out of it and sometimes 
even adding to misclassification of patterns. A dataset with large dimensionality may increase the 
time and space complexity wile classifying it. More specifically, the performance of a classifier 
depends on several factors: i) number of training instances. ii) Dimensionality, i.e., number of 
features, and iii) complexity of the classifier (Saxena et al., 2010). Feature selection is an important 
component in pattern recognition (Duda et al., 2001). Feature Selection can be done in supervised 
or unsupervised manner. When feature selection techniques use the knowledge of class given in the 
data sets, it is called supervised feature selection. Feature selection without using class information is 
called unsupervised feature selection. For unsupervised feature selection, Mitra (Mitra et al., 2010), 
proposed a method that partitions original feature set into distinct subsets or clusters so that features 
in one cluster are highly similar while those in different clusters are dissimilar. A single feature is 
then selected from each cluster to form a reduced feature subset. Feature Selection for clustering is 
discussed in (Dash et al., 2000). Dy and Brodley (2000) presented a wrapper framework for feature 
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Ferrocene decorated unusual mercury(II)
dithiocarbamate coordination polymers:
crystallographic and computational studies†‡

Amita Singh, a Ayushi Singh,a Suryabhan Singh, b Gabriele Kociok-Köhn, c

Mohd. Muddassir d and Abhinav Kumar *a

Three new one dimensional ferrocene decorated Hg(II) based coordination polymers with the general

formula of (FcCH2N(C2H4OH)NCS2HgX)n {X = Cl (FcHgCl); Br (FcHgBr); I (FcHgI)} have been synthesized

using a functionalized dithiocarbamate ligand with a redox active ferrocene pendant and –C2H4OH and

have been characterized by microanalyses, FTIR, 1H, 13C, and 199Hg NMR, electronic absorption and

photoluminescence spectroscopy. The redox properties of these compounds have been assessed by cyclic

voltammtery which suggested their quasi-reversible redox behaviour. Single crystal X-ray diffraction studies

suggested that the geometries around all three Hg(II) polymers are square pyramidal and two such square-

pyramids fuse in an antiparallel mode in FcHgCl and FcHgI and in an orthogonal mode in FcHgBr to

generate a ferrocene decorated 1D polymeric framework. The adjacent 1D polymeric chains in all three

compounds are held by different intermolecular interactions which provide stability to these compounds in

the solid state. Also, these compounds exhibit interesting Hg⋯X (X = Cl, Br and I) spodium bonding

interactions. The nature of all these interactions have been studied by Hirshfeld surface analyses, density

functional theory and quantum theory of atoms in molecules (QTAIM). The QTAIM results indicated that

Hg⋯X interactions are moderately strong with interaction energies of 9.32, 44.37 and 19.56 kJ mol−1 for

chloro, bromo and iodo derivatives, respectively. Further bond order calculations also suggest the presence

of spodium bonding interaction in all three polymers.

Introduction

In previous decades and in this decade, the design and
development of coordination polymers (CPs) derived from
various multifunctional ligands has been extensively studied
and this interesting class of compounds has been utilised for
an abundance of applications.1 Although reports on CPs
comprising polycarboxylate and nitrogen donor ligands are
numerous,1 reports on CPs containing dithiolate ligands are
scarce.2 Recently, dithiolates have emerged as an important

class of ligands to generate an array of self assembled
polymers.2,3 Dithiolates in general are categorized into
1,1-dithiolates or 1,2-dithiolates. Amongst 1,1-dithiolates two
broad categories viz. monoanionic dithiolates and dianionic
dithiolates exist. Monoanionic 1,1-dithiolates viz.
dithiocarbamates and xanthates also known as dithiocarbonates
and dithiophosphates have been proven to be very interesting
ligands for crystal engineering as single source precursors for
metal and mixed metal chalcogenides, where the metal can
belong to the main group as well as to the transition family.2–7

In comparison to xanthates, dithiophosphates and
dithiophosphinates, the prospects of functionalization of the
dithiocarbamate backbone are more probable as one can
incorporate/alter and functionalize the alkyl/aryl groups
attached to the nitrogen center of the RR'NCS2

− backbone.2–7

Such functionalization can lead to a programmed self-assembly
which can form interesting architectures and can offer
interesting physico-chemical properties. Recently McDonagh
et al. reported that the presence of two or more dtc ligands in
the same molecule can yield interesting CPs.8

During the past couple of years, significant development
in chemistry utilizing the redox active ferrocenyl entity as a
cornerstone in molecules has been perceived. Such
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Taguchi Optimization of Adsorptive Treatment of Effluent from 

Lead-acid Battery Recycling unit Using Pressmud-a Sugar 
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ABSTRACT: Lead-acid battery recycling is one of the organized process which helps in 
overcoming the demand of lead for the production of the storage batteries. During 
recycling, a large amount of effluent is generated which contains lead beyond the 
permissible limit and harmful for the environment. This effluent was treated by 
adsorption as an alternative technique by using another waste (pressmud) as an adsorbent 
obtained from the sugar industry. Properties of the pressmud were determined through 
Fourier transform infrared spectroscopy, scanning electron microscope and X-ray 
diffraction analysis. Taguchi method L16 orthogonal array (4^3) was used for batch 
adsorption study for the parameters, initial pH, adsorbent dose and contact time. The 
optimum value for the adsorption of Pb(II) onto pressmud was found at effluent pH 4.5, 
adsorbent dose 1.0 g/50mL and time 240 min from the Signal-to-Noise ratio analysis. 
Kinetic and isotherm studies were also carried out to understand the mechanism of 
adsorption. Langmuir isotherm fitted best to the experimental data with R2=0.994 and 
kinetics of adsorption followed the pseudo-second-order model with R2=0.993.  

Keywords: Isotherm, kinetic, lead adsorption, Taguchi analysis. 

 
 
 
INTRODUCTION 

Lead-acid battery recycling units are the 

major sources of lead pollutants in the soil 

which is hazardous to the surrounding 

communities (Gottesfeld et al., 2018). 

Recycling of Lead-acid battery is a 

beneficial process as it not only supplies 

lead for producing battery but also reduces 

the pollution. Battery recycling involves 

the production of the pure lead ingot from 

exhausted lead electrodes. During the 

recycling, the electrolyte solution is 

discharged without treatment by the small 

recyclers. This effluent of electrolyte 

solution contains a large concentration (2-

300 mg/L) of Pb(II) and it is harmful to the 

environment and human health (Matlock et 

al., 2002). This effluent is treated 

conventionally by neutralization with 

sodium carbonate, which leads to the 

generation of a large amount of sludge. 

However, this method is not effective 

because the lead hydroxide formed is 

moderately soluble and remains in the 

effluent (Dermentzis et al., 2012). 

According to the Indian Standard 

Institution, the safe limit of Pb(II) in 

surface discharge is 0.1 mg/L (Meshram et 

al., 2020), hence, the effluent must be 

treated before discharge to the soil or 

aquatic system to keep the concentration of 

Pb(II) safe. 

Various treatment methods like ion 

exchange, coagulation, electrocoagulation, 

mailto:jpoll@ut.ac.ir


Adsorption of Pb(II) form battery recycling unit effluent using
granular activated carbon (GAC) and steam activated GAC
Saurabh Meshram, Chandrakant Thakur and Anupam B. Soni

Department of Chemical Engineering, National Institute of Technology Raipur, Chhattisgarh, India

ABSTRACT
The effluent of the lead-acid battery recycling unit contains a significant
amount of Pb(II). Small scale battery recyclers are discharges this effluent
without treatment, which is harmful to the environment. This effluent
was treated by adsorption as an alternative technique to remove Pb(II)
using granular activated carbon (GAC) and steam activated granular
activated carbon (SGAC). Both adsorbents were characterised by using
BET, SEM, FTIR and XRD techniques. Batch adsorption studies were
performed to understand the effect of parameters like pH, contact time
and adsorbent dose on percent removal of Pb(II) from effluent. The best
result was observed at pH 4.5, time 60 min and an adsorbent dose of
2 g/L for SGAC with over 95% removal of Pb(II). Isotherm studies were
carried out by testing the experimental data using Langmuir, Freundlich,
Dubinin-Radushkevich and Temkin isotherm models. Pseudo first and
second order, intra-particle diffusion and Elovich kinetic models were
used to understand the mechanism of adsorption. A Regeneration study
was also performed to reuse the SGAC for Pb(II) adsorption.

KEYWORDS
Lead; activated carbon;
battery recycling effluent;
adsorption

Nomenclature

BT constant for Temkin isotherm, J/mol
Co, Ce concentration of Pb(II) in effluent at initial and at equilibrium, respectively, mg/L
E mean free energy of adsorption per molecule of adsorbate, kJ/mol
K1 rate constant for pseudo-first-order kinetic, min−1

K2 rate constant pseudo-second order kinetic, g/mg.min
KF constant for Freundlich isotherm, mg/(g (mg/L)1/n)
kid rate constant for the intra-particle diffusion model, mg.g−1.min−0.5

KL constant for Langmuir isotherm, L/mg
KT equilibrium binding constant corresponding to maximum binding energy, L/mg
m mass of adsorbent, g
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Removal of fluoride from water by electrocoagulation using Mild
Steel electrode
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A R T I C L E I N F O
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A B S T R A C T

Electrocoagulation process was used for defluoridation of synthetic fluoride containing water. In the process Mild
Steel (MS) was used as sacrificial electrode and experiments were performed with different varying parameters
such as pH and current density (CD). The fluoride removal efficiency was found to be maximum at pH 6 and CD
75.44 A/m2 (2 A). At these conditions fluoride concentration reduces from initial concentration of 50 mg/dm3 to
5.2 mg/dm3. Kinetic study of electrocoagulation process revealed that the order of the reaction was in the range
1.61–1.64 with respect to fluoride concentration. It was observed that fluoride removal efficiency of the present
MS electrode is comparable to the other electrodes used in electrocoagulation process available in the literature.

1. Introduction

Fluoride is an important mineral of drinking water up to a certain
limit. The fluoride occurs mainly as sellaite (MgF2), fluorspar (CaF2),
cryolite (Na3AlF6) and fluorapatite [3Ca3(PO4)2Ca(FCl2)]. As fluorspar
and cryolite are found in sedimentary rocks and igneous rocks respec-
tively, these fluoride minerals are of very low solubility in water. Hence,
fluorides will be present in groundwater only when conditions favor their
dissolution or high fluoride containing effluents are discharged to the
water bodies from industries [1].

It is a well known fact that an excess amount of fluoride is harmful to
the human body. Fluoride in drinking water has strong effects on teeth
and bones [1]. Due to its strong electronegativity, it gets attached to
positively charged calcium in bones and teeth. Moderate fluoride
(0.5–1.5 mgL�1) in drinking water is an essential micronutrient for the
calcification of the dental enamel and bone formation. Hydroxide ions
get displaced by fluoride from hydroxyapatite Ca5(PO4)3OH, which is the
principal mineral constituent of teeth (in particular the enamel) and
bones, to form the harder and tougher fluoroapatite, Ca5(PO4)3F. Up to a
small level, this strengthens the enamel. However, fluoroapatite is an
order of magnitude less soluble than hydroxyapatite, and at high fluoride
concentration, the conversion of a large amount of the hydroxyapatite

into fluoroapatite makes the teeth and (after prolonged exposure) the
bones denser, harder and more brittle. In the teeth, this causes mottling
and embrittlement, a condition known as dental fluorosis. With pro-
longed exposure at higher fluoride concentrations, dental fluorosis pro-
gresses to skeletal fluorosis [2]. Thus fluoride is considered beneficial in
drinking water at levels of about 0.7 mg/L, but harmful, once it exceeds
1.5 mg/L which is the world health organization limit being followed in
most of the nations [3,4]. The difference between a desirable dose and a
toxic dose of fluoride is ill-defined and fluoride may therefore be
considered as an essential mineral with a narrow margin of safety [5].
Hence, its treatment is required.

Various techniques are available for defluoridation such as coagula-
tion and precipitation [6], reverse osmosis [7–9], nanofiltration [10,11],
electrocoagulation [12–17], ion-exchange [18,19] and adsorption [20,
21]. Each process has its own limitations. The traditional coagulation
method is low cost but its removal efficiency is low and also generates a
large amount of sludge. Chemical precipitation generates low-density
sludge and induces secondary pollution consequently difficulties to
cleanup trace heavy metal pollution. Reverse osmosis is done at high
pressure and requires a dense layered polymer matrix membrane which
is usually expensive and complicated. Additionally, membrane fouling is
another problem with the membrane filtration process [20].
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Present study deals with the degradation of COD contained in coking wastewater using catalytic wet air oxidation process.
The investigated experimental parameters were pH, temperature (T ºC), air partial pressure (pair), catalyst loading (Cw) and
time (tR). Among various catalysts, copper chloride was found to best for degradation of COD. The optimum condition evalu-
ated for the degradation of organic compounds using Response Surface Methodology (RSM) was T = 159.93ºC, pair = 5.80
MPa, Cw = 3.1 kg/m3 and tR = 5.98 h. The central composite design (CCD) was used for the experimental design and optimi-
zation of the process. Analysis and interaction between the four most important operating variables T, pair, Cw and tR were
studied. ANOVA analysis of variance showed the good regression coefficient with R2 = 0.977 for the degradation of COD.

Keywords: Catalytic wet air oxidation, coking wastewater, response surface methodology, COD.

Introduction
Iron and steel industries are come under the profitable

industries in India. It was the largest producer of raw steel
and sponge iron in the world during 2014-20161. The waste-
water produced by the iron and steel industries are called
coking wastewater (CWW), and comes under hazardous ef-
fluent as it contains cyanide, thiocyanide, ammonium nitro-
gen, phenolic compounds, sulphate, polynuclear-aromatic
etc. Most of them are highly toxic and  causes harmful ef-
fects to environment and ecology too2–4. Thus, it must be
treated before discharge into water bodies. CWW is produced
during coke conversion process; in this process coal is heated
at high temperature in absence of air to produce coke, which
is the raw material of blast furnace to manufacture iron and
steel5. Hot coke produced during carbonization is cooled by
spraying of water, during this process huge amount of water
was used and becomes polluted due to transfer of chemi-
cals from coke to water. The polluted water is called coking
wastewater (CWW) or coke oven wastewater.

Wet air oxidation (WAO) is the simplest oxidation tech-
nique6 for the treatment of industrial wastewater containing
highly concentrated organic pollutants. In WAO process high
temperature (100–320ºC) and high oxygen pressure (1–20

bar) is used as oxidize organic pollutants present in water
and convert into CO2 and H2O7. Although, WAO is the effec-
tive process, but it requires high temperature and high pres-
sure which increases its cost8, thus, to reduce the cost and
time WAO is performed in presence of catalyst called cata-
lytic wet air oxidation. CWAO increases the rate of reaction
and reduces temperature, pressure and treatment time8. Lit-
erature review of CWAO process shows it is an effective treat-
ment technique for acetic acid present in solutions (aque-
ous) over noble metal catalysts9. Treatment of methylamine
over manganese dioxide catalyst10. Removal of phenol stud-
ied using catalyst like Ru and Pt were supported on TiO2/
CeO2 oxide for CWAO process and the catalyst were pre-
pared by sol-gel process as TiO2, TiCe5, TiCe10, TiCe25,
TiCe50, TiCe75, CeO2

11 and the degradation of three phe-
nolic compounds such as phenol, o-cresol and 2,5-dimethyl
phenol has been studied by catalytic wet air oxidation12.

In present study various type of catalysts were tested for
the degradation of CWW.  The parameters like T, pair, Cw, tR
and pH were selected to find out its effects on oxidation of
CWW. Optimization of COD removal was performed by us-
ing RSM. The experiments were designed using CCD which
is good tool for the optimization of the process.
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The proton exchange membranes (PEMs) were prepared using cellulose acetate (CA), orthophosphoric acid (OPA) and poly-
vinyl alcohol (PVA) and epichlorohydrin (ECH) as an active agent. Polyvinyl alcohol (PVA) was used as polymeric backbone
for the synthesized PEMs. CA was used as a hydrophilic agent and OPA provided acidic matrix for the membranes. Poly-
meric membranes have minimal environmental effects and hence we focused on these membranes for fuel cell applications.
These membranes were prepared by physical blending and casting methods. The cellulose acetate was dissolved in the re-
quired amount of pure acetone to form a solution and subsequently activated using ECH at 45ºC for 6 h. Activated cellulose
acetate and OPA was used in molar ratios of 1:1 and 1:2 in this study. PVA was added in the desired quantity. The approach
allowed the membrane to have an excellent ion exchange capacity (IEC) and water uptake (WU) such as 1.14 meq/g and
11.83%, respectively.

Keywords: Proton exchange membrane, ion exchange capacity, swelling ratio, water uptake.

Introduction
The enhancement in the demand of power requirement

makes the researchers to focus on the renewable energy
sources. PEM fuel cells have a promising ability to convert
electrochemical energy into power. They gained sufficient
interest because of their high efficiency and low emissions
of wastes. Essentially, the mechanism of PEM is to transfer
the protons from anodic compartment to cathodic compart-
ment. The PEM serves as a media to conduct electrons from
anode chamber to cathode chamber in a fuel cell. It is a
polymeric membrane prepared using different types of poly-
mers1,2. Commercially available PEM is Nafion. Nafion is
widely used proton exchange membrane due to its high
mechanical, chemical, and thermal stability and proton con-
ductivity. However, these Nafion membranes are lavish.
Hence, several researchers explore the alternative to Nafion
membranes for fuel cell applications. Fuel cell converts the
energy with high efficiency and extremely low pollutant emis-
sion. PEM fuel cell consists of a polymeric membrane, which
transports the protons from anode chamber to cathode cham-
ber. The electrons generated in anode chamber travels
through the external circuit of cell to cathode chamber and

produce electricity. Hydrogen based fuel cell was charged
through a field flow plates to the anode side, where hydro-
gen splits into H+ ions and charged electrons. Hence, there’s
no change of emission of pollutants it is an eco-friendly way
of production of energy. The key component of the fuel cell is
PEMs, which may be polymeric membranes or acid base
membranes. The products of these fuel cells are water from
cathode chamber and electricity from the external circuit. To
produce H+ ions and negatively charged electrons fuel cell
requires hydrogen which is costlier and it is difficult to pro-
duce hydrogen and also to store. Hence many of the fuel
cells use H+ ions producing gases such as methanol or gaso-
line etc., where direct methanol fuel cell gained success by
using liquid methanol fuel3. But emission of CO is the notice-
able disadvantage of the direct methanol fuel cell, which
damages the platinum electrodes4 and may decrease the
efficiency of the fuel cell. In this study, we prepared a poly-
meric proton exchange membrane using cellulose acetate
(CA) and epichlorohydrin as an active agent, orthophospho-
ric acid (OPA) and polyvinyl alcohol (PVA). The prepared
membrane should be thin having high ion exchange capa-
city and water uptake.
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Activated carbons were by double stage activation method using spent coffee grounds (SCG) as precursor. The process in-
volved impregnation of SCG with NaOH or KCl followed by heat treatment. Proximate analysis of raw SCG was done to in-
vestigate moisture, ash, volatile matter and fixed carbon content. Characterization of the adsorbents was done through FTIR,
BET and XRD analyses. Activated carbon (AC) prepared using NaOH as activating agent was used to adsorb lead (Pb(II))
from an aqueous solution. Adsorption study result showed that 98% Pb( II) could be removed with the adsorbent dose of 20
g/L and 90 min of contact time from the aqueous solution initially containing 400 mg/L of Pb( II).

Keywords: Activated carbon, double stage activation, spent coffee grounds, lead.

Introduction
Coffee is a popular beverage and almost 50% of the

world’s total coffee production is used for making soluble
coffee. The residue left after the brewing of coffee is known
as spent coffee grounds. According to the coffee market re-
port of International Coffee Organization for December 2019
the global coffee production is estimated to be 168.71 mil-
lion bags (each bag weighs 60 kg) in 2019-20. Murthy and
Naidu1 have reported that one ton of green coffee generates
about 650 kg of SCG making it an abundant feed stock for
AC synthesis.

Several studies have reported the use of coffee residue
as a precursor for the synthesis of AC. Baquero et al.2 chemi-
cally activated the coffee residue by H3PO4 to prepare AC
for adsorption of phenol. Kankeu et al.3 produced biochar
from SCG by hydrothermal method and then treating it with
sodium dodecyl sulphate to remove cadmium from coal tail-
ing leachates. The ZnCl2 impregnated SCG was carbonized
around 400 to 500ºC to produce AC for heavy metal removal4.
The ACs obtained from SCG by impregnating it with phos-
phoric acid and KOH and carbonization at 600ºC for the re-
moval of lead and copper5; phosphoric acid for the adsorp-
tion of ethylene and n-butane6.

July-34 / 155- p65

In this study, SCG was impregnated with NaOH and KCl
activating agents, carbonized at 500ºC to produce activated
carbons referred as AC-NaOH and AC-KCl, respectively. The
properties of the ACs obtained through raw SCG, AC-NaOH
and AC-KCl were evaluated and compared to examine their
relative characteristics. Since the BET surface area deter-
mined was higher for AC-NaOH than other two adsorbents,
it was chosen for batch removal of Pb(II) from the prepared
solution.

Materials and methods
Spent coffee grounds:
Coffee beans was purchased from local market of

Bilaspur, Chhattisgarh and after using them to make soluble
coffee, the residue (SCG) was collected. The SCG was
washed with water and sun dried for 24 h. The SCG was
kept for 1 h in oven for drying at 100ºC, ground and sieved to
get 16 mesh size particles.

Activation process:
Activation method adopted in this study is similar to the

one reported by Kalderis and coworkers7 for the activation
of rice husk derived activated carbon. The SCG sample was
impregnated with NaOH by mixing them in equal proportion
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p-Coumaric acid is usually found in effluent from olive oil, pulp-paper and winery industries. It degrades slowly and deterio-
rates the fertility of soil. On the other hand, it has exceptional medicinal properties and has wide application in health, food,
and pharmaceutical industries. In this work physical extraction has been carried out with two natural solvents, rice bran oil
and soybean oil and two conventional organic solvents, 1-octanol and p-ether. To identify the suitable solvent, partition coef-
ficient (P), distribution coefficient (Kd), dimerization constant (D) and extraction efficiency (E%) have been investigated and
compared. The results showed that 1-octanol is the most effective solvent with extraction efficiency and distribution coeffi-
cient being 43.1% and 0.93, respectively.

Keywords: Phenolic acids, reactive extraction, partition coefficient, dimerization constant, extract ion efficiency.

Introduction
p-Coumaric acid being a hydroxycinnamic acid, subgroup

of phenolic acids, has an important role in human immune
regulations. p-Coumaric acid is phenolic acid, present in vari-
ous food items and possesses different physiological prop-
erties like antioxidant, anti-allergic, anti-cancerous, anti-mi-
crobial, anti-inflammatory etc.1. The studies have confirmed
its protective effect in doxorubicin-induced oxidative stress
in rats and also formation of ultra-violet B induced oxidative
damage in SIRC cells2. It has many uses in pharmaceutical,
cosmetic, chemical, food and health industries3. p-Coumaric
acid could be obtained either from plant source directly,
chemical synthesis or bio-synthesis. Direct extraction from
the plant source is difficult whereas bio-synthesis is economic
and can be used to fulfill the demand of the acid as it has
vivid applications. p-Coumaric acid is present in effluent from
paper, olive oil, grapes-based wine industry4,5. Its degrada-
tion is very slow and hence it stays for long time in the soil.
The untreated effluent discharged over a land severely dam-
ages the fertility of soil6,7. Hence, removal of p-coumaric acid
not only provides a valuable product, because of its physi-
ological properties, but also mitigates soil pollution.

Among various separation techniques, reactive extrac-
tion is energy incentive and convincing technique for the ef-
ficient separation, especially from the dilute solutions8. Re-
active extraction is a proven technique for effective extrac-
tion of carboxylic acids such as, lactic, picolinic, glycolic,
phosphoric, itaconic acid9–13 and phenolic acids like gallic
acid, 4-hydroxy benzoic acid14,15. The technique uses three
different types of extractants, the oxygen donor extractants
namely carbon bonded and phosphorous bonded and the
aliphatic amine extractant and the diluents, polar protic, di-
polar aprotic and non-polar16.

Exploring the different physical extraction parameters
helps in finding the suitable and most efficient diluents for
the particular solute. In this context, two conventional sol-
vents; 1-octanol and p-ether; and two natural solvents; rice
bran and soyabean oil have been used and the physical pa-
rameters were explored experimentally to identify the suit-
able solvent among them.

Experimental
The laboratory grade p-coumaric acid (98% pure) was

acquired from Sigma Aldrich and its solution of different
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Abstract. Flouride (Fˉ) content in groundwater above 1.5 mg/L is a serious concern all over the 

world due to adverse health effects beyond that concentration. Hence, apart from its monitoring, 

an effective and low-cost removal technique is necessary. In this work, the removal of fluoride 

using fly ash has been studied. Batch adsorption studies, using laboratory shaker, were performed 

to examine the effect of pH in the range 2-10, adsorbent size (0.225 mm, 0.45 mm, and 0.90 

mm), and adsorbent dose, varied from 2-6 g/L, for a contact time of 4 hours in all the 

experiments. The optimum condition for the Fˉ removal was observed as pH:5, adsorbent 

size:0.225 mm and adsorbent dose: 5 mg/L, providing 67.20 % Fˉremoval from the solution. 

Different kinetic models were tested and it was found that adsorption kinetics is of Pseudo second 

order and Elovich type. The study showed that fly ash can be effectively used for fluoride 

removal from water. 

1.  Introduction 

Fluoride contaminated groundwater is a serious issue as most Indian populations resort to groundwater 

for drinking water needs. In rural areas, facilities to remove Fˉ from such water supply are usually not 

available. Some of the causes of the occurrence of Fˉ in the groundwater are leaching of fluoride bearing 

rocks, geochemical reactions, and industrial discharges[1]. Fˉ is highly electronegative and has low bond 

energy which makes it highly reactive, leading to its presence in a combined state such as sodium 

fluoride, fluorite, etc. [2]. While the presence of Fˉ in amounts 0.5 mg/L to 1.5 mg/L is essential for 

bones and dental strength in animals and humans[3], its concentration, more than 1.5 mg/L, as specified 

by World Health Organization(WHO), causes irreversible demineralization of bones and tooth tissues 

resulting in skeletal and dental fluorosis, harmful to the brain, kidney liver, skin and death in extreme 

cases is also possible [2-4]. 

The Indian scenario of Fˉ contamination in groundwater is such that 19 of Indian states are severely 

affected by high Fˉconcentration in groundwater ranging from 2.0 mg/L in Haryana to 38.0 mg/L in 

Rajasthan. And one of the reasons for such a high concentration of Fˉ in groundwater is attributed to the 

presence of 12 million out of 85 million of Fˉ deposits on earth surface is present in India only [4]. As 

the WHO as well as the Bureau of India Standards (BIS) authorizes a safe Fˉ concentration limit in 

drinking water as 1.5 mg/L, removal of fluoride through a cheap and effective method has become a 

mandate.  
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Abstract. Ipomoea Carnea is a wild shrub, and because of its abundance, it was chosen as 

precursor for making activated carbon. Adsorbent preparation method involved the impregnation 

of dried precursor with zinc chloride followed by activation at 500°C. Surface morphology of 

prepared adsorbent was compared with the raw Ipomoea Carnea by Scanning Electron 

Microscope analysis. Batch adsorption studies were carried out to understand the effect of 

parameters like, metal initial concentration, contact time, adsorbent dose and pH on percent 

removal of cadmium. More than 96% removal of Cd(II) was obtained at the adsorbent dose of 

0.3 g/L in 20 minutes at pH 6. Experimental data were fitted to isotherm and kinetic models to 

understand the mechanism of adsorption. Adsorption of Cd(II) onto raw Ipomoea Carnea 

followed the Langmuir isotherm, whereas adsorption onto activated Ipomoea Carnea followed 

the Freundlich isotherm. Kinetic study reveal that the experimental data of adsorption of Cd(II) 

onto activated Ipomoea Carnea followed the second order kinetic. 

Keywords: Water Treatment, Ipomoea Carnea, Adsorption, Cadmium.  

1.  Introduction 

Application of cadmium is very common in industries like electroplating, alkaline batteries, smelting, 

pigments, mining and metallurgical processes. It is B1 carcinogen according to United States 

Environmental Protection Agency which upon accumulation in the human bodies causes the diseases 

such as neuralgia, nephritis, hypertension and anemia [1]. According to Minimal National Standard 

(MINAS), Ministry of Environment and Forest, Government of India, the safe discharge limit for 

cadmium in effluent is 0.2 mg/L [2]. Techniques such as electrochemical treatment, ion-exchange, 

filtration, membrane separation, precipitation and adsorption are used to treat wastewater. These 

methods have the drawbacks like large sludge production, large capital cost and high operational and 

maintenance cost [3]. The adsorption onto activated carbon (AC) has emerged as a promising method 

for wastewater treatment, but AC is not economical due to its high manufacturing cost. Many researchers 

have focused on reducing the cost of manufacturing of AC by using wastes like crab shell, peanut hull 

pellets, corn starch, soybean hull, rice husk, de-oiled soya, turmeric waste, pomegranate peel as the 

precursor to make activated carbon [4-10]. 

Ipomoea Carnea plant is an abundantly available shrub and the extract of different parts of this plant 

has the medicinal values such as anti-bacterial, anti-fungal, anti-oxidant, and tranquilizing properties. 
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Abstract. The high fluoride (F-) content in drinking water is highly hazardous to human health. 

Bagasse is a solid waste generated in the cane-based sugar industry. It can be used to get energy 

after firing in boilers or used to produce activated charcoal. The activated carbon is used as an 

adsorbent material to remove pollutants from water. In the present study, the activated carbon 

prepared from bagasse was used to remove F- contain in water. Batch adsorption studies were 

performed to examine the effect of temperature (T), treatment time (tR), and initial fluoride 

concentration (Fi-) on F- removal. Response surface methodology (RSM) was used to generate 

a mathematical model and for the optimization of parameters. The optimum operating condition 

was evaluated to be T = 26°C, treatment time (tR)  = 3.5 h, and  Fi- =  25.14 mg/L, at which F- 

concentration in solution after treatment reached to 0.8 mg/L. The predicted values of F- in the 

solution obtained from the quadratic model were found to be well-matched with the experimental 

data. The model gave significant coefficients of determination R2 = 99.61%, R2  (adjusted) = 

99.11%,  and R2(predicted) = 97.71%, which shows that the model developed from RSM is 

highly accurate and well represents the process with its process parameters. 

                            Keywords: de-fluoridation, water purification, bagasse adsorbent, optimization      

1.  Introduction 

Most of the Indian population living in rural areas rely on groundwater for their drinking water need. F- 

may enter into groundwater by weathering rocks, industrial effluent discharge, and geochemical 

reactions [1]. While F- is an essential element to be present in water in a small amount for bones and 

dental enamel, its high concentration (>1.5 mg/L) can lead to several health disorders such as dental 

fluorosis, irreversible demineralization of bones, damage of brain tissues, the adverse effect over kidney 

and lever, etc.[2,4]. It is highly electronegative and usually found in a combined state because of its high 

chemical reactivity.  

In India, the F- concentration in groundwater ranges from 4.21 mg/L to 48 mg/L [5], which is well 

above the limit of F- in the water of 1.0 mg/L to 1.5 mg/L, as specified by the Bureau of Indian Standards 

[6]. Needless to say, it poses a significant threat to health. This necessitates the removal of F- from water 

through a cheap and effective method to bring its concentration within the specified limit.  
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Bioinorganic chemistry is found as a sizzling field in today’s era. It deals with chemistry amongst the heavy metals with natural
resources, i.e., air, soil, water, plant byproducts (foods), and environmental essences. ,e aim of this research is to determine the
concentration of heavy metals present in the food waste water sample and to study the environmental effects of metal ion
concentration. To conduct the research work, the physicochemical parameters and levels of five heavy metals of food waste water
samples were collected from five sampling points of renowned hotels, restaurants, canteens, and confectionaries of a state of India
and assessed using the standard analytical procedure. Sampling was carried out from January 2017 up to December 2017. ,e
physicochemical parameters were determined such as pH, temperature, turbidity, conductivity, total dissolved solids, total
suspended solids, total alkalinity, biological oxygen demand, chemical oxygen demand, dissolved oxygen, total organic carbon,
sulphate, nitrate, and phosphate. ,e heavy metal concentration was determined by using the UV-spectrophotometer, and the
results were compared with the standards prescribed by the WHO, BIS, ICMR, and municipal authorities. ,e results obtained in
the physicochemical analysis revealed that a few parameters were found beyond limits, and the metal ion concentration (iron and
zinc) results were found above the permissible limits set by the CPCB (Central Pollution Control Board), ICMR, BIS, and World
Health Organization (WHO), most especially, effluent from point P1. It was concluded that all the effluents required further
treatment before releasing them into the water body or land to prevent pollution.,e obtained results reveal that waste water used
for irrigation and farming of nearby areas and water drained from restaurant kitchens were considerably polluted and not suitable
for aquatic organisms, irrigation, and agricultural purposes.

1. Introduction

In the present situation across the world, the poor quality of
discharged water by restaurants, hotels, and various food-
selling commercial sites contains various levels of pollutants.
,is poor quality of discharged water is the result of poor
management of discharged food waste water. ,ese pol-
lutants are discharged either with intent or mistakenly into
the environment, which are released straight or indirectly
into public sewer lines, dumping yards, and reservoirs [1]. It
is probed that heavy metals such as Pb, Cu, Fe, Ni, Hg, and
Zn are found in food waste water. ,ey not only produce

toxic or chronic poisoning in aquatic animals but also pose
threat to the environment. Waste water used for irrigation
fields contains considerable amount of potentially toxic
substances including dissolved salts and heavy metals like
Fe2+, Cu2+, Zn2+, Mn2+, Ni2+, and Pb2+. It is seen that, in
agriculture fields, waste water contaminates the soil to such
an extent that it becomes toxic to flora and fauna. ,e crops
and plants accumulate heavy metals of waste food water in
their tissues at concentrations ranging above the acceptable
levels, which is considered harmful to the ecosystem and
aquatic organisms. Researchers proved that high rate of
exploration and recharging, poor management of dumping
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Abstract

Purpose – The purpose of this study is to identify the barriers to the adoption of blockchain technology in
green supply chain management (GSCM) and further analyze the cause and effect relationship to prioritize the
barriers for making strategic decisions.

Design/methodology/approach – The study examines 15 potential barriers related to the adoption
of blockchain in GSCM which is identified from the literature review and finalized after subsequent
discussions with industry professionals. Integrated Fuzzy-Decision-Making Trial and Evaluation
Laboratory approach is used to analyze cause and effect relationships and prioritize the barriers. Fuzzy
set theory is used to handle the uncertainty and vagueness associated with the personnel biases and
data deficiency problems. Three small to medium enterprises’ (SMEs’) are considered for gathering data
and further analyzing the crucial barriers that are impeding the adoption of blockchain technology in
GSCM.

Findings – The findings reveal that “lack of management vision” and “cultural differences among
supply chain partners” are the most influencing barriers, whereas; “collaboration challenges” and
“hesitation and workforce obsolescence” are the most influential barriers in the adoption of blockchain
in GSCM.

Research limitations/implications – The study is developed based on 15 selected barriers which were
further tested using data from three SMEs’ in the emerging economy of India. The adoption of blockchain
technology in GSCM is at a nascent stage and more research studies are necessary to extend the knowledge
base.

Practical implications – Managers need to eliminate the barriers and extend the blockchain technology
application in GSCM. Managers need to develop the mission and vision of the company by doing proper
alignment of blockchain technology with GSCM goals. Second, managers need to make strong collaborations
and remove the hesitation and workforce obsolescence barrier by providing the right education and pieces of
training.

Green supply
chain

management

Received 5 June 2020
Revised 16 July 2020

21 August 2020

Accepted 21 August 2020

Journal of Global Operations and
Strategic Sourcing

© EmeraldPublishingLimited
2398-5364

DOI 10.1108/JGOSS-06-2020-0027

The current issue and full text archive of this journal is available on Emerald Insight at:

https://www.emerald.com/insight/2398-5364.htm



Ý±²¬»²¬ ´·¬ ¿ª¿·´¿¾´» ¿¬ Í½·»²½»Ü·®»½¬

Ö±«®²¿´ ±º Û²»®¹§ Í¬±®¿¹»

¶±«®²¿´ ¸±³»°¿¹»æ ©©©ò»´»ª·»®ò½±³ñ´±½¿¬»ñ»¬

Û¨°»®·³»²¬¿´ ¿²¼ ¬¸»®³¿´ °»®º±®³¿²½» ·²ª»¬·¹¿¬·±² ±² »²·¾´» ¬±®¿¹»

¾¿»¼ ±´¿® ¿·® ¸»¿¬»®

Íò Ê·¶¿§¿² ô ÌòÊò ß®¶«²¿² ô ß²·´ Õ«³¿® ô ÓòÓò Ó¿¬¸»©¿®¿²

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ò¿¬·±²¿´ ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô Ì·®«½¸·®¿°°¿´´·ô êîð ðïëô ×²¼·¿

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ý±·³¾¿¬±®» ×²¬·¬«¬» ±º Û²¹·²»»®·²¹ ¿²¼ Ì»½¸²±´±¹§ô Ý±·³¾¿¬±®»ô êìï ïðçô ×²¼·¿

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ù«®« Ù¸¿·¼¿ Ê·¸©¿ª·¼§¿´¿§¿ øß Ý»²¬®¿´ Ë²·ª»®·¬§÷ô Þ·´¿°«®ô ìçë ððçô ×²¼·¿

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ü»´¸· Ì»½¸²±´±¹·½¿´ Ë²·ª»®·¬§ô Ü»´¸·ô ïïð ðìîô ×²¼·¿

Ý»²¬®» º±® Û²»®¹§ ¿²¼ Û²ª·®±²³»²¬ô Ü»´¸· Ì»½¸²±´±¹·½¿´ Ë²·ª»®·¬§ô Ü»´¸·ô ïïððìîô ×²¼·¿

Ü»°¿®¬³»²¬ ±º Ó»½¸¿²·½¿´ Û²¹·²»»®·²¹ô Ö¿²±² ×²¬·¬«¬» ±º Ì»½¸²±´±¹§ô Ý±·³¾¿¬±®»ô êìï êëçô ×²¼·¿

ß Î Ì × Ý Ô Û × Ò Ú Ñ

Õ»§©±®¼æ

Í±´¿® ¿·® ¸»¿¬»®

Ì¸»®³¿´ » ½·»²½§

Û »½¬·ª» ¬¸»®³¿´ » ½·»²½§

Û¨»®¹§ » ½·»²½§

Ð±®±« ¾»¼

Ú´¿¬ °´¿¬» ½±´´»½¬±®

ß Þ Í Ì Î ß Ý Ì

Ì¸» ¬¸»®³¿´ °»®º±®³¿²½» ±º ¬¸» ±´¿® ½±´´»½¬±® º±® ¿·® ¸»¿¬·²¹ °«®°±» · ·²ª»¬·¹¿¬»¼ ©·¬¸ ¿²¼ ©·¬¸±«¬ °¿½µ»¼

¾»¼ ¬¸®±«¹¸ »¨°»®·³»²¬¿´ ¿²¼ ¬¸»±®»¬·½¿´ ³»¬¸±¼ò ß ·³°´» ¿¬ °´¿¬» ±´¿® ¿·® ¸»¿¬»® ©¿ ¼»ª»´±°»¼ ©·¬¸ î³

½±®®«¹¿¬»¼ ¿¾±®¾»® °´¿¬» ¿²¼ ·²¬»¹®¿¬»¼ ©·¬¸ °±®±« °»¾¾´» ¾»¼ ·² ¬¸» ¿·® ±© °¿¬¸ ¬± ¿½¬ ¿ ¿ »²·¾´» ¸»¿¬

¬±®¿¹» ³»¼·«³ò Ì¸» »¨°»®·³»²¬¿´ ¬«¼·» ©»®» ½¿®®·»¼ ±«¬ º±® ¼· »®»²¬ ³¿ ±© ®¿¬» ±º ¿·® º®±³ ðòðïì ¬±

ðòðèé µ¹ñ ©·¬¸ ¬¸» ·²½®»³»²¬ ±º ðòððçë µ¹ñò Í¬»¿¼§ó¬¿¬» ¬¸»±®»¬·½¿´ ³±¼»´ ¸¿ª» ¾»»² »¬¿¾´·¸»¼ ¬± °®»¼·½¬

¬¸» ¬¸»®³¿´ °»®º±®³¿²½» ±º ¬¸» ¿·® ¸»¿¬»® ¿²¼ ¬¸» ®»«´¬ ·²¼·½¿¬»¼ ¬¸¿¬ ¬¸»§ ¿®» ©»´´ »²±«¹¸ ¬± °®»¼·½¬ ¬¸»

±«¬´»¬ ¿·® ¬»³°»®¿¬«®» ©·¬¸ ¿½½»°¬¿¾´» »®®±® °»®½»²¬¿¹»ò Ì¸» ½±´´»½¬±® ©·¬¸ °¿½µ»¼ ¾»¼ ¬±®¿¹» ³»¼·«³ · ³±®»

» ½·»²¬ ¬¸¿² ©·¬¸±«¬ °¿½µ»¼ ¾»¼ ·² ¬»®³ ±º »²»®¹§ » ½·»²½§ ¿ ©»´´ ¿ ·² ®»¼«½·²¹ ¬»³°»®¿¬«®» «½¬«¿¬·±² ±º

¿·® ¿¬ ¬¸» ±«¬´»¬ ±º ¬¸» ½±´´»½¬±®ò Ì¸» »²»®¹§ ¿²¼ »¨»®¹§ » ½·»²½§ ±º ¬¸» ½±´´»½¬±® ©·¬¸ °¿½µ»¼ ¾»¼ ª»®·»¼ º®±³

îðòíëû ¬± ëðòçîû ¿²¼ õíòçéû ¬± îòèðéû º±® ¬¸» ¿·® ±© ®¿¬» ðòðïì µ¹ñ ¬± ðòðèé µ¹ñ ®»°»½¬·ª»´§ò Í±´¿®

½±´´»½¬±® ©·¬¸ °¿½µ»¼ ¾»¼ ¿®» ½¿°¿¾´» ¬± ¼»´·ª»® ¬¸» ¸±¬ ¿·® ·² ¬¸» ®¿²¹» ±º ìë ¬± êð pÝ º±® ¿ ´±²¹»® °»®·±¼ ¿²¼

©¸·½¸ ½¿² ¾» °®»º»®®»¼ º±® ¿½¸·»ª·²¹ ¿ ¾»¬¬»® ¯«¿´·¬§ ±º ¬¸» ¼®·»¼ °®±¼«½¬ ¿ ©»´´ ¿ º±® °¿½» ¸»¿¬·²¹ ¿°°´·ó

½¿¬·±²ò

ïò ×²¬®±¼«½¬·±²

Í±´¿® ¿·® ¸»¿¬»® ¿®» ·³°´» ¸»¿¬ »¨½¸¿²¹»® «»¼ ¬± °®±¼«½» ¸±¬ ¿·®

¾§ ½±²ª»®¬·²¹ ±´¿® »²»®¹§ ·²¬± ¬¸»®³¿´ »²»®¹§ ¿²¼ ¬®¿²º»®®·²¹ ·¬ ¬±

±©·²¹ ¿·®ò Ì¸»§ ¿®» ©·¼»´§ «»¼ º±® ª¿®·±« ¿°°´·½¿¬·±² «½¸ ¿

¼®§·²¹ ±º ¿¹®·½«´¬«®¿´ ¿²¼ ·²¼«¬®·¿´ °®±¼«½¬ô »¿±²·²¹ ±º ¬·³¾»®ô

¼»·½½¿²¬ ®»¹»²»®¿¬·±² ¿²¼ °¿½» ¸»¿¬·²¹ »¬½ ÅíðÃò Ó¿²§ ª¿®·¿²¬ ±º

±´¿® ½±´´»½¬±® ¿®» ¿ª¿·´¿¾´» º±® ¿·® ¸»¿¬·²¹ô ¬¸±«¹¸ ¬¸» ¿¬ °´¿¬» ¬§°» ·

°®»¼±³·²¿²¬´§ «»¼ º±® ´±©ó¬»³°»®¿¬«®» ¿°°´·½¿¬·±² ¼«» ¬± ·³°´»

¼»·¹²ô »¿§ ¬± ±°»®¿¬»ô ´±© ±® ²·´ ³¿·²¬»²¿²½» ¿²¼ ´±© ½±¬ô »¬½ò

Ó±®»±ª»®ô ¬¸» ±´¿® ¿¬ °´¿¬» ¿·® ¸»¿¬»® ¿®» ©»´´ «·¬¿¾´» º±® °®±¼«½·²¹

¬¸» ¸±¬ ¿·® ·² ¬¸» ¬»³°»®¿¬«®» ®¿²¹» ±º ëðŠêð pÝ ¿²¼ ¬¸· ¬»³°»®¿¬«®»

®¿²¹» · ±°¬·³«³ º±® ¼®§·²¹ ±º ¿¹®·½«´¬«®¿´ °®±¼«½¬ ÅíîÃò Ì¸» ¸±¬ ¿·®

º®±³ ¬¸» ±´¿® ½±´´»½¬±® ½¿² ¾» »¨¬®¿½¬»¼ »·¬¸»® ¾§ ²¿¬«®¿´ ±® º±®½»¼

½±²ª»½¬·±² ³»¬¸±¼ò ß ½±²ª»²¬·±²¿´ ¿¬ °´¿¬» ¿·® ¸»¿¬»® ««¿´´§ ½±²ó

·¬ ±º ¿ ¹´¿¦·²¹ô ¿² ¿¾±®¾»®ô ¿ ¾±¬¬±³ °´¿¬» ¿²¼ ·²«´¿¬·±² ³¿¬»®·¿´ò

Ì¸» ±© ±º ¿·® ¬¿µ» °´¿½» »·¬¸»® ¿¾±ª» ±® ¾»´±© ¬¸» ¿¾±®¾»® °´¿¬» ¬±

½±´´»½¬ ¬¸» ¸»¿¬ô ±³»¬·³» ¾±¬¸ ¬¸» ·¼»ò Ì¸» ¿¬ °´¿¬» ±´¿® ¿·®

¸»¿¬»® ³¿§ ¾» ·³°´§ ½´¿· »¼ ¾¿»¼ ±² ¬¸» ¬¸»®³¿´ ¬±®¿¹» ¿ ¸±©²

·² Ú·¹ò ïò

Ì¸» ³¿¶±® ¼®¿©¾¿½µ ±º ¬¸» ½±²ª»²¬·±²¿´ ¬§°» ±´¿® ¿·® ¸»¿¬»® · ±º

´±©»® ¬¸»®³¿´ » ½·»²½§ ¼«» ¬± ´±© ¸»¿¬ ½¿®®§·²¹ ½¿°¿½·¬§ ±º ¿·® ¿²¼

´» ½±²ª»½¬·ª» ¸»¿¬ ¬®¿²º»® ½±» ½·»²¬ ¾»¬©»»² ¿·® ¿²¼ ¿¾±®¾»® «®ó

º¿½» ÅìÃò Ò«³»®±« ³»¬¸±¼ ©»®» ¿¬¬»³°¬»¼ ¬± »²¸¿²½» ¬¸» °»®º±®ó

³¿²½» ±º ¬¸» §¬»³ ¬¸®±«¹¸ ¬¸» ·²½®»¿»¼ ¸»¿¬ ¬®¿²º»® ¿®»¿ ±® ·³ó

°®±ª»¼ ½±²ª»½¬·ª» ¸»¿¬ ¬®¿²º»® ½±» ½·»²¬ ±º ±©·²¹ ¿·®ô ¬¸» ®¬ ±²» ·

¿½¸·»ª»¼ ¬¸®±«¹¸ ½±®®«¹¿¬»¼ ±® ²²»¼ ¿¾±®¾»® °´¿¬» ¿²¼ ¬¸» ´¿¬»®

«·²¹ ¿®¬· ½·¿´ ®±«¹¸»²»¼ ¿¾±®¾»® «®º¿½» ª·¿ ³¿½¸·²·²¹ô ½¿¬·²¹ô

¿²¼¾´¿¬·²¹ ¿¬¬¿½¸·²¹ ®·¾ ±® ¬¸·² ©·®»ô »¬½ò ÅêÃò ß°¿®¬ º®±³ ¬¸¿¬ô ®»ó

»¿®½¸»® ¸¿ª» ¿¬¬»³°¬»¼ ¬± »²¸¿²½» ¬¸» ¸»¿¬ ¬®¿²º»® ®¿¬» ¬¸®±«¹¸

±¬¸»® ³»¬¸±¼ ¿´± «½¸ ¿ ³«´¬·°´» °¿ ±º ¿·® ÅïíôíïÃô ¶»¬ ·³°·²¹»ó

³»²¬ ÅïèÃô ®»½·®½«´¿¬·±² ±º ¸±¬ ¿·®ô ©·®» ³¿¬®·¨ ÅîèÃô »¬½ò

ß³±²¹ ª¿®·±« ¬»½¸²·¯«»ô ½±®®«¹¿¬»¼ ¿¾±®¾»® · ±²» ±º ¬¸» ·³°´»

¿²¼ » ½·»²¬ ³»¬¸±¼ ±º »²¸¿²½·²¹ ¬¸» °»®º±®³¿²½» ±º ¿¬ °´¿¬» ¿·®

½±´´»½¬±® ÅïëÃò Ö±«¼· ¿²¼ Ó±¸¿³³»¼ ÅïðÃ ·²ª»¬·¹¿¬»¼ ¬¸» °»®º±®ó

³¿²½» ±º Êó½±®®«¹¿¬»¼ó°´¿¬» ±´¿® ¿·® ¸»¿¬»®ò Ì»³°»®¿¬«®» ®·» ¿½®±

¸¬¬°æññ¼±·ò±®¹ñïðòïðïêñ¶ò»¬òîðîðòïðïêîð

Î»½»·ª»¼ í ß°®·´ îðîðå Î»½»·ª»¼ ·² ®»ª·»¼ º±®³ ïé Ó¿§ îðîðå ß½½»°¬»¼ ïì Ö«²» îðîð

Ý±®®»°±²¼·²¹ ¿«¬¸±®ò

Ûó³¿·´ ¿¼¼®»»æ ª·¶¿§¿²¼¿µ¸·²§¿à¹³¿·´ò½±³ øÍò Ê·¶¿§¿²÷ô ¿²·´µ«³¿®éêà¼¬«ò¿½ò·² øßò Õ«³¿®÷ò





Û¨°»®·³»²¬¿´ ·²ª»¬·¹¿¬·±² ±² ¸»¿¬ ¬®¿²º»® ½¸¿®¿½¬»®·¬·½ ±º °¸¿»

½¸¿²¹» ½±³°±·¬» º±® ¬¸»®³¿´ »²»®¹§ ¬±®¿¹» §¬»³

Ðò Ö·¼¸»¸ ô ÌòÊò ß®¶«²¿² ô Öò Ü¿ª·¼ Î¿¬¸²¿®¿¶

¿ ® ¬ · ½ ´ » · ² º ± ¿ ¾  ¬ ® ¿ ½ ¬

Ý±²¬»²¬ ´·¬ ¿ª¿·´¿¾´» ¿¬ Í½·»²½»Ü·®»½¬

Ð´»¿» ½·¬» ¬¸· ¿®¬·½´» ¿æ Ðò Ö·¼¸»¸ô ÌòÊò ß®¶«²¿² ¿²¼ Öò Ü¿ª·¼ Î¿¬¸²¿®¿¶ô Û¨°»®·³»²¬¿´ ·²ª»¬·¹¿¬·±² ±² ¸»¿¬ ¬®¿²º»® ½¸¿®¿½¬»®·¬·½ ±º °¸¿» ½¸¿²¹» ½±³ó

°±·¬» º±® ¬¸»®³¿´ »²»®¹§ ¬±®¿¹» §¬»³ô Ó¿¬»®·¿´ Ì±¼¿§æ Ð®±½»»¼·²¹ô ¸¬¬°æññ¼±·ò±®¹ñïðòïðïêñ¶ò³¿¬°®òîðîðòïðòçìç



Evaluation of machine tool
substitute under data-driven
quality management system:

a hybrid decision-making approach
Atul Kumar Sahu

Industrial and Production Engineering, Guru Ghasidas Vishwavidyalaya,
Bilaspur, India

Anup Kumar
Operations and Business Analytics, Institute of Management Technology Nagpur,

Nagpur, India

Anoop Kumar Sahu
Department of Mechanical Engineering, Guru Ghasidas Vishwavidyalaya,

Bilaspur, India, and

Nitin Kumar Sahu
Industrial and Production Engineering, Guru Ghasidas Vishwavidyalaya,

Bilaspur, India

Abstract

Purpose – Today, industrial revolutions demands advanced technologies, means, mediums, tactics and
so forth for optimizing their operating behavior and opportunities. It is probed that the effectual results
can be seized into system by not only developing advance means and technologies, but also capably
adapting these developed technologies, their user interface and their utilization at optimum levels.
Today, industrial resources need perfect synchronization and optimization for getting elevated results.
Accordingly, present study is furnished with the purpose to expose quality-driven insights to march
toward excellence by optimizing existing resources by the industrial organizations. The present study
evaluates quality attributes of mechanical machineries for seizing performance opportunities and
maintaining competitiveness via synchronizing and reconfiguring firm’s resources under quality
management system.
Design/methodology/approach – In the present study, Kano’s integrated approach is implemented for
supporting decision rational concerning industrial assets. The integrative Kano–analytic hierarchy process
(AHP) approach is used to reflect the relative importance of quality attributes. Kano and AHP tactics are
integrated to define global relative weight and their computational medium is adapted along with ratio
analysis, reference point theory and TOPSIS technique for understanding robust decision. The study
described an interesting idea for underpinning quality attributes for benchmarking system substitutes.
Amachine tool selection case is discussed to disclose the significant aspect of decision-making and its virtual
qualities.
Findings – The decision executives can realize massive benefits by streaming quality data, advanced
information, technological advancements, optimum analysis and by identifying quality measures and
disruptions for gaining performance deeds. The study determined quality measures for benchmarking
machine tool substitute for industrial applications.Momentousmachine alternatives are evaluated bymeans of
technical structure, dominance theory and comparative analysis for supporting decision-making of industrial
assets based on optimization and synchronization.
Research limitations/implications – The study linked financial, managerial and production resources
under sole platform to present a technical structure that may assist in improving the performance of the
manufacturing firms. The study provides a decision support mechanism to assist in reviewing the momentous
resources to imitate a higher level of productive strength toward the manufacturing firms. The study
endeavors its importance toward optimizing resources, which is an evident requirement in industries as the
same not only saves money, escalates production, improves profit margins and so forth, but also gratifies the
consumption of scarce natural resources.
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Abstract

Purpose

In the presented research work, the authors fabricated the

multiple MS plate (Grade: IS 2062) specimens and applied a novel

integrated computational TR F R  approach with grey relational

analysis (GRA) toward solving weld bead optimization problem in

MIG welding procedure. The objective of research is to determine

the optimum setting between MIG welding input process

parameters, e.g. welding current, open circuit voltage and

thickness of plate in attaining high tensile strength with weld bead

geometry quality characteristics, e.g. bead width, reinforcement,

penetration and dilution in investigating de�ne MS specimens.

Design/methodology/approach

The Taguchi's L  orthogonal array (OA) design is respected to

conduct the experiments on MS plate specimens to attain output

objectives. Later, the evaluated multiple output objectives are

transformed into single response by applying a novel integrated

computational TR F R  approach with GRA. Thereafter, the outset

of signal-to-noise ratio (S/N ratio) accompanied by ANOVA

(Analysis of variance) is explored to optimize objective function.

Findings

The computed results are con�rmed by conducting the

experiments on same identical specimens. The outcome of the

con�rmation tests yielded an improvement of 0.24454, 0.372486,

0.686635 and 0.4106846 in grey relational grade (GRG), overall

ratio index, reference grade and full multiplicative index,

respectively, after validating the results.

Originality/value

In the presented work, the authors constructed a novel integrated

computational TR F R  approach via clustering GRA, overall ratio

index (ORI), full multiplicative index (FMI) with GRA-reference grade
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In the present era, many Petrochemical Industries (PIs) are driven energetically due to IIoT (Industrial Internet of Things)
Communication Networks/Architectural Layers (CNs/ALs), abbreviated as PI4.0-CNs/ALs. PI4.0 fruitfully participated to achieve
the Circular Economy (CE) by speeding the reutilization, recovery, and recycling of scrap materials by minimizing cost,
unproductive operations, energy consumption, emission of flue gases, etc. Recently, it has been ascertained that the
identification and measurement of Research Trends (RTs) of CNs-ALs help the PI4.0 to build the future CE. In addressing the
said research challenge, the objective of this research dossier is turned towards inculcating into future PI4.0 researchers the RTs
of CNs/ALs of PI4.0, so that the researches can be organized over the very weak and moderately performing CNs-ALs to hike
the future CE. To materialize the RTs of PI4-CNs/ALs, the authors conducted the Systematic Literature Survey (SLS) focusing
on PI4.0-CNs/ALs, i.e., Internet of Things (IoTs), Cyber Physical System (CPS), Virtual Reality (VR), Integration (I), Data
Optimization (DO), Enterprise Resource Planning (ERP), Plant Control (PC), Data and Analytics (DA), Network (N), and
Information and Data Management (IDM). The authors searched three hundred two research documents, wherein two hundred
seventy-five research manuscripts qualified as RQ2. Next, the authors collected the DOIs/URLs corresponding to each CN-AL
and explored the Sum of Digit Scoring System (SDSS) to summarize the DOIs/URLs of PI4.0-CNs/ALs. The RTs of DO have
been determined as excellent and stronger over 2007-2017 than residue CNs/ALs. Eventually, the authors advised scholars to
focus on the research areas of very weak and moderately weak performing CNs/ALs in order to attain future CE.

1. Introduction

In the last decade, the demand from customers for custom-
ized products with the lowest prices thrust Production
Systems (PSs) into more digitalized capabilities with an effort
of minimizing the wastefulness of industries. This approach
is called the Circular Economy (CE). The growth of the pop-
ulation also propelled industrialists to establish, expand, and
integrate their business empires by incorporating different
varieties of customized products with the least waste. This
is another way to describe CE. Today’s emergent demands

of domestic oils and gas resources are stimulating the research
communities towards devising appropriate means tomonitor
and evaluate the physical performance for saving energy, pro-
cesses which are respected as CE as per [1, 2]. Firms adapt a
technical and institutional framework for enrolling, recycling,
and disposalmonitoring systems to ensure utilization ofwaste
oils and hazardous wastes with a huge public interest in devel-
oping CE [3, 4]. The employment of appropriate technology
can radically reduce ecological pollution and wastes by
improving connectivity, integration, and automation towards
oil mill processors and allied systems for attaining CE [5, 6].
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